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Abstract :

As a low-lying city with inadequate provision for runoff, street flooding is an endemic problem in Lagos
metropolis with each rainy season. There has been continuting efforts by the state government to combat
this flooding as evidenced by the State Drainage Development Plan of 1999 and the recent Flood
Abatement Programme of the State Ministry of Environment. These efforts have largely been dwarfed by
the enormity of the problem. As part of a comprehensive drainage system for the city, buildings, streets and
roads are supposed to feed runoff into tertiary, secondary and primary drainage systems for rapid delivery
to collection basins, lagoons and to the sea. But apart from drainage system inadequacy coupled with
reckless landuse habits (indiscriminate waste dumping, polythene bags etc) a closer observation of many
paved streets and roads reveals non-adherence to some fundamental parameters for effective drainage in
their planning, design, construction and maintenance. Cross and longitudinal sections of streets/roads
reflect slopes for rapid drainage away from them. Although a rudimentary knowledge to the road
engineer, lack of this among some planners/designers, some maintenance crew managers and developers
appear to lead to improperly aligned, constricted and maintained streets which contribute to flooding.

This paper reviews some salient street planning/design parameters for effective drainage. Then some
selected collector and residential streets on the Lagos mainland are surveyed through field observation for
their adherence or otherwise to these parameters. Landuse practices which contribute to street flooding are
highlighted. ~ Strategies for abatement discussed include education, programmed comprehensive
resurfacing, control of indiscriminate development/ proactive comprehensive drainage system and timely
evacuation of refuse.

Keywords, Environment, drainage, ‘road,, pavement

Introduction . topography, poor infiltration and high tide at

Being a low-lying city with inadequate provision outfalls) and man-made causes (inadequate

for runoff, street flooding is an endemic problem design and underdevelopment of systems -

in Lagos metropolis with each rainy season. drainage facilities lacking or 'haphazard,

Whether light or heavy, each rain brings with it improper sizing, encroachment and lack of
traffic gridlock, economic slowdown and maintenance - Lagos State -MEPP, 1999)

unwanted misery on residents and commuters as Recently, this effort is being promoted by the
the streets and roads are severely inundated. current Lagos State Flood Abatement
Due to the enormity of the flooding problem, Programme evidenced by the clearing of some
efforts by the State Government to combat it drains by maintenance crews.

have only yielded mixed results in isolated cases. Where the city has a comprehensive drainage
An example is the Lagos State Ministry of system as Abuja does, buildings, streets aﬁd
Environment and Physical Planning Drainage roads routinely feed runoff into tertiary
Development for Greater Lagos of 1999. In this secondary and primary drainage systems fo;'
report, the causes of flooding and problems of rapid discharge to collection basins, lagoons and
storm water drainage in Lagos were identified to to the sen. But aside from drainage system
include natural causes (intense rainfall, flat . inadequacy and reckless landuse lh‘ahils
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g:dlsvipnunatc waste dumping and polythene
gs litter etc), a closer observation of many
paved streets and roads in the metropolis reveals
lack of adherence to some fundamental
parameters ~ for effective drainage in their
planning/design, construction and maintenance.
Planning, design and alignment of roads while
aime'd appropriately on the provision of safe
moving lanes also embody considerations for
rapid discharge of incidental runoff from the
pavement into collection areas. In this regard, the
road cross and longitudinal sections reflect
slopes for rapid drainage away for the road
centerline, apex and bottom of the vertical curves
respectively. These considerations although a
rudimentary knowledge to the highway engineer
appear to be lacking among some planners and
designers, various local managers, some road
maintenance crew managers and some private
estate developers. In consequence, these appear
to contribute to improperly aligned, constructed |
and maintained streets which readily become
involuntary impoundments once it rains.
This paper therefore reviews some salient road
alignment parameters for effective drainage.
Selected collector and residential streets on the
Lagos mainland are surveyed for their adherence
or lack thereof to these parameters. Landuse
practices which mitigate effective drainage in
these streets are highlighted. Suggestions toward
amelioration briefly discussed include education,
programmed comprehensive resurfacing, control
of indiscriminate  development, proactive
comprehensive drainage system and timely
evacuation of refuse.
The methodology employed in thi exercise was
the review of concepts coupled with field
observation on the streets, photography and
sketch illustrations. Collector and residential
streets selected are in Isolo/Okota/Ejigbo  (
Ejigho Road, Aswani Road, Okota Road and
Kogberegbe Street), in Surulere (Ogunlana

University of Lagos, Akoka Lagos

d Bode Thomas Streets), in

Drive, Ogunsanya an els)
Ikeja (Awolowo Way) and in Akoka (University
Road/Usman Dan Fodio Blvd. and Ransome

Kuti Road). Their selection was based on their
being representative and symptomatic_of the
characteristic of Streets and roads in their areas.
They are generally low speed roads nol
exceeding the design speed of S50kph. Only
paved streets and roads are used in the
assessment as they readily provide even surface

and slope.

Road Design Parameters for Drainage:

The Road Cross section: Universally, the road
cross section is characterized by a convex O
triangular form [Fig. 1a,b) In a convex section of
an undividéd 2 or 4 lane street with normal
crown, the road centerline is the apex with the
pavement sloping uniformly sideways towards
the edges or curbs. In an avenue, boulevard o1
dual carriage street with 2 median, typica
section is triangular with the edge of the mediar
being the apex while the pavement also slopet
uniformly sideways (o the edges, curbs o
shoulders. This cross slope which for asphal
and concrete pavements is a preferred minimum
of 2% and 1% (ie. 6mm/300mm anc
3mm/300mm) respectively of the horizonta
distance from the apex to the edges or curbs
Harris and Dines, 1998; Tables 1&2, Standard:
for Pavement Cross Slopes). This cross slop
ensures the rapid conveyance of incidental runof
from the pavement to the edges from where it i
fed into inlets or channels. It is pertinent 10 ad
that normal crown is more economicall:
achieved where the horizontal alignment i
across the contours.  Where however the
alignment is along the contours as along the sid
of 2 hill, the cross section is usually triangular o
‘super elevated' with the higher edge on the up
slope and the lower edge-down slope.

Table 1. Spatial Standards for Roads: Pavement crown (for Drainage)

Natural soil 15mm: 300mm
Gravel, crushed stone 10-15mm: 30mm
Intermediate type bituminous 5-10mm: 300mm
High-Type bituminous 3-5mm: 300mm
Concrete 2.5-4mm: 300mm

Source: Harris and Dines after AASHO

Table 2. Standards for Pavement Cross Slopes
Type of Pavement

Portland cement concrete 4.5mm

cross slope (mm/mm)
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Superelevation is the tilting of the road surface
or cross slope either about its centerline or inside
edge. Usually, it is employed to counteract
centrifugal force on a horizontal curve in order to
maintain the speed of travel. The amount of
tilting depends on the design speed and the
radius of curve. However, it is recommended
that the rate of superelevation should not be less
than the rate of crown slope while the maximum
value should not exceed 36mm/300mm

(FMW.1973 p.1-301.03). In addition to this
main function, superelevation aids rapid drainage
of the road cross section from the elevated
outside edge to the inside edge of the road curve
from where it could be fed into channels (Fig. 3).

Curbs and Roadside Drainage Channels
In addition to their use to restrain vehicles from
leaving the road pavement and protect
pedestrians and other street users, curbs are used
extensively to control drainage. They prevent
water from sheeting or ponding on traffic lanes
by directing it through inlets or outfalls to
surface and subsurface channels. Used with or
without curbs, the main function of street-side or
roadside channels where available is to conduct
runoff away in order to prevent damage to the
d hence impede traffic flow. Often
the longitudinal slope associated with vertical
alignment facilitates longitudinal transport and
discharge of runoff along these channels to the
bottom of a sag curvé where culverts or
interceptor channels conduct into primary
channels or natural drainage COUTSES. The
standard practice in our urban residential streets
is the use of open, surface rectangular channels
instead of subsurface System. Where possible,
they are on both sides of the streel.

pavement an

Findings on Streets and Roads Surveyed
Cross Section and Slope
Except on a segment of University Road,
Ransome Kuti Road, Ogunlana Drive and
Adeniran  Ogunsanya  St., all others have
triangular cross sections with discernible slopes
of the range 2-4%. This is more pronounced on 4
- lane divided roads such as Ejigbo/Egbe Road
and Awolowo Way. Here the median is the apex
with the pavement sloping uniformly sideways
except at superelevated sections. Save for the 4-
lane roads, most of others especially Ogunlana
Drive and Ogunsanya Street exhibit irregular or

90

. Slope

uneven cross slope with depressions towards the
edges or curbs. In some of these instances, the
street edges or curbs are at higher levels than the
intervening pavement between them and the
apex of the road (Plates 2, 3, 4). Apart from
Awolowo Way and University Road, many of
the roads/streets exhibiting uneven €ross slope
have witnessed sporadic maintenance in some
sections in recent times. It could not however be
determined if the depressions in cross slope are
attributable  to  improper maintenance  0r
differential settlement.
Uneven cross-slope and depressions ~ are
evidently some of the prime contributors to
ponding on the street pavement. Clearly, it was
observed that streets in relatively flat terrain of
Surulere and Akoka rély heavily on cross slope
for drainage in comparison  with those in
undulating terrains of Isolo, Ejigbo and Ikeja.

Horizontal, Vertical Curves and Longitudinal

very short curves on the Oke-Afa
d and on the canal end of

Kogberegbe  Street, Isolo, the horizontal
alignment of most other streets are within
tolerable limits and standards. Also except for
above locations, requisite horizontal  sight
distances of a minimum of 80meters on the
design speeds of urban roads (30mph or 50kph)
appear achieved especially on the minimal crest
and sag curves present on a few of them which
include Okota, Ejigbo, Aswani Roads. and

Awolowo Way.

Major elements of the vertical or longitudinal
slope observed are the following:

a. In arcas of sloping topography as in
Isolo, Ejigbo and Ikeja, the streets and
roads  surveyed have  perceivable
longitudinal slope of range 3-5% which
aids rapid drainage along the edges and
into the channels (Plate 5).

b. In relatively flat areas as in Surulere,
Akoka, longitudinal slopes of the streets
are hardly perceivable at a range of 1-2%
as observed on University Road at Atan

Except for
segment of Ejigbo Roa

Cemetery and Adeniran  Ogunsanya
Street.
., Also streets in areas of flat terrain rely

more on cross slope for drainage than
longitudinal slopes.

d. In flatter areas, ponding or flooding
occurs more on the road pavement
between the crown and the edges either
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due to depressions or higher elevations of
adjoining curbs and putter s eyiden! ]
parts of Ogunlana Drive and Ogunsinya
Street,

c. Inconsistent  profile  or  soller conster
longitudinal slope between the crest and
Sag curves occur on oa nuinber of these
streets with the cxeeption of Awolown
Way.  This is most pronounced on
Aswani Roud and Koghereghe  Street,
Isolo. This situation ails  ponding on
many segments of the road pavernent
[Plates 2, 3).

Curbs and Gutters

Only Awolowo Way, University Road/Ustman
Dan Fodio Bvld have curbs an both sides ard
median for most of their entire length. Ejighe /
Egbe Road has curbs entirely on its median and
outbound lane up to Oke-Afa bridge. (sthers like
Ogunlana Drive and Adeniran Ogunsanya Street.
have kerbs only at some points on their entire
length. On channels, only Awolowo Way has
subsurface drainage with curh inlets comnected 1
them. Those in Isolo and Ejighe have clearly
recognizable rectangular channels zligned with
longitndinal slopes on both sides with the
sloping terrain aiding their effectiveness. The
streets in Surulere znd Akoka gemerzlly hzve
shallow swales or channels either on one side or
part of their entire length. Also in these areas,
inappropriate or questionzble inverts characisrize
these channels where they exist s svidences by
stagmamt effivent in them OFf e 122 corves
found on some of the swrees namely Awclows
Wav, Okotz Road and Ejigho Rozd Oke-Afz
only the imeercepror chemmel or calvert om
Awolowo Way By Oregon Read umcton
effective 25 minfmal pooding occurs ez
Severs flooding occmrs oo samiler curve om
Okotz Road (near Gideon School) sven wxh e
lightsst rain.  The gererzl probiems weatfed
with channels whers hey exist can Be summed
mp a3 guestiomebie or Gophozerd muers znd
imapproprie sizing of chemneds snd culvers.
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these instances s higher than the wnzdfoted

et thesehry influencing the guersl) g Ay
and drainaye patterns. This may be due b the
practice of filling over damayed witins wd
asphialting rather than ercavating these, sertion,
and taking up levels appregmiately. It say 2l
be due 10 the wphalting lechnigue which i
wsually cold-laid manually.

Speed Bumps
Thewve devices, for the comtro) of vehicular syt
which are not pan of the onginal street desiys)
tend to affect stres goometry, Where they zse
directly connected 1o the kerta (f any) witheu
leaving a small drainage gap, this effects free
flow of runoff alongside kerbn thereby cresting
umintended impoundment. It is ot surprising
therefore that with this ponding and vehicular
vibrations, pavement failure and potholes almont
always develop on the we of thewe bumps.
Examples are the bumps located on Kansome
Kuti Road in front of Unilag Consult Building
and in front of Unilag Sports Center,
Reactive  instead  of  Proactive  Street
Development. Site and services scheme enables
orderly urban development wherein access roads
and streets with appropriate geometry for
drainage and other requirements are built before
wholesale development commences.  This also
allows appropriate drainage channels  with
requisite inverts, outfalls, tie-ins and linkages to
be emplaced prior o development. However the
current practice of mostly reactive  street
development in which other developments far
outpaces proper street and drainage construction
will only lead to less than satisfactory street
geometry for drainage especially in Jow lying
areas.  Approving new building plans and
layouts with no field confirmation that street
geometry, necessary inverts and interconnections
are adhered to, leads to the current situation
where street runoff has few places to go.

Strategies for Abatement.

Possible strategies geared towards correcting
some of the identified deficiencies include
education, programmed comprehensive
resurfacing,  control of  indiscriminate
development  and  comprehensive  drainage
system coupled with timely evacuation of silt
and refuse.

Education

92

o Vimsssg, | nirsepny of agra Fiths | agn
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s iuns.  They vhepdd e w1
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the meed S comizet sramesans. i 10
cew shewuld te headed by spprrarisr sl
e,  Fhucaion of e pithee o sy
desirsthe evpislly rogmding pronss s
and ramng for s wo @ WA W G
surface drzinaye. Thin can eaily b doeyeed v
the bral councils theough the ks
engineering depantineits. Awaentss Lay s
cnvirommertsl | education  and
modificaion o  the publie o
reconmnended and implamesed in Folorumie
and Awenika (20 ) are equall y applicatie.

-

Programmed Comprehemsive Resurfacing
Apart from the piecemeal revurfacing. 2 baich of
welected  strests  drawn from wme bocal
governmen areas czn be comprenensively (e
in their entirety) resurfaced or rebuilt (22 Jure
Road.) 1 their original standards or better every
5-8 years in rtation. By rotation, veveral sireets
in many areas will be covered guer g period of
time. Alternatively, instead of the patchwork
approach hitherto used, striping down the failed
sections and building back 1o original levels with
undamaged sections can be adopted. This
approach has frequently been employed in the
repair of Sagamu-Benin Expressway
satisfactorily.

Control of Indiscriminate Development and
Comprehensive Drainage System: Site and
services along with comprehensive drainage
systern remains  good tools W check
indiscriminate  development.  Alternatively,
primary, secondary and tertiary control inverts
marked with beacons for both existing and newly
developing areas can be established and enforced
either through the state’s Surveyor General’s
office or engincering departments of local
councils. ‘This way these inverts become bench
marks for individuals and streets to tie into in
constructing their drainage channels,

Timely Evacuation of Silt and Refuse from
Channels: The removal of refuse from channels
has already been suggested in Folorunsho and
Awosika (2001). Timely evacuation of silt and
refuse so removed however cannot be over
emphasized. No benefit is served by removing
refuse from the channels 1o let them sit on the

-
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Fig. 2a Horizontal Alignment. '
Fig. 3. Superelevation. - - Platel. Street with convex crown
: and slope.
Plate 2. Irregular Cross and longitudinal Plate 3. Ponding resulting from roller-
slopes resulting in ponding. coaster slopes.
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Plate 5. Aswani Road exhibiting fair
fongitudinal slope with
wsiltation along, the edges.

Mate 4, Street edgen of higher levels
than the center ol street,

Plate 7. Bode Thomas 5t — siltation on

Plate 6, University load — siltation anidl
pavement edges,

non-evacuation of silt from edges,
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