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Abstract

Enhancing maintenance of urban roads is a condiliah helps to promote sustainable urban developniien
helps to put roads in good shape which in turnsigeoseveral economic, social, and environmentakbis in
urban areas. This paper sought to develop econtynieasible road maintenance interventions that ba
resorted to enhance the maintenance of urban matfa Municipality (Ghana). Data on four road ckssvere
used. These roads were Class A (major arterial)radass B (minor arterial roads), Class D (disttily roads)
and Class E (access roads). The HDM-4 economigsieahodel was used to process and analyse theTdata
overall data analysis of the roads was made tora®@@ year period starting 2013.

The following treatment options were found asahlé to enhance the maintenance and sustainabflity
urban roads in the study area: Class A - "70mnktbierlay for every 11years at intervention leveB®3 IRI",
Class B - "40mm thin overlay for every 9 yearsraiivention level of 3.91 IRI", Class D - "40mmrttaverlay
for every 9 years at intervention level of 4.04"|RInd Class E - "25mm surface dressing (reseafirggvery
12 years at intervention level of 6.22 IRI". It tkerefore recommended that public funds must bel use
judiciously with desirable portions allocated fon¢ly road maintenance to enable the roads pravideimum
economic and social benefits to the users.

Keywords. Ghana, Wa Municipality, road maintenance, suskdénarban development

1. Introduction

Roads are one of the major assets of every cauRtrgd network infrastructure provides economic and
social benefits for individuals, groups of peoglempanies and industries. It enables goods andcesrto be
delivered timely and effectively, as well as enfemfree movement of people. In urban areas, rolbnies are
particularly important because these areas harbmare than half of the world’s population and seagea
centre for businesses and many socio-economicitgsiwhich relies predominantly on roads. In gahet has
been found out that maintenance of roads enhancesomic growth and social benefits whilst poorly
maintained road system destructs mobility, incredke rate of accidents, and aggravates isolgtioverty and
vehicle operating cost (Emeasoba & Ogbuefi, 20A8¢ording to the European Union Road Federatio®920
road maintenance is essential short-term trangity that policy makers needs to pay particuksergion to
because it helps to enhance road safety and imprsweial welfare of the citizenry. Timely mainteocan
improves road condition, reduces road deterioratiehicle operating cost, provides safety, keepsl iervices
continuously and enhances environmental conditiBiodinson et al., 1998).

In Sub-Saharan African region, poor road mainteedras been found as a major problem that impedes
over all development in the sub-region. A studydiaried on Sub-Saharan African countries by Gwillignal.
(2008) revealed that the region has poor condilomads compared to other regions of the world. Jtaey
indicated that the region has only 204 kilometresoad per thousand square kilometres of land aidaonly
one quarter been paved. This condition fall shéthe world average of 944 kilometres of road pgeyusand
square kilometres with over half paved. The studighker showed that the spatial density of road$Sit-
Saharan Africa is less than 30 percent which islothan that of South Asia which is half paved, #mat of
North America which is two thirds paved. In additito this, statistics on the condition of urband®n Africa
shows that most of the roads in African citiessark-standard and plunged with many pot holes (@mnilkt al.,
2008; Kumar and Barrett, 2008). According to Kuraad Barrett (2008), many African cities have pgporl
maintained road network with insufficient servi@nés, deteriorating pavement, inadequate streftslignd
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presence of many pot holes. In many African citibs,percent of unpaved roads is very alarminge€guch as
Kinshasa, Ouagadougou, Kigali, Bamako and Darkee fumly 10 percent, 11 percent, 12 percent, 24eperc
and 30 percent of their road networks paved resgdgt(Gwillian et al., 2008). The resultant effedtave been
inefficient road network and the occurrences of ynaad accidents.

The situation in Ghana is not far from other saw8an African countries which are struck with poor
road maintenance. Statistics shows that only 28emtrof Ghana’s road network is in good condition 86
percent are in poor condition as against natioxpéeted level of 70 percent good and 10 percent (dational
Transport Policy, 2008 as citied in Tengey, 2008hana as a country after independence witnessed a
tremendous growth of road network due to higheictdar population coupled with high population gtovand
large scale industrialisation (Dauda, 2012). Tlds breated massive road congestion and therefdtedsthe
government attention from maintenance of existimadrnetworks to new developmental road projectgravia
chunk of road fund budget is diverted to. Theseetigomental projects include; opening of accesssoszhd
widening and road extensions. The little attengyiven to road maintenance in Ghana has caused moaulg
especially urban roads to develop weak structwaphcity resulting in numerous road defects likenplas, hair
cracking, rutting, depressions, break down of paar@mand destroyed drainage systems (Owusu-AcltRahg;
Tengey, 2009). Despite these road maintenanceqzbin Ghana not much effort or studies have beeted
out to come up with optimal road maintenance irgations to improve the situation. It is therefogaiast this
backdrop that this paper is put together to providel maintenance interventions to address thisvlatge gap.
Taken into consideration limited funds for road m@nhance in Ghana, the objective of this papeo idetvelop
economically viable road maintenance interventitvet Ghana can resort to enhance the maintenanite of
urban roads. The paper is centred on Wa Municipaiibich is grappling with severe road maintenance
problems as a case study. Over 60 per cent ofodie metwork in Wa Municipality are in poor conditiavith
many of them not paved (Wa Unit of Department dfdur Roads, 2006).

2. Sustainable Urban Development and the Concept of Road M aintenance

Sustainable city is a development approach thavvg receiving much attention in the world and been
championed by many international organisationsuuticlg the World Bank and United Nations. After the
Brundtland Commission (WCED, 1987) conceptualisastanable development to mean “development that
meets the needs of the present without compromthim@bility of future generations to meet theimomeeds (p.
43)", this ideology have been transferred to adhiggustainability in several dimensions of the ivancluding
urban development. Dwelling on the Urban 21 Comfeeeheld in 2000 at Berlin, Antrop (2006) defined
sustainable city as a city that strive to achiewality living standards in various components @& tity such as
economic, social, ecological, cultural, politicalnd institutional aspect without leaving a burden foture
generations. Zheng (2005) gives broad charactsistif sustainable cities to include features sush a
maintaining balance among resources, promote spagiress, economic use of resources, ecologicalrisg
flee flow of resources between inner and outer mrbgstem, and in all satisfying the needs of urban
development at present and at the same time metingity’s future needs. Characteristic featunashsas a
compactness, mixed land-uses, high density, diyensiactivities, and sustainable transport systewe also
been highlighted to support sustainable urban dgwveént (Jabareen, 2006; Dumreicher et al., 2000).

Urban form theory which support the realisatioi sostainable urban development advocate for
compact transport system, living styles, and highsity energy efficiency as vital requirements wustainable
urban development. It further emphasize that urb#stainability depends on the natural conditionsirbfan
environment such as the urban scale and topogmipimpan land use, and other conditions includhegproper
functioning and structure of urban land use, anddroetwork structure (Zhao, 2011). Sustainable rurba
transport takes greater part in the quest for satée urban development as all aspect of urbaeldpment to
some extent utilises transport network (Barrett96)9 In the pursuit of sustainable urban transpgenda,
emphasis is most often given to public transposdtesy, and measures that favours cycling and walking
(Jabareen, 2006; Kenworthy, 2006). However, the228arld conference on sustainable development dilibbe
Rio+20 emphasized on the need for various sustirddvelopment agendas to focus much attentioroad r
safety (Watkins, 2012). This is because thousahdslividuals are lost each year through road satisl and as
a matter of fact road network takes a chunk ofvimous transport modes in the world with sevesledopment
activities depending on them. This makes it impeeator various countries and cities of the wortddembark
upon regular road maintenance to keep their roagank in good shape to enhance the welfare of #eerpl
public. According to Watkins (2012), maintenanceadd network support sustainable development anthat
matter sustainable urban transport by way of misimg casualties on roads, ensuring efficient movenoé
people and goods, improving social equity, heaktsijlience of cities, urban rural linkage, and prctdity of
goods and services.
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In managing road network, Hooper (2001) has poiatgdthe following maintenance principles as caitithat
must be taken into consideration to ensure theieffty of road network:
+ Network safety coupling with statutory obligatiomdameeting user’s needs;
+ Network serviceability as to ensure availabilitychieving integrity, monitoring reliability and
enhancing quality;
+ Network sustainability which includes minimizing stoof overtime, maximizing value to the
community and maximizing environmental contribution
Road maintenance activities or works have beeneginalised by the World Bank (2011) to generallyeso
four key activities such as routine, periodic, spleand development works. The routine works ardeutaken
very frequently on roads especially on yearly bas®s normally takes the form of cyclic and reactivarks.
Works undertaken of roads whose frequency is détednby the maintenance standards constitute thikccy
routine works. Typical examples of this form of tioe maintenance include culvert cleaning and vergéng
which are mostly reliant on environmental effecther than on traffic levels. The reactive workstloa other
hand covers works which intervention levels definedthe maintenance standards are used as a check t
estimate the time maintenance is needed. Roadipgtchrried out to address problems of cracks tthptes
on roads are common examples of reactive works.

Periodic works as the name suggest are undertakeziatively longer intervals but on regulateddim
frame. Resealing and overlay works carried ouegponse to measured deterioration in road conditiffers
classical examples of periodic works on roads. Bpeeorks which is another category of road maiatere
activities are undertaken to address unforeseenems on roads that demand immediate attention 8ol
& Ogbuefi, 2013). They do not have specific peritdat they are performed but undertaken when thesl ne
arise. In view of this, it is sometimes referredat emergency works. Works which requires urgeenhtbn
such as removal of fallen trees which destructs flew of vehicles, destroyed culverts which blockads,
broken down vehicles, and road works to addreskl@nes of landslide all fall under special/lemergenoyks
on roads. Development works or activities on theeohand cover all road construction activitied #ra within
the development plan of an area. Typical examplthigfactivity is the construction of by-passesdeviing of
road carriageways, tarring of roads in villages] amany more (World Bank, 2011). All these maintergan
activities comes together to enhance the saferfassmds and makes roads easily accessible for afiner of
activities (economic, social, environmental) to o the sustainable agenda of cities.

3. Methods and Data

The study was carried out in the WA Municipality Ghana. Wa is the capital town of Upper West
Region of Ghana. The Region shares boundary tdNtreh with Boukina Fasso. The Wa Municipal area is
bounded to the north-east by Wa East District, morést by Nadowli District and south-west by Wa Wes
District. It serves as a transportation hub forribeth western part of Ghana with major roads legutdo Kumasi
in the south, north to Hamile and Boukina Fassathaeast to Tumu and Upper East region (Wa Muaicip
Assembly, 2012). Figure 1 shows the location of Mianicipality within the context of Ghana and figuze
provides detailed structure of the road networther municipality. The area has an estimated taipufation of
107,214 people with a growth rate of 1.9 per cemtgmnum (Ghana Statistical Service, 2010).
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Figure 1. Map of Ghana showing Wa M unicipality in regional and national context
Source: Aduah & Aabeyir (2012)
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Figure 2: Road network in Wa Municipality
Source: Ahmed, 2011

The study was quantitative in nature and utilideel World Bank’s Highway Development and Management
(HDM-4) analytical model to analyse the data ancheap with economically viable road maintenancadsad.
This model was used due to its strengths in ptiediduture road conditions and determining theurszd
maintenance treatment, prioritizing investments m@gna@ompeting projects under budget constraints, and
forecasting pavement performance and road usectdferali, 2000). The analysis of the paper codeal the
various classes of roads in Wa municipality. Thesals were road class A (representing major attexés),
class B (Minor arterial roads), class D (distribbuto collector), and class E (access or local rpdésge possible
periodic maintenance treatment types were usettasative interventions namely 70mm thick overldgmm

thin overlay, surface dressing (resealing), anadmstruction as well as patching of severe damaga. arhese
were prioritised according to the road class aaffitrloading. Routine maintenance treatments sichatching
and miscellaneous routine works were budgeted atgwras base case scenario. In order to develop
economically viable road maintenance intervals thlitwithin the annual budget of Ghana, the 20h0ual
budget allocated to Wa municipal roads unit towaodgine and periodic maintenance activities wéisdeupon

in the paper. Data for the paper were obtained f@irana Highway Authority (GHA) and Department obéin
Roads (DUR).

In arriving at economically feasible maintenanteilventions, various economic evaluation analgses
suggested by Kerali (2000) were conducted. Thesdyses included the calculation of Net Present ¥alu
(NPV), Internal Rate of Return (IRR), Cost Bendtitio (CBR), Total Net Benefit (TNB), Present Valok
Agency Capital Cost (CAP), and Road Agency Coa®GR Road data considered for configuration in the
HDM-4 model included traffic volume, vehicle comgam, and vehicle operating costs in addition tng
parameters from HND-4 default values such as laté&wnal Roughness Index (IRI). Other parameters
considered were condition data in terms of rougbnpavement types, maintenance alternatives armd uhi¢
costs, budgets, climate and road construction tyistedditional data utilised were 10 per cent discbrate for
30 years analysis period, flat straight road atlegal representing roads in flat/ rolling terraiise and fall
30m/km and curvature of 50 deg /km. Others were @BR to 10 percent based on road class and stalctu
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number between 0.95 and 3.0 from HDM-4 default wiitial level of roughness taken to be 2 IRl aachtinal
at 12 IRI where rainfall level reads 200mm/ month.

A comparison of maintenance alternatives were gotedi with the base case been the ‘do minimum
scenario’. In this regard, the routine maintenanas used as the ‘do minimum alternative’ to repreiee base
case only against other periodic treatment alteresit This was applied to all the various road s#asto
determine the best maintenance treatment altegsasivitable for the various roads. The roads wategorised
into treatment standard with treatment cost. Tleatment standards specifies the various treatmgtinns
applicable to the road classes based on initiaghnass of 2 to 4 IRI. Intervention levels for tegog
maintenance were defined whereas maintenance aperatuch as patching, edge break repair, and other
routine works were scheduled and triggered annually

4. Resultsand Discussion
The results generated by the HDM-4 economic maglelposed for each of the road classes (Road

Class A, B, D and E) the optimal economic mainteeaimterventions that can be carried out to enhanee
sustainability of the roads. These results reflebts outcome of rigorous economic analysis thak tiomo
considerations various road treatment options aditators such as total transport cost, the averagdition of

the pavement surface in terms of progression ofa@eeroughness by section for both "before treatraad
after treatment” under deterioration and worksatff&éhe percentage area of carriageway damagedkioog,
number of potholes and schedule alternative intéiors were also factored in. Table 1 gives a suryrofthe
results provided by the HDM-4 economic model fotimal road maintenance interventions in Wa Munitipa
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Table 1: Summary of results from HDM -4 analysis on proposed maintenance standar ds

Road Class |Treatment Alternative tte|IRIkm/m B/T |IRlkm/m A/ T |% Cracks No. PoH|Total Net Benefit
A Base alternative (Routine Only) 1319.946
Paich Severe Damage Areas 1464.329 -144.383
Reconstruction 1310.291 9.07 1.2 49.51 343.01 3.655
Surface Dressing (Resealing) 1280.319 26 2 3.56 2.57 39.127
70mm Thick Overlay 1280.547 3.63 13 44.04 33.03 35.399
40mm Thin Overlay 1279.579 2.78 1.8 10.19 2.65 40.367
B Base alternative (Routine Only) 485497
Patch Severe Damage Areas 529.878 -44,382
Reconstruction 486.011 11.52 1.2 454 400.72 -0.514
Surface Dressing (Resealing) 466.289 3.32 25 11.51 2.63 19.207
70mm Thick Overlay 466.615 4.77 1.86 454 70.39 1B.882
40mm Thin Overlay 464.705 3.91 1.3 37.08 16.13 20.791
D Base alternative (Reutine Only) 187.194
Patch Severe Damage Areas 205.856 -18.663
Reconstruction 195.924 16 14 48.52 869.52 -8.73
Surface Dressing (Resealing) 181.634 377 2.5 30.17 1.76 5.56
70mm Thick Overlay 182,303 5.63 2 49.36 131.96 4.691
40mm Thin Overlay 181.475 4.04 2 40.34 10.05 5,718
E Base alternative (Routine Only) 61.741
Patch Severe Damage Areas 65.819 -4.078
Surface Dressing (Resealing) 58.989 6.22 25 49.31 108.2 2.752
70mm Thick Overlay 60.689 12.24 25 483 362.79 1.052
40mm Thin Overlay 59.387 745 2.5 49.31 170.98 2.354I
Ttc=Total Transport Cost
8/T=Before Treatment
A/T = After Treatment
No PoH = Number of Potholes

Source: Data analysis (2013)

4.1 Road Class A (major arterial roads)
From Table 1, 40mm thin overlay treatment optippeared the most optimal choice. This was to be

applied when the roughness on the pavement sudawdition reached 2.78IRI and should be performed a

every 8 years intervals to obtain a predicted roegh level of 1.8 IRI after the intervention. Oth#ernative

interventions such as application of 70mm thickrtayeat every 11 years and surface dressing attadaary

6year (6.4 years) proved equally economically \@alnl terms of their net present value (NPV) andiltot

transportation cost. They had marginal increasemgancy cost and less road user cost, hence hpusitve

results in the following parameters: NPV/RAC andWPBAP (Table 2). The value for the IRR showed an

increase above the discounted rate which was 4€%at
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Table 2: Summary of economic indicatorsfor Class A roads

reseit Present
Value of Total ﬁ::;f lncr:;:;c': De::;flasier Exogen::: Net Present value NPVICost|  NPVICost Ime{:::e?::;
Agen NPV=B +E + C)| Ratio(NPVIRAC) RatioNPVICAP
06NCT | coacosts|  Cost(C)| Cost (C) Benets ) e+ O FalolPVRACHRatolIPVCAR) -
Costs (RAC)
(CAP)
Base
_ 0.006 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Atemative
maseee om0l oo eeel oo ol ool mocd oS
damage areas
Reconstruction 0,769 047 0,75 1971 0.000 S730 417 1169 S1Q)
54 2111 2104 2108 1,665 0.000 5,560 2634 264 02(1)
Thick Overlay 1550 1547 1.545 64% 0.000 489 315 3,161 05(2)
Thin Overlay 2083 208 2018 17% 0.000 5718 2748 21 N5Q2)
Figure in brackets is number of RR solutions in range -90 to +900
Source: Data analysis (2013) SD: Surface dressing (resealing)

However, application of reconstruction at everyyZhrs showed the least value of NPV and had adinit
economic benefit as a result of subsequent suspe$imaintenance activities (Table 2). This reedemuch
increase on road surface deterioration which asaltrincreased road user cost. In other way radbisdmeans
that the condition of the pavement has not detetgok enough to the extent that needs reconstruction
Application of such treatment could be a waste efources. Furthermore, patching severe damaged area
triggered at every month when five potholes devetbpt every kilometre produced similar resultshestiase
case. This outcome can be due to the criteria tsethedule the patching operations on the roaérpant
surface. This suggests that this option shouldbeotised as final treatment alternative but rathereasure of
temporary intervention to improve surface qualityaéing other periodic maintenance treatment.

All the three chosen treatment alternatives (40thin overlay, 70mm thick overlay, and surface
dressing) proved viable but ideally only one shobé used. In view of this, thorough analysis waghtr
carried out on the three treatment alternativesetect the optimum economic treatment among theased on
the findings of the paper, the 40mm thin overlapliggl in every 8years had 10.19 per cent crackihf5
number of potholes, intervention level of 2.78 IRital transportation cost of 1,279.579 million pds, and
total net benefit of 40.367 million pounds. Wittspect to the 70mm thick overlay, it was applicablevery 11
years with trigger intervention level of 3.63 IRlhad about 33 number of potholes developed wipermentage
cracking level of 44.04. This clearly indicated tththe carriageway has deteriorated enough to warran
intervention. Surface dressing on the other hanslsedto be used in about every 6 years (6.4 yatgsjrigger
level of 2.6 IRI. At this level, the pavement sadaexperienced only 3.6 per cent of average crgcknd about
3.0 numbers of potholes. This showed only limitededoration and therefore proved not to be a goualce.
From engineering point of view, the 40mm thin d&grcontains the highest total net benefits andehst total
transport cost, however cannot be the best chaiedalthe following reasons:

+ Class A roads contains heavier axle load truckscéé¢hin overlay may experience early cracks,ngtti
and shoving.

+ The numbers of potholes and cracking set for stahubatrigger intervention like 40mm thin overlaty a
that particular period have not been met baseth@tetel of pavement surface deterioration recarded

+ Applying this option may cause waste of resourdesesthe condition warrant for only patching atttha
period.
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It was realised that the 70mm thick overlay hasoagér period to commence intervention and enough
deterioration which can resist free flow of traffimpede comfort, and safety. Delaying such cooditmay
escalate cracking percentage and number of pothdiesh can lead to reconstruction, therefore thlisdition

calls for intervention and represent a fair disttibn of transport cost for both road agency amaldrasers.
Overall, since the major arterial roads in the WianMipality have high traffic loading with heavytgwehicles,
70mm thick overlay appeared to be the best roadhter@nce option and serve as a strategy to maximise
benefits to road users.

4.2 Road Class B (minor arterial roads)

Application of the 40mm thin overlay in every 9aye was selected as an economically optimised
alternative from the HDM-4 results. This impliesathapplying such treatment would provide accurating
quality to vehicle operators. It further reduceddouser cost and then has the maximum net bersfits
compared to the other alternatives such as sudeessing (resealing), 70mm thick overlay and retangon.
The surface dressing was applicable in about eveygars (7.3 years) with an intervention level &23IRI.
The 70mm thick overlay triggered in every 12 yeatran intervention level of 4.77 IRI whilst the oastruction
was applicable in every 23 years with interventierel of 11.52 IRI. Analysis in Table 3 showed thath the
exception of reconstruction and patching of damayeds which were considered to be non-feasikierms of
not having adequate economic benefit, the threeroditernatives had almost the same net benefital t
transport cost and NPV's.

Table 3: Summary of economic indicatorsfor Class B roads

Present Present
\ .
Value of Total :agl:;c:;f Incr:;:zé: Deicnrm: Exogen::: et Present value NPVICost NPVICost Inte;n ;L?:::
A HPV=B + E + C)| Ratio(NPV/RAC) [Ratio(NPVICAP
O0CY | cotalCosts|  Costs(C)f Costs (C) Benefits () ot 0| OMPVRAC)RatioliPVICAP) - o
Costs (RAC|
(CAP)
fase
_ 0,008 0.000 0000 0,000 0.000 0,000 0.000 0.000 0,000
Atternative
poch severt oo | oo oo aezm|  oow 4 20282 zemoost Mo Souton
(damage areas
Reconstruction 2210 224 2262 1.748 0.000 0514 -0.226 0.231 96(1)
R 6,328 §.321 6321 25528 0.000 19.207 3,035 3,039 293(1)
Thick Cverlay 4,268 4.285 4200 23182 0,000 18,682 4403 4407 21
Thin Overlay 5128 5127 5120 25911 0000 20791 4,085 4.0% %8(1)
Faure in brackets is number of IRR selutions in range -90 to +900
Source: Data analysis (2013) D: Surface dressing (resealing)

In pursuing further to select the optimum mainte®aalternative, it was observed that the level of
cracking before intervention commences varies am@amipus treatment options. This might have a datien
with the period of intervention. On surface dregdiresealing), the percentage of cracking and évemumber
of potholes looked so limited to call for interviemt. This is because applying such intervention trénsfer all
the cost of the intervention from the road userthagency which is not appropriate. The 70mnktbicerlay
had about 50 per cent of cracking and about 70uB8bers of potholes. This could increase the rousghievel
along the pavement surface before the commencemfigmtervention. In this case, the road agency inarysfer
the cost of the intervention to the road userscbesuch standard may not be a better choice. Gansidthe
application of 40mm thin overlay, the condition thie road surface after 9 years experienced theiregu
deterioration that can warrant an intervention aeasonably economical to both the road agencyttamdoad
users. This intervention served as an ideal economm@atment to be applied. The application of the
reconstruction treatment option resulted in thaiathent of the highest total transport cost andefioee not
economical. This was not a good road treatmentoopkdr the minor arterial roads in Wa Municipalitip
engineering perspective, it implies that the road hot deteriorated to an extent that warrant icaction or
the permissible interval is too long before intemi@n commences.
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Furthermore, regarding deterioration and worksaffit was realised that the application of thevab
treatments as interventions indicate a total rédocof roughness on the road carriageways. Fomiitst,
application of 40mm thin overlay every 9 years apglication of 70mm thick overlay every 12 yeardused
roughness level from 3.91 and 4.77 IRI to 1.8 I&dpectively. The application of surface dressinghenother
hand gave a reduction of 3.32 IRI to 2.5 IRI asvahin Figure 3. Based on the analysis of the HDNhddel
and the finding of the paper, the application ¢f #Omm thin overlay maintenance option was foundhas
optimal economic maintenance option for Road Class
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Figure 3: Average roughness by section graph
Source: Data analysis (2013)

4.3 Road Class D (distributor roads)

This road class had similar maintenance reswesribad class B. This can be attributed to thelami
nature of the traffic capacities on the two camiagys. The optimised maintenance treatment fronHbM-4
results proposed 40mm thin overlay to be a higleenemically justifiable option to provide benefftsr this
road. Among the various treatment options suchaashng of severe damaged areas, reconstructiofacsu
dressing, and 70mm thick overlay, the applicatibA@mm thin overlay applied in every 9 years witlrigger
roughness level of 4.04 IRl was recommended orb#ses of haven the highest NPV and less totalgoahs
cost. Comparatively, the 25mm surface dressingieg@bout every 8 years (7.8 years) at 3.77 IRl Zmdm
thick overlay applied every thirteen (13) year$#&3 IRl were equally best options since their 1sgviin user
cost were much higher with almost equal benefitd tmtal transport costs. Considering the other patars
such as percentage cracking and number of pothidesloped on the carriageway, surface dressingléssd
than the number of potholes that warrant intereenbut had enough cracking. Since cracking graduate
potholes on pavement surfaces when left unattefateal longer period than creating serious roughnasface
dressing ended up not been the best choice. Inabe of applying 70mm thick overlay, the pavemenfase
had numerous potholes with almost 50 per cent argckrhis may escalate road user cost and hence not
recommended for use. Consequently, the 40mm thémlay fall within the predicted number of potholekich
require intervention and a reasonable percentagekioly. Further increased of time may cause metipf
potholes and increased excessively the roughnesk la this case, 40mm thin overlay was recommdradethe
best option to apply.

Reconstruction occurring every 25 years with 1RI0resulted in negative NPV and high total tranmpo
cost. This was because it had higher agency cast $hvings in user cost. This takes a longer pdyafdre
maintenance can be applied and therefore brind®higpst to road users. It was observed that thkcation of
reconstruction treatment option on various roadsga was not economical. The following reasons carhas
plausible cause for that:

72



Civil and Environmental Research www.iiste.org

ISSN 2224-5790 (Paper) ISSN 2225-0514 (Online) LIHliI!
Vol.3, No.12, 2013 “s E

+ The period of applying reconstruction seems todmelong. This cause the road to deteriorate to an
extent that it increases the vehicle operating. cost
<+ The traffic capacity and the loading on the roadsrmt so high enough to trigger for reconstruction
+ The level of deterioration was too low and hencpliagtion of reconstruction might be a waste of
resources.
Analysis of the extent of deterioration and workfe& on the Class D roads demonstrated that tlael ro
experienced reduction in roughness whenever tleteeatment intervention. This implies that applara of
treatment alternatives reduce pavement surfacehrmsgg and hence provide quality riding on the mathces.
This on other hand reduces vehicle operating ¢mstel time cost; enhance safety and comfort, asdlts in
reduction of accident cost. This is contrary tochatg of severe damage areas which ought to bdeapipl
every three months. This gives the same level afit@aance as the base case (routine only) with stlisimilar
total transport cost. The implication is that tiafiolume per day and the loading applying on tbadr
carriageway are too high to be sustained by onlitime activities and pothole patching. All theselgmis
supported the application of the 40mm thin ovedayhe optimal treatment option for Road Class D.
4.4 Road Class E (access or local roads)

The optimal maintenance intervention predictedtiey HDM-4 model for local roads carrying low
traffic volume was the application of the surfacessing (resealing) every 12 years when roughmiggreted at
6.22 IRI. The other maintenance option that cammsesl to this intervention was the 40mm thin overlay
applicable in every 14 years when surface roughtngggered at 7.45 IRI. In this regard, the 70micktoverlay
applied every 19 years when the level of roughmesg 12.24 IRI has a limited NPV as shown on Tahle
Surface dressing (resealing) and 40mm thin ovettagtment options were found to provide maximum
economic benefits when applied to improve the gdjomality of “Class E” roads.

Table 4: Summary of economic indicatorsfor ClassE roads

Present Present
Value of Tofal T’gl::;f [ncr:;:;;: De::;;:s:r Exugen::st Net Present value NPVICost  NPV/Cost lme;:;':::
Agenc IPV=8+E + C) | Ratio(NPVIRAC)| Ratio(NPVICAP
getky Capital Costs|  Costs( C){ Costs(C)( Benefits (E) [ ) el ato | (IR
Costs (RAC)
(CAP)
Base
. 0003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Alternative
MOSERE ol o] ams| 4| o AN el mmoos| Mo Souder
damage areas
Rl 0511 048 0508 1281 0.000 218 5% £.709 I
Thick Overlay 0310 0.308 0.307 138 0,000 1082 3 5418 18902
Thin Overlay 0464 0463 0462 2816 0.000 2354 5,069 5,088 B
Figure in brackets is number of RR solutions i range -90 1o +300

Source: Data analysis (2013) D: Surface dressing (resealing)

In terms of patching severe damaged areas, negasults were obtained in all parameters which tesnlted
in zero cost at NPV/CAP and no solution regardiR® I(Table 4). Since the road contains less tragficface
dressing (resealing) came out as the best recomedemaintenance option to be used. The reason tightba
intervention period occurred when potholes levetéased (about 108) with 50 per cent surface angcKihis
made it an ideal choice to reduce total transportatost and provide much road user benefit.

Regarding deterioration and works effect, thedraarface condition improved as soon as an
intervention occurs. The application of surfacesdieg (resealing) treatment option resulted inrtael surface
condition improving to the level of 2.5 IRI. Thiapidly rose again within few years before the sahexti period.
Although some deterioration occurred on the roadHtia was not significant. The deterioration cobnéda result
of the base material not having enough strengthvitbstand the increase in traffic or effects of thea
condition during rainy season.
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5. Conclusion and the Way Forward

The paper has demonstrated that the road netwdfkai Municipality is in precarious condition which

is contrary to the road safety campaign been chamepi by United Nations (Watkins, 2012). To imprake
road condition in Wa Municipality (Ghana), the papkscovered some economic optimal road maintenance
treatments that have to be undertaken. For Classads (major arterial roads), the application & #mm
thick overlay for every 1lyears at interventiondewof 3.63 IRl came out as desirable maintenareatiment.
For the other road classes the following resulteevedtained: Class B roads (minor arterial roadgDmm thin
overlay for every 9 years at intervention level3091 IRI", Class D roads (distributor or collectmads) -
"40mm thin overlay for every 9 years at interventievel of 4.04 IRI", and Class E roads (accedsaal roads)
- "25mm surface dressing (resealing) for every &ary at intervention level of 6.22 IRI". The implion of
these findings to the sustainable development of Maicipality is that to put the area on firm graisnto
pursue its sustainable agenda, much attention gHmilpaid to frequent road maintenance activitieh sas
those discovered by the paper. This is becauseremark serves as important infrastructure thetually all
the activities in Wa Municipality depend on.

To enhance the road maintenance situation in Waidiality the following recommendations have
been suggested. Budgets allocated for road maimtenshould be aligned for specific maintenancevitiets
such as for paved and unpaved roads. This willrensiiicient value for money and that the road rekwill
receive enough funds for economically justified mbanance works at affordable standards, and timely
execution and completion by contractors. The mamage of the Department of Urban Roads must setasid
funds to conduct regular inventory and road coaditsurvey. This will help to frequently update itsad
network data records, and identify the various sa&dt need urgent maintenance. Budgetary allot#toon the
Road Fund Secretariat of Ghana for road maintensimoeld be based on the needs of maintenance gptith
various road classes than depending on availahilftffunds due to budget constraints. The Road Fund
Secretariat, Ghana Highway Authority and Departneéiidrban Roads should collaborate to find pratticays
that various urban roads can be managed commgrtadienerate much funds for road maintenance.

In sum, the paper ends with advisory remarkstti@troad agencies in Ghana should not wait forrurba
roads to completely deteriorate before applying \theous maintenance interventions. Embarking gfular
maintenance works will save much money than allgwtime roads to totally destroy before coming uphwit
measures to save the situation because "preveasatimiter than cure”.
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