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particularly in rural areas and the associated implications to rural economies. The
present study therefore used visual observations and field-based measurements to assess
the physical, environmental and anthropogenic factors affecting Minor roads (R3), Collector
roads (R4) and Local roads (R5) in four rural communities in the KwaZulu-Natal Province,
South Africa. The function of these road classes is to provide access from homesteads to
main roads that connect rural areas to towns. In this study, two classification methods were
used to rate the severity and extent of each surface distress on each road class. Results
indicate that there was more than one surface distresses identified and assessed on each
road class within the selected communities. It was noted that all the road classes had
moderate to severe surface distress, except for the R3 road class in Emazabekweni
community, reflecting problems associated with poor drainage systems and maintenance.
Visual observation and field-based methods are useful tools that can aid in identifying and
assessing the physical conditions of unpaved roads, as well as possible environmental,
physical and anthropogenic factors at interplay, especially in resource limited regions. This
study recommended that road authorities should ensure that proper drainage systems
should be well designed; constructed and maintained on all gravel roads in order to reduce
surface deterioration associated with runoff.

Keywords:

Rural road conditions,
Socioeconomic impacts,
Poverty, Road authorities,
Rural access.

JEL Classification:

© 2016 The Authors. This is an open access article under the terms of the Creative Commons Attribution License 4.0, which
allows use, distribution and reproduction in any medium, provided the original work is properly cited.

DOI: http://dx.doi.org/10.18533 /rss.v1i2.24.

1.0 Introduction

The prioritization and improvement of rural infrastructure is important in developing countries in order to
uplift the socioeconomic conditions experienced by communities (Songco, 2002, Briceno-garmendia & Estache,
2004; and Bhattacharya et al 2015). Research done on the importance of rural roads on the economic growth
and rural prosperity of communities suggest that improving and expanding rural roads directly increases
economic opportunities (Van de walle, 2002, Faiz, 2012 and Porter 2014). In addition, good investment in rural
roads yield substantial socioeconomic benefits in terms of improved regional growth, as they allow for the
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movement of agricultural and non-agricultural goods and services between producers and markets in and out
the communities (Connerley and Schroeder, 1996; Hanmer et al, 2000; Mwabu and Thorbecke, 2004; Hettige,
2006). For example, a review paper by Faiz, (2012) indicates that in the last decade the improvement and
expansion of rural roads in China has had a major impact on their agricultural productivity. In addition, the
review stated that well-maintained rural roads enable people to have better access to social services such as
health and education facilities, including the movement of labour between residence and the workplace.
According to Chambers (2014), the benefit of improved rural road networks has resulted in an increase in
urban-rural migration in developed countries, since people make decisions to migrate based on proper
infrastructure and access to potential socioeconomic opportunities. In support, Kilkenny (1998) argues that
improving rural access attracts new development opportunities, thus decreasing the socioeconomic cost of rural
life. However, the controversy is that most studies have assessed the positive impacts of improving rural roads
from unpaved to paved roads surfaces.

Research by Alzubaidi and Magnusson (2002) and Zhang and Elaksher (2012) suggest that there have been
limited studies undertaken on the impact of unpaved rural roads on the livelihoods of rural people. Moreover
there has been a massive slump in research done on gravel roads in developed countries such as Sweden,
Norway and Switzerland, when compared to the studies which were done in the 1930s to the 1940s (Alzubaidi
and Magnusson 2002). Similarly, research done in South Africa mainly reviews the possible socioeconomic
benefits associated with improving the conditions of paved roads. However, limited studies exists which
document the conditions of unpaved or gravels roads, particularly in rural areas and the associated implications
to rural economies (Bond, 1999). For instance, literature shows that in the Eastern Cape Province, people from
these rural areas travel at least ten kilometers to reach the main roads that link them to the major towns (Porter
et al. 2010). The study by Nkomo (2014) has revealed that poor rural infrastructure such as road networks
makes it difficult for accessing rural areas in most parts of South Africa. This finding is in line with the works of
Chamberlin and Jayne, (2012) who indicate that poor road networks in rural areas usually binds these
communities into perpetual poverty. It is therefore clear, that the presence of well-developed rural road
networks enables communities to develop and sustain their livelihoods (socially and economically). Statistics
suggest that about 10% of the rural population has migrated to urban areas from 1990 to 2011 in South Africa
(Potts, 2013). Findings by Chambers and Conway (1992), Tacoli (2003) and Miheretu (2011), argue that there
are a number of reasons why rural people migrate to urban areas, but fundamental to them is the issue of poor
infrastructure service. Globally, research indicates that despite the advancement in technology, it is yet not
possible to obtain an accurate method used to assess the conditions of rural roads (Faiz, 2012). Moreover, the
available studies have either focused on roads or rural economies separately, and this does not provide a clear
picture on the link between the state of rural roads and associated economic implications. This therefore
requires further insight. Also, literature states that countries continue to use rudimentary methods to assess the
conditions of their rural roads (Faiz, 2012). The present study therefore seeks to use visual observation and
field-based measurements in order to assess the conditions of gravel road networks in selected rural
communities in the KwaZulu-Natal Province of South Africa. The overall purpose of the study is to assess the
physical conditions of the gravel road networks in rural communities with the purpose to understand the
physical, environmental and anthropogenic factors that influence the state of rural roads.

1.01  Overview of rural roads in South Africa

Research suggests that only 34% of the rural people live within 2km of all-season roads in Africa, when
compared to 65% in other developing countries (Roberts and Rastogi, 2006, Chamorro and Tighe, 2009). Hence,
Figure 1 shows the percentage of Rural Accessibility Index (RAI) in selected African countries. The RAI is an
important transport headline indicator which estimates the proportion of rural people with access to adequate
transport systems (Roberts and Rastogi, 2006).
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Figure 1: List showing the percentage of Rural Accessibility Index in selected African countries (Sethi,
2008).
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It can be noted from Figure 1 that more than half of the selected countries fall below the 50% margin for the RAI,
of which rural communities in Sudan, Burundi and South Africa are the least accessible. Although the RAI
findings do not provide an indication of the conditions of rural roads and demographics characteristics of each
country, they provide a comparative overview of rural accessibility in selected African countries. The above
findings become extremely important in understanding socioeconomic conditions of rural communities since
studies indicate that more than half of the population in Africa still resides in rural areas (Sahn and Stifel, 2003,
Cohen, 2006 and Beegle et al. 2016).

Approximately 80% of rural road networks in South Africa are gravel roads (Gwilliam et a/, 2008). Smith and
Visser (2001) and Lishman (2013), state that rural networks consist of 301 000 km (gravel) and 63 000 km
(surfaced) roads in South Africa. Although, rural and urban roads differ in terms of their scale and standards,
they have the same functional purpose (Committee of Transport Officials, 2012). Rural roads are known to have
lengthier spreads of connectivity than urban roads (Committee of Transport Officials, 2012). Hence, rural roads
in South Africa are classified into two categories and these are based on their main function (Committee of
Transport Officials, 2012). Firstly, rural mobility roads connect areas that are large traffic generators (such as
cities, towns, villages). Secondly, rural access or activity roads provide access to individual properties, which
include farms, settlements and other outline areas. Table 1 provides an overview of the criteria used to
differentiate between the classes of rural roads in South Africa (Committee of Transport Officials, 2012). Even
though the road functional characteristics provided below are applicable for South Africa’s roads, this
classification system is used worldwide.

According to Lay (2009), geometric design standards adopted by the South African road authorities, were
derived largely from American practices. Although authorities still follow the same American principles, road
design and construction practices became localized in order to address South African conditions. The
Department of Transport (DoT) is the main government institution that oversees the regulation and delivery of
transport services in South Africa (Wenzel, 2007). The National Land Transport Act of 2009 is the main piece of
legislation that governs all policy and planning matters related to roads in South Africa. The DoT has established
a number of key public entities [including the South African National Roads Agency (SANRAL)] to help deliver
on some of the core government’s operational activities. All public entities are responsible for different sectors
within DoT. For instance, SANRAL manages only activities related to national roads (Mashiri et a/. 2002). Other
roads are managed by the lower spheres of government and these include; provincial and municipal offices.
Rural road networks of interest in this study fall within the roads which are managed at municipal offices.

The recent 2013/2014 financial year report indicates that provinces and municipalities offices received a sum of
R18 billion for road construction and maintenance, accounting for 40% of the R42.3 billion allocated to the DoT
(Statistics South Africa, 2014). Moreover, the DoT is estimated to have received a 6% increase for the 2015
financial year. Although a substantial amount from the total budget is allocated for provincial and municipal
offices, there is limited research that exists on the conditions of rural roads networks in South Africa. Literature
which is available only looks at how improving rural road network would produce positive spinoffs for rural
livelihoods, without referring to the road network conditions.
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Table 1: Description of the different rural road classes and as well as their functional characteristics
(Committee of Transport Officials, 2012).

Rural  Class Origin/destination Through Reach of % of AADT
road name traffic connectivity  built km (average
Class component annual daily
numb traffic
er (R)
R1 Principal Metro areas, large cities, large border Exclusively > 50 km 1000 - 100
arterials  posts, join national routes 000+
2-4%
R2 Major Cities and large towns, transport Exclusively > 25 km Classes 500 - 25
arterials nodes (harbours and international 1and 2 000+
airports), smaller border posts, join
major routes
R3 Minor Towns, villages and rural settlements, Predominant >10km 6-12% 100-2 000+
road tourist destinations, transport nodes Classes
(railway sidings, seaports, landing 1,2 and
strips), small border posts, other 3
routes
R4 Collector Connect farming districts, rural Minimal <10 km 20 - <1000
road settlements, tourist areas, national 25%
and private parks and mines to
mobility routes
R5 Local Farm or property access, connection Nil < 5km 65 - <500
road to other routes Discontinuous 75%
R6 Walkway Settlements, farms, transport nodes, n/a n/a n/a n/a
(path or water points
track)
1.02  Challenges associated with physical conditions of rural road networks

Problems associated with physical conditions of rural roads differ from one area to another. According to
Forman (2003), it is important to understand the different types of rural road surfaces before one can assess the
associated problems. Firstly, paved roads generally consist of asphalt or concrete surfaces, which is very rare for
rural communities in developing countries. Secondly, unpaved road surfaces in most rural communities consist
of gravel or dirt roads. Hence, the present study only assesses conditions associated with unpaved rural road
surfaces. The most common challenge associated with unpaved roads is the deterioration of the road surface.
Factors such as the behavior of road material, the drainage capacity and maintenance activities, determine the
rate and level of deterioration of gravel roads. Hence, Figure 2 provides a schematic overview of the processes
and distresses associated with the deterioration of gravel roads.

Figure 2: Processes which influence the deterioration of gravel roads (Alzubaidi and Magnusson, 2002).
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As illustrated in Figure 2, climate and traffic conditions directly impact on the behavior of road material and the
drainage capacity of gravel roads. The listed distresses are some of the observable features of surface
deterioration on gravel roads. However, deteriorated surfaces can show features of multiple distresses on a
single gravel road. Severely deteriorated surfaces affect mobility and ride comfort on gravel roads. A number of
studies have assessed and reviewed possible causes of surface deterioration on gravel roads as a result of the
behavior of road material and drainage problems; however, associated findings suggest that such problems
require site specific analysis and interpretation of causalities (Jones, 1984, Shoop et al 2008, Fu et al 2010).
Similarly, there are different criteria’s (based on the receiving environment) used to assess and rate the
conditions of unpaved or gravel roads.

1.03  Methods of assessing and rating of unpaved or gravel roads

There is no standardized method used to assess and rate the conditions of unpaved or gravel roads. Alzubaidi
(2000), suggests that road conditions have been traditionally assessed using subjective methods. In reviewing
literature, a number of studies have criticised the use of subjective methods arguing that they produce only
qualitative results (Alzubaidi 2000, Huntington and Ksaibati, 2005, van der Gryp and van Zyl, 2007). van der
Gryp and van Zyl (2007), suggest that gravel roads should be objectively assessed in order to eliminate
subjective perceptions and also to provide reliable and quantifiable information for future research. Several
studies have also attempted to objectively assess and rate surface condition on gravel roads, but found out that
they require highly specialized experts, costly equipment and is time consuming (van der Gryp and van Zyl,
2007). Similarly, Maser (1996) argues that the use of objective methods alone in assessing and rating of gravel
roads is irrational, because surface conditions change rapidly. Rainfall conditions, traffic volumes and
maintenance activities have the ability to modify the characteristics of gravel road surface conditions within a
short period of time (Huntington and Ksaibati, 2007).

2.0 Description of the study areas

The study was conducted in four rural tribal communities (i.e. Emazabekweni, Dukuza, Mkhunya and
Mhlwazini) in the KwaZulu-Natal Province of South Africa. Emazabekweni and Mkhunya are situated in the
midlands while Mhlwazini and Dukuza are located in the north-western part of the Province (Figure 3). In South
Africa, KZN is the second largest province with a population of approximately 10.5 million people in an area of
94,361 km? (Housing Development Agency, 2013). The 2013 report on Informal Settlement Status in KZN
indicates that 46% of the population live on traditional/tribal land, while 47% in urban areas and the remaining
7% on private farms (Housing Development Agency, 2013). Although the population in KZN is distributed
amongst a large area (94,361 km?), the terrain and climatic conditions of the province differ and therefore given
below is the brief description of the communities under study.

Emazabekweni and Mkhunya communities are situated under Ubuhlebezwe Local Municipality (ULM), ward 9
and 5, respectively. ULM has a total of 12 wards and approximately 110 000 inhabitants, with an annual growth
rate of 0.5% (Ubuhlebezwe Local Municipality, 2015). From the total population of ULM, ward 5 and 9 have
approximately 10% of the inhabitants, 12000 and 9000 respectively (Ubuhlebezwe Local Municipality, 2015).
The community of Emazabekweni is located about 2km from the R612 regional road and approximately 15km
from a small town called Highflats. Mkhunya community is approximately 40km from R612 regional road and
the town of Highflats. The exact location of the communities using the Global Positioning Systems (GPS) is, 30°
15’5,52”S and 30° 6’ 9, 33”E (Emazabekweni) and 30°9’1,46”S & 30° 26’ 29, 44”E (Mkhunya).

Mhlwazini and Dukuza communities fall within Okhahlamba Local Municipality (OLM), ward 3 and 4
respectively. The OLM has a total of 14 wards and approximately 140 000 inhabitants. Results from the
Integrated Development Plan (IDP) 2013/2014 indicate that the annual population growth rate for the OLM is at
-0.43% and this is caused by inhabitants migrating to neighboring municipalities to seek for better living
conditions (Okhahlamba Local Municipality, 2015). The IDP further indicates that ward 3 and 4 have
approximately 11 000 and 10 000 inhabitants, respectively. Although both communities are located in one
municipality, Mhlwazini is about 40km from the town called Winterton and less than 500m from the R600
regional route. Dukuza community is approximately 20km from a town called Bergville and less than 100m from
the R74 provincial route. Using the Global Positioning Systems (GPS) the location of the communities is, 28° 56’
18, 60”S and 29° 17’ 46, 86" E (Mhlwazini) and 28°45’55,51”S and 29° 11’ 49, 94”E (Dukuza).
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Figure 3: Map showing the location of the four rural areas under study
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3.0 Materials and methods

3.01 Identification and classification of rural road networks

Road networks of interest were identified by first traversing the selected communities using recent high
resolution Google Earth images. Following the above procedure, transect walks were done in each community in
order to identify and classify the road networks respectively. Road networks were then classified using the
South African Road Classification and Access Management Manual, version 1.0 of August 2012 (Table 1). Due to
the focus of this study, Principal arterials (R1), Major arterials (R2) and Walkways (R6) road classes were not
assessed. This was due to the fact that the study aimed at assessing the conditions of rural roads which provided
access from major/ principal arterials [i.e. Minor road (R3), Collector road (R4) and Local road (R5)] to
homesteads. In assessing the road conditions, this study did not assess the technical engineering (such as the
quality of road material, type of machinery used, expertise of the engineers) components of road construction.
However, without ignoring the influence and importance of the technical engineering components, the focus of
this study was to assess the physical conditions of rural road networks and their implications on road users. In
this study the term ‘physical condition’ referred to the quality of the road surface (for freedom of vehicle
movement) under the influence of human and environmental factors. In assessing the quality of the road
surface, this study examined the behavior of road material, the drainage capacity and maintenance activities.
The behavior of road material was examined by firstly identifying the apparent surface distresses and
thereafter, assessing their severity and extent in each road class. As illustrated in Figure 2, the behavior of road
material under the influence of traffic and climatic conditions results in the development of distresses which
ultimately deteriorate the quality of the road surface.

Research conducted by Chamorro et al (2009), suggest that there is no single method used to assess and rate
the conditions of distresses on gravel roads. According to Chamorro et al (2009), most studies have assessed
distresses by dividing gravel roads into segments and used visual assessment methods to estimate for the entire
road. Studies by Chamorro et al (2009) and Rivera et al. (2015) have criticised the assessment of distresses
through this method, arguing that the results obtained did not provide accurate estimation of the conditions of
the entire road surface. However, Chamorro et al (2009) argues that the accuracy of the results obtained should
be determined by the reliability of the methods used and the total road length assessed. The present study used
visual observation and field-based manual measurements to assess the physical conditions of the entire road
surface in each road class under study.

3.02  Assessing and rating of the road conditions

The R3, R4 and R5 road surfaces were traversed in each community with the aim of identifying the type of
distresses apparent. Thereafter the extent of their existence was assessed. Distresses such as potholes, rutting,
erosion channels, corrugations, loose material and stoniness were assessed to determine the quality of gravel
surfaces. Although, surfaces distress were identified for the entire road surface, their severity and extent were
only assessed on the parts of the road that impacted on ride comfort in each road class. Hence, a tape measure
was used to calculate the depth and width of distresses such as potholes, rutting and erosion channels in order
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to determine their severity. Table 2, provides the general description used to classify the severity of each
distress (Jones, 2000). For the purpose of this study, if the aforementioned distresses had a depth and width
less than 15 cm, their severity ratings were classified between 0-4 and anything more than 15cm was given the
rating of 5. This method was adopted and modified from Jones (2000) rating systems. However, the severity of
surface distresses such as corrugations, loose material and stoniness were assessed and rated based on visual
perceptions.

Table 2: Overview of the rating system used to assess the severity of each distress (adopted from Jones, 2000)

Degree Severity Description
0 None No distress visible
1 Slight Distress difficult to discern. Only the first signs of distress are visible.
2 Between slight and
warning
3 Warning Distress is distinct. Start of secondary defects. (Distress notable with

respect to possible consequences. Maintenance might be required in near
future e.g. potholes can be removed by blading)

4 Between warning
and severe
5 Severe Distress is extreme. Secondary defects are well-developed (high degree of

secondary defects) and/or extreme severity of primary defect. (Urgent
attention required e.g. potholes require manual repair).

As illustrated in Table 2, all distresses with uncertainties regarding their degree of severity were classified as 1
or 4. The severity of each distress was only assessed on the parts of the road that impacted on ride comfort in
each road class (R3, R4 and R5). Thereafter, a handheld Garmin etrex GPS with sub-meter accuracy was used to
located the distresses in order to determine the widespread of each distress over the total length of the road.
Table 3, provides the classification method used to assess the extent of each distress.

Table 3: Overview of the classification systems used to assess the extent of each distress (adopted from Jones,

2000)
Extent Description Estimate
(%)

A Isolated occurrence, not representative of the segment length being evaluated. They are

usually associated with localized changes in the material, subgrade or drainage conditions. <5

Intersections, steep grades or sharp curves may also result in isolated occurrences.
B 5-20
C Intermittent occurrence, over most of the segment length, or extensive occurrence over a 20-60

limited portion of the segment length. When occurring over most of the segment length,

problems are usually associated with the material quality or maintenance procedures. When

occurring over limited portions, the problem is usually a result of local material variations or

drainage problems.
D 60 - 80
E Extensive occurrence. This is usually a result of poor quality or insufficient wearing course 80-100

material, or inadequate maintenance.

Using the above classification, the extent of each distress was recorded only for the width of the road that was
affecting traffic. Assessing the distresses on each road class was an indication of the behavior of road material
under the influence of traffic and climatic conditions. Furthermore, drainage and maintenance conditions were
assessed on each road class in order to determine their influence. Drainage and maintenance conditions were
assessed using techniques adopted from the Massachusetts Manual of Investigating Unpaved Roads (Berkshire
Regional Planning Commission, 2001). The Massachusetts manual is designed to help local road developers gain
a better understanding of the types of problems that occur as a result of improper design, construction and
maintenance of drainage on unpaved roads. Roadside drainage consists of three important components namely;
ditches, culvers and turnouts (Yifred, 2013). Studies done by Jones (1984) suggest that poorly designed,
constructed and maintained roadside drainage systems contribute significantly to the deterioration of surface
on gravel roads. The condition of each roadside ditch, if available, was assessed at every 500m intervals in each
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road class and the number of intervals were determined by the total distance of the road traversed. All culverts
and turnouts identified were assessed in each road class. Table 4, provides the classification method used to
assess and rate drainage and maintenance conditions in each road class.

Table 4: Overview of the classification system used to assess and rate the drainage systems on each road
class (adopted from Jones, 2000).

1. Very poor 2. Poor 3. Acceptable 4. Good
Ditches -None available -Poorly designed, -well-designed, -Well-designed,
constructed and constructed but poorly constructed and
maintained maintained maintained
Turnouts -None available -Poorly constructed, -well-constructed and -Well-constructed,
positioned and positioned but not positioned and
maintained maintained maintained
Culverts -Properly sized, installed  -Well sized, installed
-None available -Improperly sized, but poorly maintained and maintained

installed and maintained

3.03  Data analysis

The data analysis was done using Statistical package for Social Sciences (SPSS) version 17.1 software. This
analysis was performed in order to obtain descriptive statistics, such as frequencies and cross tabulations. Cross
tabulation was used to summarize categorical data (surfaces distresses) in order to assess the variations in
surface distresses amongst the different road classes. The collected GPS coordinates were imported and
displayed in a GIS environment using Arc GIS 10.1. This was done in order to locate the spatial distribution of
distresses that impacted on ride comfort in each road class.

4.0 Results

4.01 Characteristics of the road networks

The characteristics of the road networks under study are presented in Table 5. Results show that road
characteristics differed for each community. The average gradient for the different road classes ranged between
0-20% for Emazabekweni and Dukuza communities when compared to Mkhunya and Mhlwazini communities
(0-50%). Similarly, the average hourly traffic for the different road classes ranged higher (from 0-50) for
Emazabekweni and Dukuza communities when compared Mkhunya and Mhlwazini communities (0-15). In each
community, the R5 roads had a lower average road width when compared to the R3 and R4 roads.
Table 5: Number of households as well as the characteristics of each road class in the different communities
Road characteristics

Community Total number Class Average road Total road Average road Average hourly
of households  number (R) gradient length (km) width (m) traffic

(0%)
Emazabekwe 251 R3 0-20 20 8 20-50
ni R4 0-10 8 5 5-10
R5 0-10 6 4 0-5
Dukuza 525 R3 0-10 17 7 15-50
R4 0-20 7 6 5-10
R5 0-10 20* 5 5-10
Mhlwazini 156 R3** - - - -
R4** s s - -
R5 30-50 6 5 0-5
Mkhunya 353 R3 10-50 38 5 5-15
R4 10-50 10* 5 0-5
R5 0-20 2 4 0-5

Note: *means total number of road networks identified and are classified under that road class, **means that road class does not exist

Review of Social Sciences.

Page 49



Assessing the conditions of rural road networks ... S’phumelele et al,, RSS (2016), 01(02), 42-55

4.02 Road surface conditions

Table 5 presents a list of identified and assessed distresses in each road class. Numbers 0 to 5 are used to rate
the severity of each distresses and A to E determine the extent of each distress on a particular road class (as see
on Table 3 and 4). It can be noted from Table 6 that in each road class, there were more than one distresses
identified. However, the extent of each distress was only measured for the distresses that affected drive comfort
(i.e. distress with severity rating of 3 to 5). In Emazabekweni and Dukuza communities, the R3 road classes
have better surface conditions than the R4 and R5 classes. Moderate to severe distresses (erosion channels and
loose material) dominated and deteriorated the surfaces conditions of the R4 and R5 road classes. Whereas in
Mkhunya and Mhlwazini communities, all assessed road class (i.e. R3, R4 and R5) had moderate to severe
distresses deteriorating the surface conditions. Figure 4 shows the difference in surface conditions on the R3
road classes for Emazabekweni, Dukuza and Mkhunya communities.

Table 6: Identified distresses, their severity and extent in each road class

Apparent distresses
Road Potholes Rutting Erosion Corrugations Loose Stoniness
Communities class channels material
R3 0 0 0 2 1 3 [A]
Emazabekweni R4 1 0 3[C] 1 3[C] 1
R5 3 [A] 1 5 [E] 1 3[B] 2
R3 3 [A] 1 3[B] 1
Dukuza R4 5 [D] 1 3[C] 2 3[C] 3[C]
R5 5 [D] 2 3[C] 0 3[C] 3[C]
Mkhunya R3 1 3[C] 4 [D] 1 5 [E] 1
R4 3[C] 3[C] 5[C] 0 2 3[C]
R5 3[C] 3 [B] 5[C] 0 2 3[C]
Mhlwazini R5 1 0 5 [E] 0 5[C] 5[C]

Figure 4: View of the surface conditions on the R3 road classes in (A) Emazabekweni, (B) Dukuza and (C)
Mkhunya communities

4.03  Drainage and maintenance conditions

The results presented on Table 7 illustrate the ratings of drainage conditions for each road class. It can noted
that in all the communities, the R4 and R5 road classes had drainage ratings of 1 when compared to the R5 road
classes with a drainage rating of 3. Overall, none of the road classes obtained drainage ratings of 5. Hence, Figure
5 shows some of the challenges associated with drainage conditions on the R3 road classes in Emazabekweni,
Dukuza and Mkhunya communities.

Table 7: Drainage rating results in each road class

Community Road class Drainage ratings
Emazabekweni R3
R4

R5

Dukuza R3
R4

R5

R W W
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Mkhunya R3 3
R4 1
R5 1
Mhlwazini R5 1

4.04 Rainfall characteristics

It can be noted that Mhlwazini community receives more annual rainfall (approximately 1389 mm) than the
other communities. However on average, all the communities received more than 600mm of rainfall every year.

Figure 5: View of poorly maintained drainage systems on the R3 road classes in Emazabekweni (A), Dukuza (B
and D) and Mkhunya (C) communities.

Figure 6: Annual rainfall for the communities under study (Schulze, 2008).
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5.0 Discussions

Understanding the physical conditions of unpaved rural roads could serve as a primary platform which could be
used to assess the socioeconomic conditions in rural communities. In this study, the physical conditions of
selected road classes were determined by assessing the influence of physical, environmental and anthropogenic
factors. Research indicates that despite the advancement in technology, it is yet not possible to obtain an
accurate method to assess the conditions of rural roads globally. In the present study, visual observation and
field-based methods were used to identify, assess and rate the physical conditions of gravel roads.

Overall, the results of this study indicate that there is a direct relationship between road surface characteristics,
drainage and maintenance conditions. For instance, it was noted that the road classes with moderate to severe
surface distresses had very poor drainage and maintenance conditions when compared to those with slight
surface distresses. However, it was further noted that the nature of surface distresses identified were also an
indication of the influence of traffic and climate conditions. These results are comparable to previous studies
which indicate that surface conditions are determined by the behavior of the road material and drainage
capacity under the influence of traffic and climate conditions (Simonsen and Isacsson, 1999, Lugo and Gucinski,
2000 and Alzubaidi and Magnusson, 2002). Moreover, poor surface conditions directly impact on traffic
volumes. For example, the results indicate that more average hourly traffic volumes were recorded for the R3
road classes (15-50) in Emazabekweni and Dukuza communities when compared to the R3 road class in
Mkhunya community (5-15). The difference in traffic volumes could also be a reflection of the surfaces
conditions. This is due to the fact that findings on Table 6 show that the R3 road classes in Emazabekweni and
Dukuza communities had less severe surface distresses than in Mkhunya community (as seen on Figure 4).
Although the R3 road surface conditions may be different, the most important factor to be noted is that these
road classes have the same function in rural communities. The function of the R3 road class is to connect rural
settlements to major arterials (such as the R2). This means that these road classes play a primary role in
connecting rural settlements with roads leading to large economic hubs. It is therefore important to ensure that
the R3 road classes are well designed constructed and maintained. Hetzel et a/ (2007) argues that well-
maintained rural roads enable people to have better access to social services and they also allow for the
movement of labour between residence and workplace. However, surface conditions on the R4 and R5 road
classes are just as important because they provide access to the R3 road class. Research suggests that only 34%
of the rural people live within 2km of all-season roads in Africa, compared to 65% in other developing countries
(Chamorro and Tighe, 2009, Roberts and Rastogi, 2006).

The surface conditions in all the R4 and R5 road classes were dominated by moderate to severe surface
distresses. Depending on the size of the community, the R4 and R5 road classes are used as primary roads that
connect livelihoods to the R3 road classes. Hence, there is a need to ensure that these road classes are well
designed, constructed and maintained in order to make rural communities more accessible.

Although the R3 road classes had drainage systems, it was noted that the lack of maintenance affected their
function. For instance, all identified roadside ditches, turnouts and culverts were either clogged with sediment,
debris or overgrown with vegetation The identified surface distresses (such as erosion channels and potholes)
on the R3 road classes reflected ineffective drainage systems, which contributed to road surface deterioration,
particularly on the R3 road classes of Dukuza and Mkhunya communities. In all the communities, the R4 and R5
road classes had no roadside drainage systems. The lack of drainage systems resulted in moderate to severe
surfaces distresses dominating these road classes. All the communities under study receive average annual
rainfall which is above 700mm. It is therefore important to ensure that all the road classes under study have
proper and effective drainage systems because rainfall conditions and traffic volumes have the ability to modify
the characteristics of gravel road surface conditions within a short period of time (Huntington and Ksaibati,
2007).

The findings of this study have demonstrated that visual observation and field-based methods are useful tools
that can aid in identifying and assessing the physical conditions of unpaved roads as well as possible
environmental, physical and anthropogenic factors at interplay, especially in resource limited regions (i.e. where
there is limited funds available for advance technology) such as sub-Saharan Africa. Even though the use of more
technologically advanced methods will be useful to avoid manual field work for faster and accurate results and
also to eliminate different assessor perceptions, the methods used in this study were more appropriate and cost
efficient. As argued by Maser (1996), the use of objective methods alone in assessing and rating of gravel roads
is irrational because surface conditions change rapidly. Moreover, identifying surfaces distresses using high-tech
equipment will be challenging and very expensive, because it will require the use of technologies with high
image resolution. In future, there is a need to develop technology that will be attached to a vehicle which will be
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able to detect, distinguish and map the severity and extent of surface distresses and as well as detect factors,
such as dust. This system will be faster and more accurate than using traditional methods. However, the findings
of this study could be useful to road authorities responsible for unpaved rural roads in sub-Saharan Africa. For
instance, the understanding of factors affecting the quality of unpaved roads and the ability to identify and
assess surface distresses is key to assisting both road authorities and local people deal with challenges
associated with unpaved roads. This study was able use cost effective, user-friendly methods to identify and
assess surface distresses on unpaved roads. This implies that road authorities could train local people on how to
use this method so that they are able to identify, assess and report or help mitigate surface distresses developing
on their local roads. Empowering local people will help improve the quality of unpaved roads and as well as
enhance socioeconomic conditions in rural communities.

6.0 Conclusion

This study aimed at assessing the physical conditions of selected rural road networks to understand the
physical, environmental and anthropogenic factors that influence the condition of rural roads. The results of this
study recommend that the characteristics of road classes under study strongly reflected on the effectiveness of
drainage and maintenance conditions. For instance, the nature (type, severity and extent) of surface distresses
identified on each road class were an indication of the presence and effectiveness of drainage and maintenance
conditions. In all the road classes under study, Mkhunya and Mhlwazini communities had more deteriorated
road surface conditions than Dukuza and Emazabekweni communities. It was also noted that the more
deteriorated the road class, the less traffic movement. Overall, the results indicate that there is a need for road
authorities to ensure that rural road networks are well maintained and have proper drainage systems. For
instance, the identified and assessed surface distresses indicated that the road networks reflected the need for
proper drainage systems and regular maintenance. Therefore, proper drainage systems and regular
maintenance is recommended. While this study was able to use user-friendly and cost-effective methods to
assess the physical conditions of rural road networks, explicit investigations are required to aid with the quality
of observations. Future research should focus on assessing the impact of road designs, landscape
characteristics, and the quality of road materials used and associated cost of maintenance. The results of this
study can help municipal authorities in carrying out regularly monitoring procedures thus ensuring that surface
distresses are identified and resolved during their initial stage. If not, road authorities could train local people on
how to use this method so that they are able to identify, assess and report or help mitigate surface distresses
developing on their local roads. More importantly, the assessment method used in this study could help local
municipal authorities develop a better management system for their rural road networks. For example, using
this assessment method, authorities could create their own database indicating the conditions of all their rural
road networks. Moreover, the information from the database could be used by municipal planners during the
compilation of annual Integrated Development Plans (IDPs). As a result, municipal authorities will better
manage the conditions of rural road networks.
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