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ABSTRACT

Numerous studies have been done on various components of highways roads
in other countries yet very few are available in the case of India. Particularly, on the
road work, maintenance and drainage system there are no sound report as in
Rajasthan has not been given much importance due to deep water table conditions
and large filtration through soil depth. Pavement design, conditions, parameter of
future pavement deterioration, vehicle operation cost and safety are also need to be
considered in India. The conditions of suitable traffic variation, weather, proper
drainage system also required to be considered in highway project as well.

The analysis of primary and secondary data regarding highway drainage,
damaged due to rains, maintenance and safety with traffic are conducted by modular
regression method. The conclusions are achieved by narrating rainfall moderately
related with road accident. Due to poor drainage the maintenance cost increases, and
safety also has a direct and positive relationship with maintenance cost. The find
survey validation with data concludes that dividers on highways need to be designed
so that rain water near curves is collected by installing water storage tanks in divider
instead of disposing in cross drainage. The pavement surface water further may be
utilized for tree plantation. The raised divider with plantation improves road safety
as well. Continuous row of tree plantation also improve road safety by reducing
glaring effect during night time.

The result obtained from find survey data collection, poor drainage system,
lack of future maintenance conditions ultimately increase vehicle operation cost and
travel time. On reviewing research studies conducted on recent highway drainage
conditions, it was found that during planning and construction of highway, no proper
attention is being paid towards future maintenance of pavement and drainage
system. It is observed that most of the highways and busy roads during perception
survey found damaged during rainy session carrying high traffic intensity and more
water retention time on pavement surface. It was found in the perception data
analysis that in spite of carrying more traffic if water retention time on pavement
surface minimized by providing water storage tank and using it for harvesting at
suitable places then a huge amount of future maintenance cost can be saved.



The respondent of find perception revealed that for optimum maintenance,
camber correction and sealing of pavement surface before monsoon will reduce
development of potholes, patches, ruts and other cracks thereby increasing safety
and improving vehicle operating cost with travel time. This will also eliminate the
problem of ultimate disposal of road side drains into cross drainage which are
usually encroached due to ribbon development along highway roads.

The perception analysis concludes that the improvement proposal of
widening highway road should include the cost of storage of rain water for tree
plantation. It also includes recharging ground water to reduce maintenance of
highway road, vehicle operation cost, travel time along with conservation of water.
The ultimate project will improve greenery in arid and semi-arid areas.

The findings have given importance to the role of drainage system with
maintenance factors and factors for improvement in the design system. The
maintenance of highways needs routine and periodic maintenance, rehabilitation and
strengthening. In the maintenance part, regular evaluation is also required to assess
the present condition of highway roads. The study of maintenance systems shows
that drainage and surface defects are some important factors, which need special
attention, apart from prevent moisture in pavement design. Kendall’s correlation
result and factor analysis of research data give important factors as the highway
drainage with genuine maintenance and safety aspect which are essential features
needed to be considered in modular highway design system. The secondary data
analysis of variance concludes that number of accident have significant positive
relationships with number of vehicles containing t-value (+7.08). The number of
accidents has significantly negative relationship with maintenance cost containing t-
value (-4.475).

Further number of accidents also has moderately positive significant
relationship with rainfall with the t-value (+1.164). This research hence attempts to
look at the various problems inherent in the construction of highways and
recommends practical measures to tackle the same. Conclusively, a better drainage
system at the level of planning, responsibility of multiple stakeholders including
drivers and engineers, and regular maintenance of highways have emerged to be the
focal points of a safe and smooth highway traffic movement.
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CHAPTER 1

INTRODUCTION

A proper transportation system is vital for a cogisteconomic development,
trade and social integration. A road network systenparticular, is one of the most
prominent means of transport in most countries.diésnand has been growing
rapidly with increasing population and transporthickes (MORTH 2012),
particularly in developing countries, such as Inaiaspite considerable barriers to
interstate freight and passenger movement. The aesgssibility, flexibility of
operations, door-to-door services and reliabilitgs heased road transport. An
increasingly higher share of both passenger (8786) feeight traffic (61%) are
compared to other modes of transport in India (NE®12). In road transport, national
highways (NHs) play a major role in India becausese road networks are the
busiest networks in the world. According to repokbis constituted 2% of all roads

in India handling 40% of the total road traffic2012 (MORTH 2012; NHAI 2012).

NHs are the lifeline of a nation and facilitate stio conveyance of both
people and goods within a country. NH roads requioper planning, designing and
regular and proper maintenance for safe functianiigs are severely affected by
rains and overflowing drain water, leading to hujeect losses in the form of
maintenance cost to the national government andertdlosses to the people or
society in terms of time, safety and vehicle opegatost (VOC). Recently, ribbon
development has resulted in a poor drainage systé@mh is one of the main factors
for damages on highways (MORTH 2012). It resultigh maintenance cost and

increased number of accidents with an estimated3®®oreduction in the national
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income or gross domestic product (GDP) (MORTH 20I1R)rthermore, other
factors such as poor climatic conditions, use @ssandard material in roads, poor
visibility at night and the absence of street Igghecessitate highway maintenance

and safety (MORD 2012).

Studies related to maintenance of NHs, particuldrbse on proper drainage
systems and safety, have not been given due imu&tan India. Most of the
damage to NHs is caused in rainy seasons, whem flates from adjacent areas on
to the NH because of ribbon development and rerfairlonger periods on the
Right-of-Way (ROW). Chapter 4 discusses that theeabe of proper drainage or
poor maintenance of existing drainages causes wafeyw on pavements’ surface
and across the areas of ROW. The result may bdiagylrom a trickle or a torrent
of water running on or across the highway. Theesf@ppropriate measures are
required to ensure that an adequate drainage systam place to prevent the
occurrence of such hazards. Provision of an adeqirainage system is necessary
for the highways in India, for which the existingglhway designs must be
investigated thoroughly, by considering drainagsteasyps and other important
factors (MORTH 2013; NHAI 2012). Such a study migleisigning of a highway
network with a proper drainage system. In additibfacilitates building an efficient
NH network system in the country. Thus this stuslyam attempt to understand the
aforementioned problem through a detailed investgaof existing NHs and
provide appropriate suggestions for future. In fhesent study, the present
condition of India’s road transport and associgismblems are discussed, followed
by literature review existing literature, gaps, ealtives, hypothesis, research
methodology and results and discussions includnegretical considerations to draw

further conclusions.
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1.1 BACKGROUND

The road system connects different parts of thenttguo each other for
better transportation. In India, NHs are maintainedier the (NHDP); however,
other road projects such as the Pradhan Mantri Gr&adak Yojna (PMGSY),
National Rural Employment Guarantee Programme dratd@ Nirman are launched
by the Government of India for road constructionQRD 2013). Every year, the
government invests considerably for the developn@&nhew roads. However,
improper maintenance and inadequate drainage ablgrresult in the short life of
roads and an increased annual cost of maintendazu(dar 2012). According to
some studies, the cost of drainage and maintenainwads varies from 1% to 2%
of the total cost of roads (NHAI 2012). Most oftaile planning, design and
execution of road drainage systems has not beesngidue importance unlike

structural and foundational design or constructibroads and highways.

Many concerns related to roads, particularly thfetgaand maintenance of
NHs, exist. The lane capacity of Indian highwaygasy low: most NHs are made of
two or less lanes. A quarter of all India's highwaye congested and many roads are
of poor riding quality; limited funds are providddr road maintenance and only
one-third of maintenance needs are met. This caletesioration of roads and high
transport costs (World Bank 2012; WHO 2010). Higisveequire modernization to
handle increased traffic requirements. In additmmaintenance, the expansion of
the network and widening of existing roads are b@ng increasingly important.
This would enable the roads to handle increasiafficrand increase the average

movement speed on Indian roads.
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1.2 ROAD TRANSPORT SYSTEM IN INDIA

The subsequent sections highlight the present treadport system in India
and provide its comparison with international sgse In addition, this research
underlines the need for highway drainage improverf@nmaintenance and safety.
Understanding the operation, transport, planniegjgh, safety and state government
practices is also essential for summarising wididfidata results of the research.
Figure 1.1 illustrates the road map of India with NHDP . During independence in
1947, India inherited a poor road infrastructurewdver, even after independence,
between 1947 and 1988, India witnessed no majal poajects. Predominantly, all
the roads were single lane and mostly unpaved matbxpressways, with less than
200 km of 4-lane highways. Road development stadety after economic
liberalisation in 1990s; subsequently, privatisatiof road network development

along with government schemes accelerated roadroatien.

Table 1.1 presents the comparison of the surfanddotal road length in the
development period. The surfaced road length adeduior more than half of the
total road length in 2011 compared with 39% ofttital road length in 1951. The total
road length has been expanded significantly sihee1970s. It has increased from
915,000 km in March 1971 to 4,690,000 km in 201 jrerease of 534% over 40
years, yielding a compound annual growth rate (CA®R4.7%. The total road
network in the country grew from 3,622,000 km ir02Go 4,690,000 km in 2011,

reflecting an increase of 413% and yielding a CAG@R.2% (MORTH 2013).
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Table-1.1. Road Length in India

Year Sl_Jrfaced Roads Totgl Road Length
(in thousand) (in thousand)

1951 157 399

1971 398 915

2004 1761 3622

2008 2036 4110

2011 2535 4690

Figure 1.1 depicts the increase in Indian roadjtlerfrom 1951 to 2011
caused by these efforts. The total road lengtleatsfimore than 11-fold increase from
1951 (399,000 km) to 2011 (4,690,000 km). In addijtithe surfaced road increased

approximately 16 times from 157,000 km in 1951,&23,000 km in 2011.
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Figure 1.1. Road and Surfaced Length
(in 1000 km) in India in 1951, 1971, 2004, 2008 ara)11
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1.2.1. Road Classification

The Indian road network can be broadly classiifad the following:
. National highways (NHs)
. State highways (SHs) and other public work depantr{ifWwD)roads
. Rural roads (RRs)

. Project and urban roads (PRs and URSs)

The distribution of road length and its sharehia total road length is shown
in Table 1.2 (NHAI 2012). In 1988, the National Hways Authority of India
(NHAI) was established by an Act of Parliament aadhe into power on 15June,
1989. The NHAI Act, 1998 became operational witihhandate to develop, maintain
and manage NHSs. Although the authority was created®88, not much was done
until the widespread economic liberalisation in gagly 1990s (NHAI 2012). NHAI
also collects fees on NHs and facilitates privateta participationSince 1995, the
authority has privatised road network developmarihdia and by the end of 2011,
it delivered over 71,000 km of NHs including 4-@tane modern highways (NHAI
2013; PWD 2013).

Table 1.2. Category-Wise Road Length in India

Year NH (km) SH (km) RR (km) UR (km) PR (km)
1951 20,000 1,74,000 2,06,000 0,000 0,000
1991 34,000 6,36,0000 12,60,000 186,000 209,000
2011 71,000 11,68,000 27,49,000 411,000 288,000

Table 1.2 presents the category-wise developmiertaal length in India in
1951-2011. NHs are the most essential for surferesportation in India and run
across the country with a length of 71,000 km &/ e¢hd of March 2011 (MORTH

2012). In 1951, the NHs comprised 5% of the totadr network, but reduced to
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approximately 2% in 2011. However, the length ofdNkas increased by >3.5 fold
during the same period (i.e, from 20,000 km in 185%71,000 km in 2011). NHs are
important because of their carry high capacityt i)240% of the total volume of road

traffic in India (NHAI 2012).
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4,000,000+
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2,000,000+
1,500,000+
1,000,000+
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" J

Figure 1.2 Category-Wise Road Length Share in TotdRoads (in %) for 19532011

Figure 1.2 presents the comparative developmenhefroad sector after
independence. Major concerns associated with mmnte, safety and ribbon

development along the highways arose because oépid development.

Apart from national highway, the other categoryd®are as follows:
(1) SH and Major District Roads
(i) Rural and Ordinary District Roads

(i)  URs and PRs



Intreduction 8
g

The state PWD roads connect SHs with internal goadle total length of
SHs and other PWD roads was approximately 1,168@0@ 2011. The SHs and
PWD roads increased >6-fold from 1951 to 2011; theye 174,000 km in 1951
and increased to 1,168,000 km in 2011. Theycontpase-quarter of the total road
network in India. However, the share of SHs and P\déals declined from 44% to 25%

during 1951 to 2011. (MORTH 2012).

Rural roads have registered the high growth, apprately 13-fold, over the
last 60 years mainly because of state and centnedrgment schemes (i.e from
206,000 km in 1951 to 2,749,000 km in 2011). Thelrroads comprised more than
half of the total road length in India in 2008; wiiincreased from 52% in 1951 to
59% in 2008 (MORD2012). The length of URs and PRs W11,000 and 288 km,
respectively, in 2011. URs increased 6-fold from0®® km in 1971 to 411,000,
while PRs increased approximately >2 times from,@3Q km in 1971 to 288,000
km in 2011. However, the share of URs increasedgmally from 8% in 1971 to
9% in 2011. By contrast, PRs share reduced from 14%% during the same

period. (MORTH 2012; MORD, 2012).
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Figure 1.3. Road Map of India representing NHDP
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1.2.2 NHDP Scheme

To expand and improve road connectivity in thentgy the Government
launched the NHDP, which is presented in Figure ILi8 the largest highway project
ever undertaken in the country. The NHDP, impleeerty Indian government, has
envisaged huge investment for construction andagagion of NHs through various
phases of NHDP over the midterm. As of June 20fh8euphase |, I, Ill and V of
India's national effort were completed and putde approximately 18,000 km of 4—6
lane highways (MORTH 2012). The country is in thegess of building an additional
33,441 km of 4-to-6-lane highways, internationaaligy highways throughout India.
This target, approximately 13,700 km of modern Wigys were under implementation
in June 2012 and approximately 18,000 km of higlswvhgive been identified for
contracts. The Indian highway road development hate accelerated recently and
averaged approximately 11 km per day in the setaitfdbf 2011. Figure 1.3 presents
the categorised comparison of road length in ladiang 1951 —2011. NHDP aims to
build 600 km of modern roads every month and 46-tane highways connecting its

major manufacturing, commercial and cultural cenfiHAI 2012).

1.2.3 International Comparison

Table 1.3 presents a comparison of road dengiessquare kilometre of
land between India and other developed and devejopountries (Basic Roads
Statistics 2012). India has the second largest nedork in the world and 1.4 km
of roads per square kilometre of land. The roasvogk of India is similar to that of
United Kingdom and France. Furthermore, the netwsrlarger than that in the
United States and is much larger than that in Chamal Brazil. However,

gualitatively, India’s roads are a mix of moderghways and narrow, unpaved
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roads, with poor maintenance. Hence, proper maames of road pavement with a

suitable drainage system on highway roads is requiMORTH 2012).

Table 1.3. International Road Density and Percentagof NH in the total road

Road Density per NH
(Sg.Km. Road Network) (% of Total Road)

USA 0.7 4.1
UK 1.7 11.7
Russia 0.1 -
France 1.7 1.0
China 0.4 1.3
Brazil 0.2 5.3
S Africa 0.3 0.8
Japan 3.2 4.5
Korea 4.0 13.5
India 1.4 2.0

1.3 HIGHWAY DRAINAGE

Pavement surface drainage is one of the impofeaiures of the present
research. Previous studies investigated the aggregaformance deals only with
load supporting capabilities. Literature reviewswshd that the presence of water on
the pavement is an important aspect of design. ddgdesign must satisfy the
condition of interception and evacuation of flowiagter on pavements. This is
mainly considered a requirement for a proper dggnand maintenance system. An
adequate drainage is a primary requirement for taiaing the structural soundness,
functioning and efficiency of a road. Pavement&tites including sub-grade roads
must be protected from all types of running watdrich may weaken the sub-grade

by saturation and cause distress in the pavemsitmtgiture (Cedergren 1974). The
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basic consideration of any road design is disp@fahter from pavements and sub-
grade. The quick drainage removes water from thvempants’ surface and reduces
chances of damages to NH. Because of an inadedtetege surface, a pavement
structure is undermined by (i) causes of weakenihthe pavement structure and
sub-grade through infiltration of water from theptand (ii) erosion of shoulders,
verges and embankment slopes caused by water guoffithe pavement (IRC-SP-

42, 2004).

1.4 HIGHWAY MAINTENANCE

Highway road maintenance is an important activilyat needs to be
performed by every highway department. The safetiy@nvenience of using roads
are governed to a large extent by the quality ofnteaance. The operation
economics of road transport is influenced by thgrele of maintenance imparted to
the road. The life of an asset can be preserved @motbnged, if adequate
maintenance measures are undertaken in a timelyenaim developing countries,
pavement thickness and lower specifications becati®eidget require a complete
design to achieve economy of highway projects. &loee, the proper maintenance
of roads assumes greater significance in suchteihsa The financial resources at
the command of a maintenance engineer are alwagkequate, necessitating the
utilization of the resources in the most judiciomnner by applying the best

engineering practices and managerial skills (Arz&Q8).

The process of road planning and designing is t¢icatpd and contains
numerous components, which are to be considereanfaptimal solution. Highway

planning includes studying the conditions releventoads or improving already
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constructed roads on the basis of transportationades, climate, topography,
geology and material supplies. It includes evahgathe road and its consequences
on society, transportability, traffic safety anseomic development. The designing
of the road implies selecting the dimensions asd@mponents, such as width of
carriageway, crust thickness and road profile, witspect to the type of road

classified (IRC-SP-82, 1982).

Furthermore, proper maintenance is an importatiréuaspect of highway
roads. Often maintenance is required at a spdoif@ation on roads but their social
and economic cost is very high because of VOC emctltime (IRC-SP-83, 2008).
Such maintenance activities can be considerablycest] by suitable designs of
highway roads (Coray 2009). Therefore, highway glesis must take maintenance

as priority.

15 HIGHWAY SAFETY

Highway safety is also included in this study'sjeghves. The safety of
roads incorporates the development and managementan infrastructure,
provision of safer vehicles, legislation in law erdement and proper planning of
urban land use (NHAI 2010). The success of roaetgalepends on the support and
common action from all stakeholders including goweent, civil society
organisations and road users. More than 60 ye&es bidia’s independence, the
transport system in the country has expanded apdowed; moreover, continuous
efforts are being made to make it safe and conmenianagement of the transport
or traffic system is becoming difficult with incre&ag population and vehicles and

the simultaneous growth of highways and other rqati$Al 2012). The highway
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transport is managed by government agencies, naimelyransport department and
NHAI. These agencies are engaged in a constarggiério make the system safe
and overcome congestion with minimum maintenana®ads. However, according
to the global safety report, the state of Indiaadreafety is quite alarming as they
are associated with more deaths than Chinese r¢ad4O 2010).Therefore, the
concept of road quality management and sustaihathive gained momentum
recently, leading policymakers and project managem®smphasise safety aspects in
the transport system. The roads need proper demmginregular evaluation at
planning, construction, operation and maintenariages to achieve accident free

roads for an overall better safety performance.

Road accidents are undesirable events occurringoads that involve
vehicles causing damage to human lives and prapeéngy are global phenomena;
however, the situation is more serious becaus®aof paffic conditions that prevail
on Indian highways. Worldwide, the number of pedgled on road each year is
estimated at almost 1.2 million, whereas the nunabenjured could be as high as
50 million, the combined population of five of therld’s largest cities and account
for 2.1% of global mortality. Developing countriascount for approximately 85%
of the total deaths (WHO 2010). It has been esethdhat at least 6 million more
will die and 60 million will be injured during theext 10 years in developing
countries unless urgent action is taken. This miedis that if the rate of traffic death
remains the same, the proportion for developinghtriaas will rise as much as 80%
by 2020. The road fatality rates in India are ptdpamong the highest worldwide;
every year, almost 10 out of 1,00,000 people aledkidues to road accidents

(MORTH 2010; NHAI 2010; WHO 2010).
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Table 1.4 presents the total number of accidemtisacident-related deaths

and injuries on the Indian NHs.

Table 1.4. Number of Accidents, Deaths and Injuriesn NHs in India

Year Accident Death Injured

Total Persong NH (%) | Total Persong NH (%) | Total Persons NH (%)

2005, 4,39,255 29.6 94,968 37.3 4,65,287 313
2006, 4,60,920 30.4 1,05,749 37.7 4,96,481 30.8
2007, 4,79,216 29.0 1,14,444 35.5 5,13,340 30.2

2008 4,84,704 28.5 1,19,860 35.4 5,23,193 28.6

2009, 4,86,384 29.3 1,25,660 36.( 5,15,458 29.6

2010, 4,99,628 30.0 1,34,513 36.1 5,27,512 31,3

2011, 4,97,686 30.1 1,42,485 37.1 5,11,394 30.5

2012, 4,90,383 29.1 1,38,258 35.3 5,09,667 301

Heavy traffic on highways invites more road acnoide This hypothesis
indicates that poor maintenance and safety are lsmmeelated to road accidents
and accident-related deaths and injuries. Tableevdals that approximately 30%
of the total accidents, deaths and injuries occuNbls. However, the NH length is
only 2% of the total road length in India. Furthems high speed results in
relatively higher number of road accidents andlifega (MORTH 2012). Moreover,
arboriculture plays an important role in the roadess/ for which the following
points below describe how landscaping and plamabibtrees along the highway

play an important role in providing road safety@RP-21 2009):
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. Definition of the toe and median of a carriagewaggarticularly of a

horizontal sharp curve during night.

. Prevention of glaring from headlights of incomirghicles.
. Control of erosion by turfing the slope of the emkraents.
. Planting trees along the embankment slopes and magr water bodies

controls erosion. Similarly, green cover in thenaof turfing stabilises steep
slopes and high embankment.

. Moderating the effect of wind and incoming radiatio

. Large trees with thick foliage provide much needbdde on glaring hot
roads during summer.

. To define historical places by landscaping andirtigrias per the existing

scenario.

The hypothesis of efficient drainage systems ons Nidd other roads for
optimum maintenance and safety eliminates defi@snavhich in turn improves
VOC and travel time. Adequate drainage is a primraguirement for maintaining
the structural soundness and functional efficien€ya road. Pavement structure
including subgrade must be protected from any ssyod water (Miller 2005). The
drainage removes water from the pavement surfadeexiuces chances of skidding
of vehicles. Because of inadequate surface drajndge structural stability of
pavement is undermined by:

. Weakening of the pavement structure and subgradeigh infiltration of
water from the top and
. Erosion of shoulders, verges and embankment slbpesater running off

the pavement.
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The importance of adequate and efficient drairtagde structural integrity
of a road is well recognised. A drainage problemaissed by excess of water either
on or below the surface of the pavement. Thustdad drainage is categorised into
. surface water runoff and

. subsoil drainage

Reduction in pavement performance due to poorndg& is important

hypothesis (IRC-SP-42 and 50, 1999).

1.6 RESEARCH GAPS

Several studies have been conducted on varioupaments of highways in
other countries but very few are on for Indian kgks. In particularly, studies on
maintenance and drainage system on highways amdadn India, specifically in
Rajasthan, much importance has not been given becali deep water table
conditions and filtration through large soil depittihthe present pavement design for
Indian conditions, parameters of pavement detdimraVOC and safety are must
be considered when planning and designing highwayegts. Other conditions
including suitable traffic variation and weatherdalight conditions also must be
considered in the planning of such projects. Wtildspects such as highway
drainage, future maintenance and safety must bsidened before planning and

designing of a transportation project (WHO 2010).

Poor maintenance ultimately increases VOC andetréame. Therefore,
provision for collection of suitable traffic studgata regarding the aspect of
maintenance and other activities is essential.dait®on, some studies relating to

climatic conditions, day—night, temperature andidets have been conducted in
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developed countries but none in India. Various issicconducted on highway
drainage conditions it was showed that during glegnand construction of highway
projects, due consideration was lacking for highwlaginage, maintenance, safety
and other utilities. The concept is usually consadein the execution of pavement
surface water flow on the road-side borrow areacworss drainage. This is
considered for surface water utilisation for arbolture, aesthetics and other road

side utilities (WHO 2013).

During site inspection, a highway official obses\tbat most of the highways
and busy roads get damaged during the rainy sedsecsuse of high traffic
intensity and longer duration of water retentiondion pavement surface. The study
of the concept of water retention on a pavementasarfor highway roads is
necessary to save maintenance costs. A highwayatdm@i system should be
modified such that it collects the entire watertba pavement surface within the
least possible time. Sometimes, the water retentioe is increased by local
depressions or reverse slopes formed because dbadmg and crust failure (WHO
2012). The camber correction and sealing of theepant surface before monsoon
also reduce the development of potholes, patclws,and other cracks, increasing
safety and improving VOC, thus requiring minimumimb@nance. Currently, catch
water drains are being provided on highways to hdisge increasing pavement
surface water in side borrow pits and cross drdiosyever, because of increase Iin
traffic, most highways and busy roads have beeremdd upto 4- or 6lanes with
extra service lane surface area. Ribbon developsiews the drainage of pavement
surface water. The ongoing projects provide onlgltavater drains. The widening

of highways upto 4-or-6-lanes lanes ultimately Issin failure of such drains
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because of non availability of quick disposal ofvgrment surface water. Hence,
more factors and their correlation with highway idage, maintenance and safe
traffic management on highways must be examineders® conditions are created
because of ribbon development and the increasiggway traffic. The collected

pavement runoff water can be utilised for tree f@on and underground recharge.
This will reduce or eliminate the problem of dispbsf road side drains into cross
drainage, which are mostly chocked or encroachezhckl the current highway
project is missing the provision of storage of ramter for tree plantation in

footpath or medians and for recharging groundwdtethe present conditions, we
must reduce the maintenance cost by minimising aemdage and conserve water

by improving greenery at road side (IRC-SP-21, 2009

1.7 NEED OF THE STUDY

Indian highways carry more traffic density thaghways of other countries.
The increasing unplanned ribbon development alorastnof these highways
seriously affects highway drainage and safety. dloee, to change the situation of
highway drainage for obtaining optimum maintenaand safety, a survey must be
conducted focussing on the perception of highwayagars and officials. The
validation of these perceptions with secondary datzecessary for research. As in
many fields, a gap seems to be present betweepralegitioner in the field and the
research on system design. Researchers dealingsaités in these areas are largely
‘tinkering at the margin’ or using high-tech apptions to develop recommendations

for making the system safer and operationally nedfieient (NHAI 2010).

Although the transportation engineers perceivended of more safety in the
system, a gap remains between what is really ‘kna@amd what is ‘done’ in the

field. Safety audits that find problems are tharéhremains great variation among
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agencies in a given state regarding when and hawdraal curves are signed and
the appropriate advisory speed is determined. Hepowviding safer and more
consistent designs remains a challenge and reduitbéer research (MORTH 2012;

NHAI 2012).

1.8 SPECIFIC OBJECTIVES
The following are the specific objectives of thigsearch required for

investigating highway drainage for optimum mainteceand safety.

1 Literature review to identify the role of impant variable features on
highway drainage, maintenance and safety.

2 Questionnaire designing for surveying the petioapbf highways with
respect to select parameters.

3 To establish the correlation between selectedi gow bad features of the
present highway drainage system and maintenancditoms including
safety measures.

4 Highway drainage, poor maintenance and safetplems are indirectly
related to road accidents.

5 To identify significant factors affecting highwagrainage for future
maintenance and safety.

6 To establish the correlation coefficient amonghliay accidents, rainfall
data, maintenance and traffic flow on highways.

7 To examine features responsible for improvinghighway safety and its
proper maintenance.

8 To identify improvement in the existing drainagystem on highways for
better maintenance and safety.

9 The study of safety factor on the basis of acttidata analysis.
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1.9 ORGANISATION OF THE THESIS

This thesis comprises the following five chapters:

Chapter 1 of thesis includes the background of the roadspartation
system of India with classification and internaibrcomparison. In addition, it
includes a brief study of the research topic castench as drainage, maintenance

and safety and introduces the objectives includasgarch gaps.

Chapter 2 provides the literature review and theoretical aerstion for
drainage, pavement maintenance and safety; edséimbiaretical considerations
regarding surface and subsurface drainage; andemfes on pavements with
subsoil drainage, including pavement drainage r@itecombating moisture.
Furthermore, the chapter briefly describes highwagintenance, transportation
planning and operation, drainage system, pavenesigrg transport design and safety

with state of practice.

Chapter 3 is based on materials and methods of the reseagtiodology
including data collection through a survey and aasi government websites.
Moreover, statistical analysis is conducted to proke hypothesis by using the
Statistical Package for the Social Sciences (SR&®)od, Kendall rank correlation
coefficient and factor analysis. Secondary datalyaisa Analysis of Variance
(ANOVA) model and analysis by using the multiplgmession method are used to

identify the regression coefficient including vaitn of results.

Chapter 4 presents the results and discussions of highwanalye,
maintenance condition and safety by consideringdgaod bad features of a

highway design system including future suggestimugiired for alternate design.
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Accident data analysis with other secondary dag@ession results is discussed to
prove the hypothesis of the research objectivee abcident data analysis is

performed to analyse the factor of safety on Indhgways.

Chapter 5 concludes the research with the future scope fatbvoy

references and an annexure of the questionnairephittographs of the study area.
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CHAPTER 2
LITERATURE REVIEW AND THEORETICAL
CONSIDERATIONS

2.0 LITERATURE REVIEW

The importance of reviewing various aspects oflitpisve and quantitative
research for understanding a problem cannot beegind.iterature review is crucial
for finding the available deficiencies and furtheproving the state of knowledge
in the chosen study area, that is, research onMaighioad drainage, maintenance
and safety. Some previous studies briefly mentidree provide a basic idea on the
important research already conducted on the subjéet literature review has been
conducted using representative case studies aidearto identify research gaps,
and is classified by covering different aspectshsag highway drainage, highway
maintenance, socioeconomic impact, and traffictgaldighway drainage studies
conducted by Cedergren 1973, 1974, 1988; Gerke ;1By@on et. al. 1993;
Tangpighakkul 1997; Shober 1997; Allen R. Long at.2001; loannides et al.
2001; Yuan et. al. 2003; and Siew Ann 2003 werelistland reviewed to the
understand drainage problem and thus identify gkpsthermore, recent studies
conducted by Marina 2004, Nilesh Arjun Shirke 202€re reviewed to understand
the research objectives. Brief descriptions on dbetents of the aforementioned

studies on drainage are as follows.

2.1 STUDIES ON DRAINAGE
Various studies have been conducted on highwapalya, and few of them

are briefly described in the following text.
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Road pavements are mostly distorted because adsexmoisture in the
foundation resulting from water logging, high trafvolume, and heavy vehicle
loads. Road designers know that water flowing &%d next to a road structure for

long will shorten its life. Following are a few slies related to highway drainage.

Barber and Sawyer (1952) concluded that free waigpavement layers
decreases the strength in the base, sub-baseubgrhde and is a major concern.
The presence of free water decreases the stremgthraad in several ways. This
reduces the apparent cohesion and decreasesrfrimtioeducing effective stress of

the materials below the water table.

The pavement service ability performance concegd wtroduced to view
the performance characteristics of flexible pavemetine relationship between the
stress—strain response of asphalt concrete undéc @yading, threshold values for
the friction index, and crack propagation betweearb specimens and layered
pavements, which are important parameters. In #st, studies on the fracture
behaviour of the interface between the interlayet asphalt overlay as well as the

entire overlay of the pavement system have alsweggoopularity.

In addition, an increasing interest is observeth@area of pavement system
management over the past two decades. A good uadédirsg of the flow of water
in the subsurface of the pavement may enable. Elsggd of pavement drainage
systems identified that to prevent excess moistutiee pavement system, the pavement

sub-drainage system should be designed using alatitiat have enough permeability.
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The time required to drain water at the end ofitflew period must be short
for the excess water not to remain in the structong enough to freeze (in cold
places). The use of free draining materials in kes® sub-base construction has
improved pavement performance. The effects of exosssture and the duration of
time water is retained within the pavement systamdey pavement design. In
addition, this refers to specific structural requients for pavements, which are
weakened due to the effects of moisture (Cederd@88). The magnitude of
structural factors is directly related to the tirtltee moisture is retained in the
structure. Not only the design of new pavementsatsa the evaluation of existing
pavements depend on the moisture retained. Toisus&avy loads, the water

should be able to flow out of the pavement fadtantit enters.

The rapidly applied loads cause increasing osicila pore pressure.
Cedergren et al. (1973) reported that water infohen of rains or other sources in
pavement layers produces a moving pressure wawg ctieating a large hydrostatic
force. Movement of wheels on a pavement with aratéd subgrade produces a
moving pressure wave, which in turn creates a ldnggrostatic force within the
structural section. These pulsating pores influetheeload-carrying capacity of all

parts of the pavement structure (Cedergren 1974).

Gerke (1979) states that premature failure ofadrstructure is defined by
poor construction, incorrect material usage (inclgdncorrect design assumptions),
and moisture conditions. The structural and fumelidailure causes excessive water
presence in the pavement base and sub-base, mgladbgrade soils. The water-

related damages are as follows Reduction of subgrad base or sub-base strength,
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differential swelling in expansive subgrade sodfjpping of asphalt in flexible
pavements, frost heave and reduction of strengtinglfrost melt, and movement of
fine particles into base or sub-base course m#&gemansiderably decreasing in

hydraulic conductivity.

Lytton et al. (1993) studied an integrated modg&lcbmatic effect on
pavement rapid decrease in the level of servicigbithich considerably weakens

the pavement ability to transmit dynamic loads isgzbby the traffic.

Reports on many systems require intense maintenaragrammes for the
systems to perform moderately. Grassy swales peedrmore satisfactorily than

other runoff control options with low cost and lomaintenance costs.

Shober (1997) warnedabout the dangers of partiadigled joints for
removing and replacing all sealants having an aeriffectiveness below 75%:
these are ineffective at preventing water and amempressible. David (1997)
determined the drain ability characteristics ofesal types of unbound granular
materials used in a pavement base. Hydraulic caivtycand effective porosity are
determined to aggregate two sources of crushee stoa two sources of gravel. For
each material, two open gradations were tested ingid wall permeameter.
Furthermore, one dense gradation of each mateatidhetwo levels of compaction
was tested in a flexible wall permeameter. Effarese made for reducing the flow along

the sides of the rigid wall permeameter and elitmggroblems with air bubbles.

Robert (1999) explained that water infiltrationdaseepage in a roadway

infrastructure is modelled using a cross-sectiasigieof a residential street used by
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the City of Moncton (Department of Engineering).n@s Akan (2000) determined
the spread calculations in a composite spread utin® pavement drainage

problems. The use of the chart was demonstratedghra practical application.

Allen et al. (2001) investigated the subsurfacairdige features of a test
pavement and found that the specified base thiskaed permeability combination
does not meet federal guidelines; evidently, nagsesalculations were performed
prior to construction. A field inspection of thestepavement drainage features

revealed that these receive very scant attentiom&ntenance.

The monitoring should extend over both sealedwarsdaled test sections of
a joint to confirm the established routine survefich consists of the continued
monitoring of the joint sealant (loannides et &02). The field results validating
with laboratory are conducted on a number of raad&ating that the moduli of
base and subgrade materials are strongly affegtéloebmoisture content. Siew-Ann
(2003) demonstrated the clogging of void spacekimwihe permeable base because
of foreign particles, which can severely reducedranage capacity of the base. In
addition, it reduces the service lift of the pertslecbase layer within the pavement.
The vertical permeability of several permeable basres reduces because of
clogging. The clogging materials include a mixtafesand and residual soil. An
empirical theoretical formulation has been deriviedm the Kozeny—Carmen

equation for predicting the reduction in the perhildg of permeable bases.

Marina (2004) showed that the highway runoff hélsfamts in concentrations,
that harm freshwater ecosystems. Thepreferental fhattern resembles macro-

porous flow through physical voids in heterogeneoaisstruction materials (stony
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loam) and at borders between construction matendls different textures (gravel,
clayey till, fine and coarse sand). At two sitesiichi were built almost exclusively
from homogeneous sand, the flow patterns reseniligdred flow initiated around

thin, deep-running roots from the surface vegetatio

The tracing at the four Danish highways was suggeto allow highway
runoff to infiltrate the top layer of roadside sesluniformly in a plug flow mode
and the lower layer less uniformly in a preferdrit@v mode. The plug flow occurs
in a homogeneous 2-to 10-cm cm thick layer of &-@atoured sandy material that
overlies the original swale surface at all thessisend accumulates at an approximate
rate of 1-6 mm per year. The preferential flow @ais reflect the heterogeneity of
the material used in swale construction. In hetenegusly constructed swales, the
flow paths have a permanent character form in thesipal voids and at the textural
borders of materials with different capillary foscdn homogeneously constructed
swales, flow paths are formed along deeply penegrabots. The dissemination of a
highway, which derives contaminants with runoffilirdting highway swales, is
limited by the grass-lined swale surface, whicleetitely filters out at least part of
the suspended solid loads and possibly of othelaomnant fractions. Deep transfer
of contaminants through the swale profile is fawalby the presence of preferential
flow paths, as was observed in 3 of 4 investigaitxb, particularly if the pathways

are of a permanent character, which seems to beadeeat two sites.

Al-Qadi (2004) determined 2-fold objectives foragtifying the benefits of a
specially designed geo composite membrane [a lowlulns polyvinyl chloride
(PVC) layer sandwiched between two nonwoven gei#sxto act as a moisture

barrier in flexible pavement systems and quanilyi measure the moisture content
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of unbound granular materials nondestructively. ®tedy was conducted on
Virginia Smart Road, the half section installingpgemposite is with other half road
length in same design without the interlayer syst&nound penetrating radar
(GPR) having air coupling of 1 GHz detected the soe content within the
pavement system. The geo composite membrane repedsiess deflection in the
area without an interlayer. Hence, the pavemenhage layer must be backed by an

intermediate interface.

Bjensen and Holm (2006) studied the effect ofacllis haccumulation on
highway sides in France, Switzerland, and Germ&8nyilar contents of metal-like
oxides, carbonates, organic matter, and clayseaintrestigated highways suggest that
the deposited material possessed high capacitrethdéoretention of inorganic and

organic contaminants.

Nilesh (2009) highlighted moisture flow from tharface into underlying
reservoirs or subgrade soils for the designingawbps pavements. The clogging of
voids in porous pavements is a critical problemrédwer, the back flushing system

must remove the clogging of voids.

2.2 HIGHWAY MAINTENANCE

In other countries, many studies have been coedust highway maintenance;
however, they are limited in India. Various studielted tomaintenance have been,
reviewed and a few are briefly described here tdewstand the hypotheses and
objectives of this research. The recent studiesngdutlst Century by Jose (2002);
Anani (2008); Hawzhen (2008); Anani (2010); Red2@1(0); and Nagbushana (2010)
on highway maintenance are briefly reviewed to tdgnhe research gaps for the

objectives.
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Jose (2002) attempted to estimate road transpsts ®n the basis of cost
derived from maintenance investment policies. Tthdyswas conducted in Spain on
existing models to estimate the best investmeratedy for fixed budgetary
resources. However, it does not consider the efféetived from work productivity
increments arising from new contracting formulalse Btudy describes a simulation
model for estimating the overall benefit derivednfrthe use of different systems for
financing road maintenance and the productivityi@ad in managing the work. To
validate the model, the paper concluded with arieggpn on a secondary road in
Spain. The results of the simulation showed thatkwaroductivity is extremely
important for optimal level of investment. Moreoyéne simulation provides some

relevant conclusions regarding finance-tested nmashes.

Anani (2008) perpetually assumed that pavemerdrideation caused by a
fourth power of the axle load with reference to ferformance indicator used
during highway maintenance. In addition, pavemegtedoration is determined on
the basis of the exact number of all future monttdgair (MR) and repair (R)

activities that can be exactly predicted.

Hawzhen (2008) determined the hindrance that ptsvduture road
maintenance required during the initial planninggst The study was conducted by
the Swedish road administration. The Nordic condg&j road design, maintenance,
and climatewere considered for applying the resulke investigation was
conducted using a method called '‘change analygigth consists of complementary
steps. The result obtained was the insufficientsmaration of maintainability

during the planning design process.
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Hawzhen’s study increased the efficiency of maiatee activities dealing
with future challenges regarding funding gaps; enmntation of these changes

require additional studies for establishing effextand long term solutions.

Anani (2010) focussed his study on the estimatibthe marginal cost for
highway maintenance. The marginal cost of highwagintenancehas been
estimated in the literature by using anindirectrapph of perpetual overlay. The
approach assumes that pavement overlay costs demmaintenance costs and
ignores other maintenance activities. The realgtilime of MR and R marginal

costs should be considered forweathering effects.

Reddy's (2010) study analytically obtained the aywic amplification of
vehicle response that is passing over a serie®thbf@s. A generic vehicle model
with single degree freedom system was considerddate! at a constant velocity
over a series of potholes. The suspension stiffaedsdamping have been assumed
to be linearand the closed form expression for rdgponse was derived using
Duhamel's integral. A parametric study was condlitbeexamine the influence of
pothole parameters, such as width and depth, wehealbcity, suspension stiffness,
and damping on the dynamic amplification factoth& vehicle response. The result
showed that when a vehicle crosses over a seripsthbles of similar character at
regular intervals, the response tends to be ineadst state after the initial few
potholes. For a certain pothole width, the criticalocity determines the maximum
response in the vehicle. For determining ride catntbe parameter 'jerk' was found
to be most sensitive to the change in velocity.eghhique for detecting time is a

dependant trend in axle load distribution, whictpisposed by the marking use of
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Gaussian parameters. The parameters remain mdessothe same over time. The
marginal changes in Gaussian parameters are agdibo the local factors or time of
the year during which the data were collected. Aodal studies are required to

exactly identify the factors influencing these paegers.

Nagabhushana (2010) presented that roads arestmofttural assets and
require proper timely maintenance for their upkaag for better and safer intended
services. However, the maintenance and rehahoiitadi metropolitan city roads in
India encounter various problems including theofwihg:

. Geometric and drainage problems are caused byhgasi the pavement
height because of repeated resurfacing by convaaltiet mix technologies.

. High expectations of road users with respect tarckenvironment, comfort,
safety, and mobility with least disturbance toftcafluring maintenance and
rehabilitation activities.

. Difficulties due to closure of hot mix plants iretkicinity (Delhi) to mitigate
environmental pollution. The lack of a road cormatitidatabase also poses
several problems in decision making regarding studysuitable and
economical maintenance and rehabilitation treatmeviarious options are
considered for pavement maintenance and rehalafitatrategies. Cold mix
technologies such as micro surfacing, have beeengpreference as a
preventive measure, whereas surfacing with modifiader and stone
matrix asphalt are considered for the maintenanceanls with heavy traffic
and under designed pavements. The maintenanceshadilitation of urban
roads have more specific problems and dimensiom& approach for

evaluating the needs and the considerations fdr dyggns is rational and
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logical. The life expectancy of road pavementsighér because frequent
interventions are not desirable. The case studyhenDelhi road network
established the fact that the conditions are typama complex; hence,

strategies must be smart enough to provide satisfasolutions.

2.3 SOCIOECONOMIC IMPACT AND TRAFFIC SAFETY

In India, very few studies have been conductethersocio economic impact
and traffic safety unlike in foreign countries. Thew studies conducted on the
socio-economic impact of traffic safety are beiagiewed briefly to understand the

objectives of the research hypothesis:

We identified that the indicators, proper drainaggesign and highway
maintenance, apart from users and vehicle conditiane necessary for highway
road safety. Other factors, such as landscapingkmdation along the highway, toe
and median of the carriageway, especially horidastiarp curve, glaring headlight
of incoming vehicles; and control of erosion on fhepe of the embankments are
also equally important for highway road safety.tRermore, recent studies, such as
those of Thomas (2003), Christopher et al. (20D&yis (2009), Tamer (2011), and

Jansch et al. (2009), were reviewed to identifeaesh gap for safety.

Thomas (2003) applied linear and nonlinear multata statistical analyses
to determine how types of accidents occurring caviauser freeways in Southern
California are related to the flow of traffic, what, and ambient lighting conditions.
Traffic flow is measured in terms of a series ofs30bservations from inductive
loop detectors in the vicinity of the accident prio the time of its occurrence. The

results indicated that the type of collision istyly related to median traffic speed
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and temporal variations in speed in the left andriar lanes. Hit-object collisions
and collisions involving multiple vehicles assoe@twith lane change man oeuvres
are more likely to occur on wet roads, whereas-eealrcollisions are more likely to
occur on dry roads during daylight. According toatirer and lighting conditions,

accident severity has been evidenced to be infagermore by volume than by speed.

The enhancement procedures and recalibrationmatte recent accident and
traffic flow data are necessary before any largdesdeployment of the toll, and is

an important subject for future research.

Tamer (2011) reported the importance of accurtit@atic data investigated
using a case study. The study showed that the mwsieation of the new
mechanistic-empirical design guide led to the nexaent for more accurate inputs.
Climatic data are one of the most important inpbeg affect the performance of
pavement materials. Its importance is investigatethe case study. Climatic files
available with the design guide and developed erbtisis of historical information
for countries in the state of Lowa through the Lolsavironment Mesonet were
used. The climatic files that were interpolatednifrthe data available within the
design guide predicted higher rutting (both totad @sphalt cement layer) for the
northern part of the state; the lower thermal craglkand the lower international
roughness indices were compared to the files dpgdlin the study. Statistical analysis

showed that the results calculated using both greapy.

The case study illustrates the critical role @heturate climatic data plays in

the M-EPDG, and thus, using the forecasting climdtta in developing pavement
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design for future designs is likely to be very impot in developing appropriate

designs.

Christopher (2008) attempted to identify crassalmn by using significant
data requirement, which highlights that the techesyfor screening transportation
network to identify high crash locations have reélyehecome more sophisticated.
The study presents the results of an empiricalyarsabf screening and ranking for
weather-related crashes on rural [1.6 km (1 mighhiay sections of Oregon
highways. The analysis includes data generationektensively using spatial
techniques and incorporating climate data to erdh@amvironmental considerations.
The study compares the results of five ranking weshthat is, ranking the critical
rate by functional class, climate zone, potent@ €rash reduction, expected
frequency (adjusted by empirical-bayes),and frequefor the empirical-bayes
methods, safety performance functions are generasdg negative binomial
regression techniques. The 20 top 1.6-km (1-mi}ices are identified for each
method and compared. The results revealed thatfrdguency and expected
frequency methods identify most common sites, vedid by the rate-based methods.
The potential for the crash reduction method idestithe most unique ranked list.
Although this research effort focused on identifysegments related to speed and
ice conditions, the methodology could be appliedntg number or combinations of
crash variables. Finally, the treatment of seveawitgrash type in network screening

should be explored.

The study by Davis (2009) is based onthe populatib fuels of highway
vehicles. It determines the socioeconomic effechighway improvement on low-

income families. The general methodology can bdiegpo various income classes
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to determine the extent of the impact caused by Imgwvay construction. Penalty
costs are chosen and used to penalise highwaynadigis crossing low-income
areas. Multiple values for penalty costs are usedest the sensitivity of the
generated alignment. Tests are performed to exarttiee robustness of the
developed methodology. The results lead to the reedstablishing appropriate
penalty costs, which is suitable for avoiding lawome areas. This research is the
first step in quantifying the impact of highway stmiction and expansion on low-

income families.

The census data allowed for producing alignmemés sensitive to the
socioeconomic characteristic. A GIS is a great ugs® for automating the
neighborhood cost calculation. This enhances thectipal applicability of the
previously developed highway alignment optimizatiolodel by using data that
represent socioeconomic change with the highways d@multaneously in a

topographical environment.

Otte et al. (2009) highlighted the more importacntident causation data
research. The German in-depth accident study (G)D&3vell qualified to deliver
adequate data to conduct an investigation in ibkig by identifying the causes of
accidents. This study led to the development arpleémentation of a special tool
called the accident causation analysis system (Ad#éiScollecting such causation

data by adopting the GIDAS methodology.

With this system, for each accident participanthe cor more of five
hypotheses of human cause factors were identif@tyahe basic human functions
when managing a situation in traffic. The hypotlseaee subsequently specified

using an appropriate verification criteria. To faaie the analysis of accident
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causes, information collected with ACAS is recorde@ structured code of digits.
Structured questionnaires for on-scene investigabyg the accident participants
makes it possible to easily identify human failuaesl categorise these in the ACAS
structure. Internal analysis of accident causaitidormation has proven that causes
of traffic accidents may be found using this systeith enough details to identify
differences in psychological performances categdrisy the basic human functions

in the situation or the emergence of the accident.

Past studies for identifying typical accident sués of elderly traffic
participants have shown that finding typical ciraiamces and features of accidents
caused by classic accident research data are udtiffi¢his study focusses on
identifying the special causes of elderly traffiargcipants and analysing the
psychological effects, which lead to failures rénglin the accident. The results of
the causation analysis display that with elderlgffic participants, the human
failures are mostly due to perception problems difiiculties while executing a
desired action. The study also reveals that theateun category of an accident has
an influence on the accident severity (injury oated. This is an important factor,
which must be considered when looking for counteasures to decrease severe

injuries or fatalities.

The analysis and evaluation of accident causatiata are necessary to
prevent the occurrence of more accidents. In addittnowledge regarding human
failures is essential for various processes, sushthe development of driver
assistance systems. ACAS is a European methoddimgycollecting accident

causation data. It is used in Germany in the fraroek of the GIDAS accident data
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collection. This study illustrates ACAS in the cextt of reflecting the differences in
the causation factors by comparing younger androd@e drivers involved in

accidents. The study was conducted by focusingndnaaalysing the human factors
(human failures) along with the ACAS-classificatischeme of five categories of

basic human functions that are effective when appiith driving.

For assessing human accident causes using ACAS>xamately 817 non-
elder car drivers (age 25-64 yrs) and 169 elder(age 65+ yrs) car drivers were
selected from the GIDAS database, which contribtbeitie emergence of an injury
accident. The causation factors collected for these age groups were analysed
according to the main human failure categoriesfanddditional details concerning
the subcategories criterion of the main categoridse nonelderly car drivers
demonstrated more failures from the following categs: information evaluation
(misjudgement of a situation) and the planning of appropriate action (e.g.,
intentional breach of rules). In comparison, thaedl car drivers frequently faced
problems with the admission of the necessary inébion (perception) in a traffic
situation and the operation of the vehicle. Thevaht information often was not
perceived by elderly car drivers because of agae@ldisease symptoms and they

frequently faced difficulties while executing of @peration due to restricted mobility.

24 RESEARCH STUDY CONSIDERATIONS

While reviewing literature, a thorough knowledgé few theoretical
considerations, which are the key points of thestk, is required before field study
and data collection. The highway drainage consiaera highlight the drainage

system, type of drainage as per flow, cross draintdge factors influencing drainage
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system, sub—surface drain importance, pavemenacairflefects, surface water
runoff harm, sub—soil drainage, and subgrade webetent. Pavement drainage
criteria moisture with the design consideratiorars essential feature of research
study. In addition, understanding the drainage esystvith pavement design is
essential. The analysis of the drainage systengusimfall data is necessary to
hypothesise objectives. Furthermore, highway roathtenance and transport design

with road safety in India is a key feature that nngsexplained before research.

2.4.1 Highway Drainage Systems
A drainage system is constructed along with higsvtor removing rain

water and moisture from its surface. The two typkdrainage systems constructed
along the highways are as follows: The surfacendige system along the highways
includes water proofing the top surface with a cambading to surface drains and
the subsurface drainage infiltration through pavemnseirface and ground water. In
the event of poor drainage, water enters in thepent layers reducing the bearing
capacity of the road, and thereby its lifetime.dold climates, this problem is

magnified by the risk of frost damage when wateprissent (Hagen et al. 1996).

Therefore, well-performing drainage systems arees®ary in a road design. Roads

are constructed with two types of drainage systerash taking care of their source

of moisture:

. The surface drainage system removes runoff watainféll). A new
pavement has a waterproof surface with a crosgHallleads the rainwater
to the surface drains.

. The subsurface drainage system, which removes dvaater and water

infiltrating through the pavement surface.
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2.4.2 Surface Drainage
The removal and diversion of surface water fromhighway and adjoining

land is termed as surface drainage. The surfacerwsatollected and disposed to a
suitable place. The water is first collected indadinal drains, generally the side
drains, and is later disposed into the nearestamsirevalley, or water course.
Structures, such as culverts and small bridges, Ibsapecessary to dispose surface
water from the roadside drains. Surface drainagdsdeith the arrangements quickly
and effectively removing water that collects on seface of pavements, shoulders,
slopes of embankments and cuts, and the land gitiia highway. The collected
water is led to natural water-channels or artifici@annels, without interfering with
the proper functioning of any part of the highwayluding the embankment,
pavement shoulders, medians, slopes, and strucBseause of the increased traffic
along the highway roads and nearby areas, thetistuaf the aforementioned
surface drainage system has changed, and therefpu@es further research (Wyatt

et al. 1998).

The surface drainage must be made on a pipednsystesave space and
discharge the runoff water. Studies have estimttatiapproximately between 80—
100% rainfall arrive in the surface drainage systmpause of the use of piped
system. However, most of the runoff water might netessarily enter the pipe
system because water may run into ditches alscssoakthe ground (Miller 2005).
The remaining water penetrates into the surfacenaye. In older pavements with
increased cracking, the percentage of water thrt tiorough the cracks might be as
high as 20-50%. Therefore, a regular and propenter@ance of the pavement

surface is crucial. A ribbon development along tigi and the widening of roads
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up to 4 and 6 lanes causes serious problems @csuviater runoff and the presence
of heavy traffic damages the pavement surfaceiimy reeason. Therefore, suitable
changes in the highway drainage system is of utnmgortance (Johnson et al.

1984; storm water centre.net 2005).

2.4.3 Sub-Surface Drainage
The diversion or removal of excess soil water ftbm subgrade is termed as
subsurface drainage; it varies alternatively in plaxity and cost, ranging from the
provision of open-graded drainage layers. A perrdeedlase system is the most
competent subsurface drainage alternative bechig®iporates most of the drainage-
related components. Because designing a draiaggethat will never perish is almost
impossible, the drainage layer was designed tsfgditiree typical conditions:
. To provide adequate permeability for transmittitigrdiltrated water during
rain under partially or fully saturated flow condits.
. To limit the time in which the drainage layer idlyusaturated to a relatively
short duration (few hours or less after the raaps}.
. To provide sufficient structural stability to supp@avement construction

and traffic load (Ridgeway 1982).

The water that enters a pavement has a detrimeffital; therefore, a proper
drainage increases the life of a pavement. Colyyasome experimental results
regarding the benefits of subsurface drainage acertain. Subsurface drainage
adds to the complexity and cost of pavement coasbru The decision-making
methodology or criteria regarding subsurface dgenaaries with an agency.

Christopher and McGuffey presented results reggrtie inclusion of subsurface
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drainage elements from a survey of agencies thmmutgthe United States. The
results indicated that subsurface drainage is eyedltoy many agencies throughout
the United States, although the criteria for thairdige decision are apparently
inconsistent among the agencies. For example, smeacies, such as California
always include drainage beneath concrete paven{§wstt et al. 1998). Other

agencies focus on the anticipated traffic load: eavier traffic load indicates a

greater need for sub-surface drainage. Hence,drcéise of increased traffic, the

importance of subsurface drainage must be considere

Subsurface drainage ensures that the water thds fits way into the
pavement crust form the surface or ground, whiclstnfiead out of the pavement
curst again. The system can be simply made up miysanaterials (drainage layers)
or drainage pipes or both. Variations in the maesttontent of subgrade are caused
by fluctuations in the ground water table, seepiéme, percolation of rain water,
and movement of capillary water and water vapomrthe subsurface drainage of
highways, the variation of moisture is attemptedéomaintained in the subgrade
soil. An optimum performance of a pavement system@chieved by preventing the
entry of water using a well-designed sub-surfacnage system. Most highways
and airfield pavements built in India in the pa$t ¥ars have extremely slow
drainage system largely because the standard dpsagtices emphasise on density
and stability but place and overlook subsurfacendge. The damaging effects of
excess moisture, which enters a pavement’s steictbave been identified.
Furthermore, moisture in the subgrade and pavermsfnotture can enter from
different sources. Water may seep upward from h grgund water table or it may
flow laterally through the pavement edges. Knowteddout ground water and its

movement is critical for the pavement performance thhe stability of the adjacent
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side slopes. Ground water can be particularly tesdme for pavements in low-
lying areas (Yu et al. 1998). Pavement failure esauhen the pavement is below
the general ground level or the water table is icenably high. The combined
effects of moisture in the pavement and heavy itrdfiad reduce the overall

performance of a pavement system (IRC-SP-42, 19342

The water penetrates pavements through jointsksrand other defects in
the surface that provide an easy path for subseineter. This problem increases
with the age of pavements because of deterioradimmng which some cracks
become wider and more abundant. The joints andsedgteriorate into channels
through which water flows freely (UNI-group 1998his causes more water to seep
into the pavement structure, which in turn leadstoelerated moisture distressing
and pavement deterioration. Excess moisture invemeant structure can adversely
affect pavement performance. A pavement structare lme stable at prescribed
moisture contents and may become unstable if therrals get saturated because of
high water pressures develop under heavy traffiatéVin the pavement structure
can freeze and expand, thus developing high interessures on the pavement
structure. Flowing water carries soil particlesdieg to clogging of drains with

increase in traffic.

Subsurface drains are chosen on the basis ofusafactors, such as the
ground water distance between the pavement cohistmugnd ground water table.
The required distance is suggested to be betweem3hd 3.2 m, approximately; it
can vary depending on the depth of the water tAlileerever the ground water is at
a shallow depth, the drainage layer is often thiclkan extra drainage layer is

constructed, or drain types that transport moreewatre chosen. The most
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commonly used edge drains for collecting subsurfeater are in the form of a pipe
at the bottom of the drain edge. The pipe leadsvtter to the drains; the subsurface
water is often combined with the surface waterriiguthis study, Author observed that
for most highways, the drainage water disposal lprobvas due to quick ribbon
development, rapid transport development faciity] abrupt change in the use of land.

Hence a systematic research felt essential by pngpaell designed questionnaire.

2.4.4 Cross Drainage

Whenever a highway is constructed over a rivestaam, cross drainage is
provided. Sometimes water from the side draindsis diverted away from the road
through cross drains. In general, highways invadvenechanism that makes the
water cross up to 6 metres, and such cross drastagetures are called culverts. A
structure with higher discharge and greater litgasi called a bridge (IRC-SP-42,

1994-2004).

2.4.5 The Factors Influencing a Drainage System
1. Drainage layer

2. Flow of water

A drainage layer is important in a drainage systéhe subsurface drainage
system includes a (permeable) drainage layer inpdaement. Some countries
always use a drainage layer in standard desigdsfirzaing any country not using a
drainage layer is rare. There are different nati@aamventions based on which a
layer in the pavement works as a drainage layewite et al. 2001). A drainage
layer, is essential for draining subsurface watel prevents pavement decay. The

layer might more or less clog with time. The finarticle content might increase
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because of the degradation of aggregates and/amatioig of fine particles from
other layers, which causes decreased permeahildyirecreased frost susceptibility

(Bean et al. 2004).

Water flow in the pavement layers reduces theibgaapacity of roads and
thereby their lifespan. In cold climates, this demb increases because of frost
damage in the presence of water. Therefore, welbpuring drainage systems are

important in highway road designs.

The drainage of surface and subsurface watertad mi road designs and
construction. From point of view of the landscag#face water is a major concern.
Water collection on the roadway or uncontrolled evatollection on the adjoining
highway land is not only harmful to the road stuetbut also not permissible from
the landscape point of view. The disturbance to nhéural drainage must be
minimum (Lovering 1960). In many cases, it is besgble to develop low-lying
areas by the roadside into beauty spots by ussgtable plantation scheme, or take
advantage of the natural tendency of water to reomeards a pond. For ensuring
better surface water drainage, the road cambeiaheuconsistent with the rainfall

of the area and the surface texture of the rodd@ng.

In addition, shoulders should have the requisitpes and the profile
between the pavement and shoulder should be withreaks. Side drains should be
appropriately connected to natural outfalls. Wherevecessary, intercepting drains
should be provided and other measures must be takenotect natural surfaces
from water erosion (IRC-SP-42, 1994-2004). Surfdainage in urban areas is

generally ensured through a gutter and curb arraagewith drain inlets connected



Literature Review and Thearetical Considevations 46
g

to the storm water system. Desirably, all unpavezhs in highway cross-sections
should be provided with erosion-proof turf to pretvsoil from being carried into the
storm sewer system. A lack of effective erosiontadmmay result in small channels

or eroded areas, which may be costly to repair (Eo¥991).

2.4.6 Importance of Subsurface Drains

Regular checks and maintenance are required ®rdthinage systems to
work properly. The intervals of monitoring vary gtly from after construction or
when pavements show distress to a specified irdtervadrain maintenance
guidelines, (every two years). Inspection can ki bsual and on video, depending
on pipe diameters and drain types (Burk 1991). ditadlem encountered with sub-
surface drains is that they fill with impermeablaterials or clog particularly after
heavy rainfall. Collapse of asphalt-treated dragndayers, normal deterioration,
crushed pipes, poor outlet conditions, outlets \aitiegative slope, poor compaction
of asphalt cap materials; difficulty in inspectiohlong mainline pipes (>50 m); root
penetration; generation of ferrous oxide and calcigarbonate; insufficient
capacity; inadequate water velocity; the (plasfi@inage of the cover for inspection
at the slope (sometimes because of the snow clEarainroads); and access for
inspection and/or remediation is not possible. Shbsurface drains, if used as a
combined (French) drain are known to deteriorbgerbad foundation because of
large volumes of water being introduced into ithew the system is blocked up

(Hassan et al. 1996).

2.4.7 Drainage with Pavement Surface Defects
The defects of the first part include fatty suefsc smooth surfaces,

streaking, and hungry surface. Cracks (hair lireeks, alligator cracks, longitudinal
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cracks, edge cracks, shrinkage cracks, and reftectracks) are dealt with. The
deformation of the second part are grouped as alpp rutting, corrugations
shoving, shallow depressions and settlements, wplgeand disintegration covering
stripping loss of aggregates, revelling, pothotey] edge breaking (Peshkin et. al.
1989). The improvement and development projects h@hways require the
inclusion of a proper drainage for optimum maintegand safety. This improves
VOC and travel time by introducing an adequatendige system considering future
maintenance and site conditions of highway. Adegudtainage is a primary
requirement for maintaining the structural soundressd functional efficiency of a
road. Pavement structures, including subgrade, bmigtrotected from any ingress
of water, which will otherwise weaken the sub-grdme saturating and causing
distress in the pavement structure (Bean et akR0therefore, new rapid dispersal
of water from pavement and subgrade is a basicidenagion in highway design
systems. Quick drainage implies the removal of watan the pavement surface.
This reduces chances of skidding of vehicles beranfs inadequate surface
drainage. The structural stability of pavement epehdent on the strength of the
pavement structure and subgrade, which might wedletie infiltration of water
from the top. The shoulders, verges, and embanksiepes are eroded by water
running off the pavement (Hall 2003). A drainagelpem is caused by excess of

water either on or below the surface of the paver(&muzelius 2004).

2.4.8 Surface Water Runoff Harm
Water must be removed from areas of the carriage@wdootpath, where its
presence would be harmful or dangerous to roadsudsgcause it leads to

deterioration. Flowing water has the capacity tmage roads when flowing down
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the shoulders and side slopes (Wada 1997). Irpthisess, the water causes erosion
and again deposits the material causing siltatioanather point and both require
provision of measures to reduce the damage beadugeeorgia S.W.M. Manual
2002). In situations including incorrect road pleofiand in conducive and slow
drainage, pools of water may form, thus weakenegpavement course and leading
to skidding, hydroplaning, or splashing of watehjat is a nuisance to vehicles and

leads to accidents (Pratt 1995).

2.4.9 Subsoil Drainage

Subsoil drainage sustains the stability of pavemethin design tolerances.
In many instances, the soil surface may appearadityough waterlogged soil below
subgrade may cause serious damage to the road Thestvater may enter the sub-
grade from the ground by infiltrating the surfack pavements, shoulders, and
verges (Izzard 1944). The water must be collectedubsurface drainage systems,
which in turn discharge it into a clear drainagstegn of the road (Mottola 1991).
The investigation methods for estimating the ratésurface water infiltration,
ground water levels, and form of flows are impottéor engineering a drainage
system. The study of pavement drainage of bothiblexand rigid pavements
concluded that the drainage should be treated sexies of permeable layers and
added that precautions are necessary to protesutigrade (Robert 1999). The use
of self-draining materials and introduction of meares have facilitated in
controlling the migration of fine materials frometisubgrade (pumping).Relatively
small migration of fine materials from the subgrdade the sub-base voids can

critically reduce the capacity of the sub-basectoas a lateral drain.
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Urban roads are usually on flat terrains. The nidzdion of areas and intense
density of construction requires a well-planned irdige system. Roads and
highways do not have distinctly separate drainagtess. Water from the road
joins the road side drain through inlets or graingor effective drainage, this
should join the peripheral drains, which in turogkl join the main drain trunk for
ultimate discharge to the natural drain (Wyattletil@98). It would be necessary to
divide urban areas into drainage basins. Therefst@m water drainage must
consider alignments, ground levels, and outfalelevExisting drains pass through
highly developed and thickly populated areas, whmeky cause a problem of land
availability for increasing the capacity of draiBesides, these drains should be able
to cater to the increased discharges resulting fiem colonies and urbanisation. An
important aspect of such drains is to ensure a gefuetity. In general, silt and other
materials collect in large quantities in the betheodesign needs to ensure self cleaning

velocity during dominant and also in lean flow ciinds (Ridgeway 1982).

In most urban areas, the responsibility for thsigie and construction of
peripheral and trunk drainage systems rests witlalldodies, for example, the
Municipal corporation. The report emphasises onrtiie of a proper drainage to
ensure longevity of pavement. Among the measurestiomed herein to guard
against poorly drained conditions is the mainterasfdransverse sections in a good
shape to a reasonable cross fall to facilitate kquim-off of surface water and
provision of appropriate surface and sub-surfacaindr Some other measures
include extension of granular sub-base over theeefdrmation width, provision of
drainage layer, and adequate height of formatieallabove HFL/ground level. In

addition, infiltration of water under the pavemémtough adjoining earth shoulders
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(verges) is a major cause of weakening of the pamtnRoad design must take

these causes into account.

Poor drainage causes losses, which are directirehicect in the form of
damaged highways and reduced serviceability. Dedpe recurring losses incurred
by the society and government, drainage systemsairas adequately prioritised as
infrastructure in India. Adequate priority should given to drainage development
and satisfactory arrangements must be ensured dpeprdesigning and planning
(Brown 2003). Despite measures for the quick digenaf the pavement surface and
provision of a fairly watertight surface, water enstfrom the top and travels through
various pavement layers and accumulates at thdaoeeof subbase or base course
and subgrade. The boxed-type pavement section aimesiderable functional
problems in new road constructions. The aspecbeattealt by providing a drainage
layer at this level in the existing boxed-type pagat construction (Brown et al. 1996).
Because of acute problems, special measures mukbbght and taken as per actual

site requirements for draining out the locked waRRC-SP-42, 1994—2004).

A clear idea was obtained about the internal @genof a pavement structure
including permeability reversal conditions where iapervious course is overlaid
by a more pervious course. A stabilised solil layesrlaid by water-bound macadam
is essential for avoiding pavement structure malfion because of inadequate
drainage facilities; therefore, the pavement behavshould be understood. Suitable
remedial measures must be taken to ensure theedegerformance during the
service life of the pavement (Moulton 1980). Coesidg the importance of the
drainage of highways, we decided on guidelinesféatures covering the specific

requirement for different situations in additiorg@estionnaire was also prepared.
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2.4.10 Water Content Sub Grade

The parameter of the resilient modulus of soiingportant. The resilient
modulus of cohesive soils is not a constant stiffperty and highly depends on
factors, such as the state of stress, soil strest@and water content (Baldwin 1987).
Because of the complexity of conducting resilieotdonus testing, numerous efforts
were made to develop the predictive equations bgrporating state variables, such
as confining stress, bulk stress, deviator stigss,soil physical properties (Hajek et
al. 1992). Because of its sensitivity, the restlisrodulus of cohesive soils depends
on the water content and stress state. The sodistare is likely to vary underneath
the pavement. The development of a simple and ateyprediction equation for
predicting the variation of the resilient moduliexcuse of changes in the stress and

moisture content of cohesive soils is importantli(B@03).

2.4.11 Drainage Effect on Pavement Design

The principal cause of premature pavement faikithe presence of water in
pavement systems. The Indian road network, withentiban 3.3 million km is under
one of the world's longest road networks (loannidesl. 2004). Most highways
built in our country have very slow drainage syserbecause standard design
practices emphasise on density and stability amaeplittle importance on the
subsurface drainage. The poor subsurface drainagegbways leads to extensive
costly repairs or replacements long before thegaadch their design life (Heckel
1997). Subsurface drainage is a key element inddsign of pavement systems.
Indiscriminate exclusion of this element assuretyses the premature failure of
pavement systems, thereby resulting in high lifexycosts (Maupin 2004).

Excessive water content in the pavement base, asd-land subgrade soils causes
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early distress and leads to structural or funclidagure of pavement if counter

measures are not undertaken (Woelfl 1981).

2.4.12 Pavement Design with Drainage
The pavement behaviour with slurry drainage systsmcrucial for

examining widely accepted pavement design procedorethe new construction or
reconstruction, overlay, and rehabilitation of paeats (Mathis 1989). Pavement
designing ranges from flexible pavements, seleatiooptimal thickness of various
pavement components, rigid pavement design, apptegoint design, and design
of concrete block pavements to rational methodesighing the overlay thickness
(Baldwin et al. 1987). Pavement design for highwaads is particularly challenging
because the cost is always a major factor. Altereatesigns and materials can be

used (Forsyth 1987; Hauer et al. 2002).

Pavement design procedures include new constructaterials and recycled
materials, low-temperature fracture parameters avfventional asphalt concrete,
asphalt-rubber mixture, service lives of pavemenintj sealants, and testing
procedures for pavements. The important materal@&bly include triaxial testing,
fatigue response of asphalt concrete mixtures, sugceptibility of large stone
mixtures, visco-elastic behaviour of asphalt cotgréeld impregnation techniques
for highway concrete, moisture content in PCC payas) and back calculation of

pavement layer modules (Hansen 1998).

2.5 PAVEMENT DRAINAGE CRITERIA COMBATING MOISTURE
Because of saturated flow conditions, two différapproaches are typically

considered for the hydraulic design of a pavemegsitesn: the steady-state flow and
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time-to-drain conditions (Pratt 1997). However,raating the design rainfall rate
and rainfall portion that enters the pavements dmates the application of steady
state analyses. Therefore, engineers nowadaysr piedetime-to-drain approach
(Sharpe 1991). This approach is based on flow egtehe pavement until the
aggregate base course is saturated. After satoraie excess runoff does not enter
the pavement section and simply runs off the pamemmarface. After precipitation,
the base will drain to a drainage system (Rutkovetkal. 1998). This approach
drains 50% of the water, and does not considemtuer retained by the effective
porosity quality of the material (Shober 1997). efenthe proper consideration of

combating moisture in flexible pavement includesftilowing (Siew-Ann et al. 2003).

2.5.1 Prevention of Moisture from Entering the Paveent System

Conceptually, the best approach for reducing tb&irdental effects of
moisture is to prevent moisture from entering tlaegment system. An effective
means for minimising surface infiltration is by pring adequate cross-slopes and
longitudinal slopes to promptly drain water frone thavement surface (Balades et
al. 1995). In general, the less time the waterll®nvad to stay on the pavement
surface, the less moisture infiltrates throughtmiand cracks. However, moisture
enters the pavement system from a variety of ssu@ed nothing can prevent it
completely (Shober 1997). Nevertheless, a propsigdecan minimise the amount

of moisture entering the pavement system.

2.5.2 Provide Moisture-Insensitive Materials
Another means of preventing moisture-acceleratedagje is to use moisture

insensitive or non—erodible base materials thatlese affected by the detrimental
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effects of moisture (Bachtle 1974). However, altjflosome materials can reduce or
delay the detrimental effects of moisture, the mwesinsensitive materials by
themselves may not fully address moisture-relatetlpms in pavements that are

heavily loaded (Siew-Ann et al. 2003).

2.5.3 Cement-Treated Base (CTB)

In addition to the conventional strength testiag durability, CTB materials
are checked for resistance to moisture erosion (294). In addition, an aggregate
sub-base is recommended to prevent pumping anidskeof fine materials beneath
the treated base in areas with adverse site condifle.g., high design traffic, wet

climates, and high amounts of pumpable fines irstiEgrade).

2.5.4 Asphalt-Treated Base

Hot-mix asphalt (HMA) base materials can also ffecéive in minimising
moisture problems in HMA pavements. The strippihgsphalt binders because of
many factors, but particularly aggregate charasties and inadequate film
thicknesses, is the major problem with asphaltttcbase (ATB). Therefore, just as
with CTB, adequate film thickness of asphalt arotine aggregates and quality
aggregates are required in ATBs to ensure long-thumability (Hall et al. 2003).
The ATB layers should be constructed using higHityuaggregates, and the design
should be consistent with that of a dense graded\Hbisise course layer defined in
the mechanistic empirical pavement design guidegemneral, high asphalt content
ensures adequate film thicknesses around the amgsegthereby increasing

resistance to moisture (Highlands 1988).
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2.5.5 Open Graded Base Materials
Granular materials with high amounts of crushedtenms, low fine

contents, and low plasticity may also be used wstehe effects of moisture
(Baldwin 1987). These open-graded materials probiteer resistance to the effects
of moisture than dense-graded materials with higé ¢ontents (Field 1982). First,
open-graded materials allow easier movement of ton@shrough the material, so
the layer remains saturated for less time. Secthedreduction of fines implies that
there is less material that can be ejected thrgoigits and cracks. However, the
stability of these untreated permeable base lajgera major concern because
settlement can lead to serious problems and thust el addressed adequately

(Forsyth 1987).

To obtain adequate pavement drainage, the desgirarld consider three
types of drainage systems that include surfaceunglwater, and subsurface
drainages. The systems are effective for ‘free wated water held by capillary
forces in soils but not in fine aggregates, whiahrot be drained. All three forms of
drainages share a symbiotic relationship and shbeld¢onsidered together in the
overall drainage design. Use of subsurface drainagbe pavement structure to
reduce moisture-related problems and draining efwiater from the pavements is

well known (IRC-SP-50 1999).

2.6 HIGHWAY MAINTENANCE
The proper maintenance of highways in the aforeimeed drainage
situations is of great significance. Maintenancerapjons can be classified in three

groups: Routine maintenance embracing work iteras si$ filling of potholes, and
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repairing of cracks, which are required to be edrmout by the maintenance staff
almost throughout the year. Periodic maintenancasis required, which includes
covering more extensive maintenance operations asi@pplying a seal or renewal
coat, which are required to be done periodicallgrevew years; rehabilitation; and
strengthening, which refers to major restoratiompyrading of the pavement through

the reconstruction or application of overlays tife structural deficiencies.

NHs play a major part of transport network in gveountry and their
maintenance is an important activity for the highvwepartment. The safety and
convenience of traffic on the road are governed large extent by the quality of
maintenance. The operational economics of roadspan is influenced by the
degree of maintenance imparted to the highway rdad$eveloping countries such
as India, pavement thickness designs with lowerciBpations are required to
achieve overall economy. The financial resourcegd@icommand of a maintenance
engineer are always lacking, and it becomes negetsaise the same in the most
judicious manner by applying the best engineeriragtices and managerial skill for

smooth movement with the increasing traffic on NHadberg 2002).

The first step of planning maintenance operat®toi evaluate the existing
pavement in terms of its physical condition, stuuat capacity, roughness, and other
factors. Therefore, condition surveys are undertd&e the visual assessment of the
pavement, which would not only cover the type blsbahe magnitude of the
distress and its location (Vitaliano 1990). In ddai, pavement surface evaluation
based on riding quality (i.e., highway roads rowgg®) and skid resistance should
form the basis for taking maintenance decisionseldsary information regarding

the routine maintenance needs must be readilyablailoecause the maintenance
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staff members are expected to be continuously epdabout the physical condition
of the road. However, for periodical renewal regments or long term maintenance
strategy, condition surveys are carried out atales frequency. It is also desirable
that at least two condition surveys are conducteeach stretch of the road every

year, before and after the monsoons (Link 2002).

Secondly, the maintenance operations can be fidaksn three groups:
routine maintenance—embracing work items such #mgfi of potholes, and
repairing of cracks, which are required to be cabed by the maintenance staff
almost round the year (Bruzelius 2004); periodicimt@mance—covering more
extensive maintenance operations, such as appdyseal or renewal coat which are
required to be done periodically every few yearsid arehabilitation and
strengthening, which refers to the major restoratd upgrading of the pavement
through reconstruction or applying overlays to ifgctstructural deficiencies

(Hawzheen 2008).

Maintenance operations are classified in two grdgisw:

. Routine Maintenance: This refers to embracing wiaks such as filling of
potholes, and repairing of cracks, which are remito be conducted by the
maintenance staff almost round the year (Jose 2002)

. Periodic Maintenance: It covers more extensive teasnce operations such
as applying a seal or renewal coat, which is reguio be done periodically

every few years (IRC, 1982).

2.7 TRANSPORT DESIGN AND SAFETY
During the last 50 years after the independendad, the transport system

has expanded and improved, and efforts to ensfieéysand convenience are being
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made. The management of transportation or traytesn is becoming difficult with
the growth of highways and other roads along witbreasing population and
vehicles. The road and highway transport is mandoyethe government of India.
The transport department and highway authoritieseagaged in a constant struggle
to make the system safe and to overcome congemtidnmaintenance of the roads
(Hauer et al. 1997). The importance of transposigfe safety is growing with the

increase in the rates of occurrence of crashesaalities.

To solve congestion problems, engineers largelygest increasing the
system capacity. This has proven to be a short-¢edotion in larger transportation
systems (Monsere et al. 2006). The lack of adeqoatéinuous maintenance and
effective drainage system overload many roads agluiMays. The public transport
services are inadequate to provide congestionfreiticularly for long highways.

At the outset of the Zlcentury, many components of our transportatiotesysare
fast approaching or have already exceeded theigme3he vaunted roadway
system is suffering from wear and tear becausaeXpected high use. Since the era of
building, large or substantially enlarged existgygtems seem to be at an end except,
perhaps, for new transit lines. The major challengee now the rebuilding of the

transportation system and its more efficient asppoasible use (Persaud 1993).

The landscaping and plantation along a highway pla important role in
providing road safety to users and defining thedand median of the carriageway;
particularly, horizontal sharp curve during the htigPoch 1996). It prevents the
glare from headlights of incoming vehicles and colsterosion on the slope of the

embankments. Trees along the embankment slopeseandnajor water bodies play
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a major role in controlling erosion. Similarly, grecover stabilises steep slopes and
high embankment, thus moderating the effect of vand incoming radiation. Large
trees, with thick foliage, provide much needed shedthe glaring hot roads during
summer. Historical places may be defined by lamisgaand turning as per the existing

scenarios (Seeck et al. 2009).

2.8 TRANSPORTATION PLANNING AND OPERATIONS
The planning of transportation facilities is antegral part of civil

engineering profession (National Oceanic A.A. 20@yYil engineers developed the
first systematic comparison of urban land use, tdated the methods for
forecasting future travel demands, trip generatigp,distribution, mode split, and
traffic assignment, and analysed spacing requiré&nefhe role of planning in
transportation is vital for strategic or tacticakkiations and predictions of travel
demands, land use patterns, and air quality iskuregrious transportation modes
for both passenger and freight movements (Lord @085). Planning and operating
appear most prominently in the field of traffic @mgering for surface transportation.
However, transportation engineers also confronhrptay and operating issues in

facility management (Mazumdar 2012).

The important political, economic, and social ttenhave affected the
evolution of transportation planning including #a$causterity as a theme of
government policy, changing roles of automobilesyimnmental concerns, and
changing household characteristics (Miaou 1993).India, the state transport
authorities and NHAI manage the transportationesystThe system has improved

over the years with computerisation (Ouyang 2006).
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2.9 ROAD SAFETY EFFORTS IN INDIA

The theoretical considerations on road safetyresffare essential as the result
of increase in accident data. Various efforts taimise the growth of accidents on
Indian roads are as follows: The Government ofdnals pursued the road safety
audit (RSA) on existing and proposed new highwakbauer 1997) and the
Government of India has taken several initiativelsich include the formation of a
committee under the chairmanship of Shri S. Surieammer Secretary (i.e., MoST)
in 2005 to deliberate and make recommendationb®greation of a dedicated body

on road safety and traffic management (Hauer ét98).

The Committee subsequently recommended a NatiRoat Safety (NRS)
policy, 2007, which was approved by the governmentvlarch 2010. The policy

covers the following focal points:

. To promote awareness about road safety issues.
. To establish a road safety information database.
. To ensure safer road infrastructure by designirfgrsaads, encouraging

application of an intelligent transport system.

. To ensure fitting of safety features in vehiclestts stage of designing,
manufacture, operation, and maintenance.

. To strengthen the system of driver licensing araihing to improve the
competence of drivers.

. To take measures to ensure safety of vulnerabtéusars.

. To take appropriate measures for enforcing saéatg.|

. To ensure emergency medical attention for roadlactivictims.
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. To encourage human resource development and rbseaadcdevelopment
for road safety.
. To strengthen the enabling legal, institutional] &nancial environment for

promoting road safety culture in the country.

In addition, the government formed the NRS andeSRoad Safety councils
and District Committees as the apex bodies for reefdty established under the
Ministry of Road Transport of states or union temes (UTs) (Sunder Committee
report 2010). The ministry had requested all states UTs for setting up the State
Road Safety Council and District Road Safety Coreag and to hold their
meetings regularly so that the right message fdving road accidents reaches to all
concerned and due priority is given to road saf8tyall et al. 1989). Most of the
states and UTs constituted their respective StatadRCouncils and District

Committees by 2011.

The Central Government took the following stepduxher improve road
safety for users:

. The government approved an NRS Policy. This pobeplines various
measures, such as promoting awareness, establisiadgafety information
data base, encouraging safer road infrastruct@teinbludes the application
of intelligent transport, and enforcement of safatys.

. The government constituted the NRS Council as pex &ody to take policy
decisions in matters of road safety. The ministguested all states and UTs

to set up State Road Safety Councils and DistricdRSafety Committees.
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. The ministry adopted a multipronged strategy toresl the issue of road
safety on the basis of four E's of road safety thalude (i) Education, (ii)
Enforcement, (iii) Engineering (roads as well ashigles), and (iv)

Emergency care.

. Road safety was made an integral part of road mesithe planning stage.

. RSA of selected stretches of NHs and Expressways.

. Establishment of driving training institutes.

. Tightening of safety standards of vehicles, such afshelmets, seat belts,

power-steering, and rear view mirror.

. Publicity campaigns on road safety awareness.

. Refresher training for heavy vehicle drivers.

. Setting up of institutes for driving training aresearch.

. Establishing the NH Accident Relief Service Schefmeproviding cranes

and ambulances to states, UTs, or NGOs for ratidfrascue measures in the
aftermath of accidents by evacuating road accidectims to nearest
medical aid centres and for clearing the accideat s

. Enforcement and implementation of various rules r@galilations relating to
road safety equipment. So far, under this schemeerceptors were
sanctioned for detecting the violation of rulesrogd users, such as over
speeding, drunken driving, lane jumping, and damgedriving.

. Publicity measures and awareness campaign on adeiy.s

. Setting up model inspection and certification cesfior vehicles. Because of
the aforementioned efforts, a slight change wasrms in the accident
trend and deaths. Additional research is requioecbtrelate highway safety

to the maintenance and drainage design of therayste
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This chapter highlighted the literature review dheéoretical considerations.
Focus was given to the importance of drainage sysied factors required for
improving the design. Furthermore, the maintenasfckighways was summarised
with special emphasis given to the routine andqgaizimaintenance, rehabilitation,
and strengthening. In maintenance, regular evalmais required to assess the
condition of highway roads. A study on maintenasgstems revealed that drainage
and surface defects are important factors, whighire special attention, apart from
the pavement design, to prevent moisture. Findédly safety and maintenance, the
mechanism of transport, design, and planning asentsl features to be considered
before deciding the research methodology. Hencghway drainage directly
correlates with maintenance and indirectly relatfety and requires a systematic

study for identifying necessary features and caoast
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CHAPTER 3
MATERIALS AND METHODS

In this chapter, the primary and secondary datleated from various
government websites are provided. To fulfil theeshbjyes of this study, pavement
maintenance and safety were undertaken. The stumjyoped to understand the
results, which were obtained by analysing the @@atdurther discussion in view of

future considerations and recommendations.

The present research focuses on the highway dminaaintenance, and
safety issues. Because of the rapid increase fircteand ribbon development along
the sides of Indian highways, catering to huge remads vehicles is considered to
decide the necessary variables of the perceptioweguin the semi-structured

guestionnaire.

Essential data were collected in forms of bothmpry and secondary
information, which were analysed for hypothesisitig highway drainage for
optimum maintenance and safety (FHWA 1992). Thenary information was
collected through a survey conducted on the salesttetch of NHs taking random
samples in research aspects. The perception swwoegucted highlights the
maintenance cost of their vehicles, reasons ofdaots, drainage systems, and
damages to pavements to identify required improvesn®r the highways. The first
half of respondents of the questionnaire consishainly highway vehicle drivers.
The second half of the survey consisted of detaitgédrviews of relevant civil

engineers and other officials to understand thélpro on the present design and to
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identify features of future economic and safe desigy improving the conventional

design execution.

Secondary data collected on highway roads coneistainfall, accidents,
accident deaths, number of vehicles, and annuahter@nce cost (Ahuja 2005).
These data were collected from different governnwegibsites, such as the NHAI,
Meteorological Department, and road transport rmpisto obtain relevant
information. The study regarding stakeholders pwice on highway roads was
started with the overview of the study area, thatRiajasthan. It includes the present
economic and infrastructure scenario of roads, simvent details, road types, and

transportation in SHs and NHs (R. Development tmam 2005).

3.1 STUDY AREA

The exact location of the study area situatedaja&han is on the highways,
at the entry and exit to Jaipur. The perceptioa @dthe study area were marked on
the GT map represented in Figure 3.1, which exhithie NHs from Jaipur city, i.e.
Delhi to Mumbai (NH-8), Agra to Fathepur (NH-52)ai@ur to Jabalpur road
(NH-12). The preliminary study was carried outdentify features and variables of
the perception survey on the basis of field datdected by consulting highway
technical experts. The brief description on thelgtarea (Rajasthan) includes an
economic study, infrastructure, and road transpetivork, which are mentioned in
the next successive section (Economic survey cadiagn, 2012). The study data
regarding the variables and features are collaotéae form of preliminary data, then
through an opinion survey conducted through a sémetured questionnaire enclosed in

Annexures Al and A2.
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3.1.1 Brief Discussion on Study Area

The preliminary perception survey was conductechighways at the entry
and exit to Jaipur in Rajasthan. After the indepeng of India, Rajasthan was
formed as a result of integration of several priynatates in 1949.1t is situated in
north-western India and is spread across the barfiBakistan. It has 33 districts
with the capital city of Jaipur, which is a welldwn tourist place in India. The
population of Rajasthan according to 2011 census approximately 10 crores of
which approximately 70% reside in rural areas. Agehportion of the state is
covered by the largest Indian desert, the ‘ThareiesThe most famous Aravali
range runs diagonally from south-west to north-gastugh its middle territory. The
Aravali range splits the state into two geograptaoaes, desert at one side and a forest
belt on the other side. Nearly 61% of the stater¥1 districts and approximately 40%

of its population lies in the west of the Aravatighe Great Indian Desert.

The geographical diversities of the state haveeradxtremely vulnerable
to draught and scary conditions. Approximately 9%he state falls under the forest
zone (ESI 2012). The absence of perennial rivensonthern, western, and central
part of the state and the availability of groundtevaat considerable depths pose

serious problems for the availability of drinkingter.

Even after several developmental efforts by bothtes and central
governments, Rajasthan is one of the underdevelstads in India. It has limited
resources for its development and depends upon n#ighbouring states. The state
is culturally rich with a history of loyalty, priggeomance, music, and poetry. It is
also famous for textiles, semi-precious stones, &aaddicraft and traditional

colourful art. This state is famous for the fortglgalaces, which attract national
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and foreign travellers. Recently, several famoussgmlities from films and
businesses around the world have started orgaressgts in the beautiful forts and

palaces in Rajasthan (Economic Survey of Rajas?bag).
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Figure 3.1. Study Area GT Map around Jaipur City (Rajasthan)
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3.1.2 Economic Study on the Research Area

The gross state domestic product (GSDP) is the mbnetary value of all
the final goods produced and services renderechlycanomy during a given year,
before making any provision for consumption of fixeapital. According to the
Economic Survey 2012, the constant GSDP (2004—0%a GSDP of the state in
2011 was Rs 1960 crore compared to Rs 1780 crdresigear 2010, registering an
increase of 9.6% over the previous year. The ecgnoithe state is nearly
dependant on agriculture, 22% of the state’s GD®&btsined through agriculture.
Rajasthan has cultivated areas of almost 20 milheatares but only 20% of the
total cultivated area is irrigated. The main craps food grains, pulses, oilseeds,
and sugarcane. The state has emerged as a leadmgdgoroducer in case of rape,
soya-bean, and mustard. The availability of inadafrastructural facilities,
financial assistance incentives, and concessionge harovided a favourable
atmosphere to the state’s industrial and minersivides. The state has recently
acknowledged a liberalised industrial and mineeadaiopment policy including many

simplifications of procedures.

Infrastructure development, such as the avaitghbilf power, water, roads,
and transport, are being greatly focussed uporhabthe state comes up to rank
among the few premier states of the country incseconomic development. In the
state, the GDP share of transport and allied seatas more than 5% in 2010-11. With
the extensive increase in the network of rural rmathe last 10 years, a tremendous
growth is seen in rural areas. In addition to othenefits, education, medical, and

health care facilities have increased substanti&§R 2012).
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3.1.3 Infrastructure of Study Area

An integrated network of communication is necesdar rapid economic
development. It is an engine of development folicadjure, commerce, transport,
education, health, social welfare, and law and pndhich improve because of mere
availability of good road network. Although the doaetwork carries a larger share
of traffic, railways receive the major share ofastment, which is almost double
than that invested on roads. There have always #e@xtremely low allocation of
resources or funds than that demanded by road ighavlly planner, which causes
poor road specifications and maintenance. In tee 3a6 years, the allocation of
funds for roads in the state and central plans hastaced from 9.30% in the first
state plan to 6% in the eighth plan and furtherelesed to 4.64% in the twelfth state
plan. In the eleventh plan of the central governmd#re transport expenditure to

total outlays was 7% (Figure 3.2).

0%
10 6%
M General Services ® Economic Services
M QOthers M Social & Community Services
® Power MIndustry & Minerals
® Transport M Scientific Services

Figure 3.2. Distribution of Expenditure of EleventhPlan (2007-12)
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Figure 3.2 presents a percentage distributionhef éxpenditure of the
eleventh plan (2007-12), which includes 36% for egw27% for social and
community services, 1% for economics services, 6%gkneral services, 1% for
industries and minerals, and 22% for other acésitiThe Planning Commission
approved the eleventh five-year plan of the st&tB71700 crore from the total
outlay of Rs 31800 crore in the earlier plan perietich was more than double. The

transport sector share in the total outlay wasamately 7% as mentioned earlier.

3.1.4 Transport and Road Network System of the Sty Area

A healthy transport system is an indicator of @gunit health and
development of a state. All types of developmethigtiver in agriculture, commerce,
transport, education, industry, health and socelfare, and law and order, can be
improved by a better transport and communicatiostesy. An integrated and
efficient communication mode is necessary for dq@d economic development of

the state (Economic Survey 2012).

The state had a very poor network of road anevegts after its formation in
1949. Therefore, it continues to be underdevelofyeth the point of view of
communication despite providing the much requimaeestment. In the absence of
inland waterways and inadequate expansion of rg#yweoads provide the major
infrastructural link. During the plans, focus was the development of transport
and communication infrastructure with a view to opg remote areas of the state
with better and more roads for social and economexelopment (Annual report

P.W.D. 2012).
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The state is presently making several effortstiengthen the road network
because of which (on 31st March, 2011), the todaldrlength in the state was
recorded at 128000 km. The road density in thee stets 55.09 km per 100 krat
the end of 2009-10 and 55.23 km per 106 kmthe end of 2010-11. The number
of vehicles in the transport sector has grown igder the last several years. The
total number of motor vehicles registered with ttansport department of the state
was 69.98 lakh until December 2009, which reachéd& lakh by the end of

December 2010 with a 11.26% increase.

The state road system is largely dominated bggdiroads. The village road
network has received an impetus with the launclPMGSY in 2000, which has
enhanced the road length in the state by more #0a000 km during the last 10

years (Table 3.1).

Table 3.1. Distribution Of Road Network in Rajasthan

Category Length (in kms) Percentage
National Highways 7,334 5.54
State Highways 11,300 8.54
Major District Roads 9,455 7.14
Other District Roads 14,133 10.68
Village Roads 90,061 68.08
All 132,283

Figure 3.3 demonstrates that approximately 68%hefroad network was
covered by village roads, followed by 11% of otlaistrict roads, 9% state

highways, 7% major district roads, and 5.5% NHspas the total road length.
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Although one of the main objectives of the new rpaticy of the state is to provide
connectivity to people and bring the declarationSéfs in the mainstream of the
nation’s policy, a small share of NHs and SH rofids the overall road network
indicated low priority given to highway networks ime state. In the policy
document, it was also mentioned that the cruskiteiss of most of the existing SHs
is inadequate to presently cater to the demantieoptojected traffic roads. A weak
section of SHs must be strengthened as per thgndesjuirement according to IRC in

the next 10 years (National Road Statics, 2012).

68.09%

M4 National Highways ™ State Highways  Major District Roads
® Other District Roads m Village Roads

J

Figure 3.3. Share of lane-wise road length network Rajasthan

Apart from other roads, the road length of NHSRmjasthan caters to more
traffic and is, therefore, essential for the statdysidering drainage, maintenance,
and safety aspects. Recently, Rajasthan has bete iforefront of successfully

implementing a number of road projects by publicrgie sector partnership.
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Rajasthan was the first state to announce a statépolicy in 1994 to facilitate the
entry of private road sectors. Table 3.2 represémsvarious types of vehicles
registered in Rajasthan. In the state, three-foofttine total vehicles comprise two
wheelers, followed by tractors, cars, trucks, atites. Registration rate so much
two wheelers vehicles will create traffic managemproblem in urban roads

/highway already having drainage scarcity (ESR RSRU12).

Several important decisions have been made toowepactivities in the field
of transportation, which include the computerizatiof all 74 transport offices,
provision of transport facilities to 474 Gram Paawdits, and fithess of transport
vehicles through private sector.

Table 3.2. Number of Vehicles by Type

Vehicle Number %
Motorised Rickshaws 90 0.00
Two Wheelers 5,707,735 73.31
Auto Rickshaws 101,415 1.30
Tempos 65,014 0.84
Cars 502,952 6.46
Jeeps 221,436 2.84
Tractors 634,473 8.15
Trailers 70,259 0.90
Taxies 75,038 0.96
Buses and Mini-buses 77,000 0.99
Trucks 314,546 4.04
Miscellaneous 15,765 0.20
Total 7,785,723 100.00
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3.1.5 SH with Major District Roads (MDR)

SHs provide linkages with NHs connecting distheadquarters, important
towns, and tourist centres. The present statusiefshows that a 32-km road length
is still not bituminous. The conversion of this dolength into a bituminous road
must be given top priority and the task must be gdetad in the next three years,
that is, by the end of financial years 2014-15ti@f total 1873-km length of SHs,
the carriageway width of the 7617-km road lengtless than 2 lanes (7 m). This
road length should be widened to minimum 2 langfénnext 10 years, that is upto
the end of financial years 2021-22. Presently, 48f6are sanctioned under mega
highways, Rajasthan State Road Development CoaperaRoad Infrastructure
Development Company of Rajasthan, and Central foad. From the remaining
3791 km, 3000 km will be widened under various soé® and 791 km are likely to

be declared NHs in next 10 years.

With the construction of new highways, SHs, MDRed mega highways
and the development of new industrial areas or zonew important routes have
developed and traffic intensity on some routes lileeeased. Hence, redefining the
category of roads is necessary. The total lengtiRs is less than that of the SHs,
which indicates that new MDRs must be declaredafbich uniform policies, such
as SHs, will be those routes that pass througbaat lthree districts and connect at
least two district headquarters, four tehsil headtgus, or four industrial areas. The
minimum traffic intensity on the half of this lefgshould be 2000 PSU. The MDRs
will be those routes, which connect at least tWwsitdheadquarters or two industrial
areas in the district. The minimum traffic integsitn half of this length should be

1000 PC (Annual report PWD 2012; NHAI 2012).
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3.2 NHs

The state has 30 NHs of the total length of 7388 ®f these, the 2898-km
length highway has been transferred to NHAI foradepment under the NHDP and
118 km for development by MORTH, New Delhi. Appnmiately 159-km length of
the highway is maintained by local bodies or ottate agencies and 70-km length
is under different BOT projects. The remaining 3401 is maintained by the state,
757-km length is newly declared NH and is still retrusted to any agency.
Furthermore, Table 3.3 indicates that the totahway road length of 7403 km,

mainly has two and four lanes by mentioning maiatee authorities.

Figure 3.4 illustrate more than half of the NHwetk includes by two lane
roads and approximately one-quarter includes 4-fagieway roads in the state. The
intermediate and single lanes cover approximately-tenth of the total highway

road length.

Table 3.3. Distribution of NH road network in Rajaghan

Maintenance Authority Length (in kms)

NHAI 2898
MORTH 0118
Local Bodies/State Agencies 0159
BOT Projects 0070
State Rajasthan 3401
Newly Declared NH 0757
Total 7403
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Figure 3.4 represent the lane-wise status of NH&Rajasthan in which
approximately 54% highways are two-laned, follovibyd24.4% that are four-laned,

10.5% are intermediate, 9.5% are single-lane, 124daned, and 0.4% have

missing links.
X
53.84%
H[ane ® Missing link Single lane
® [ntermediate lane ® Two lane Four lane
H Six lane
(. J

Figure 3.4. Lane-Wise Share of NH Status in Rajastn

3.3 SURVEY QUESTIONNAIRE IDENTIFICATION
The various influences and deficiencies noticedinduthe inspection of
highway roads were included in the questionnaird amerviews to prove the

hypothesis regarding variables on highway drainagentenance, and safety.

The variables chosen are related to the highwaygdewith good and bad
features of highway drainage, maintenance, andidrafoblem, which are further

related to highway safety. As per the requirementirainage, maintenance, and
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safety conditions, essential variables were intcedu Figure 3.5 depicts the flow

chart of the perception survey features.

Field survey by in perception of highways pinpaigtdrainage,
maintenance and safety problem. Features and \esi@entified
for perception

U

Identified features and variables discussed wighwiay Engineers,
Official and Technical Institutions for justificati

Questionnaire prepared for Questionnaire prepared for
perception highway engineers|| perception drivers and highway
official and others with priority users for maintenance and

accident on priority

Find Survey conducted in January to June,

Figure 3.5. Flow Chart for Survey Features

In addition, informal discussions were held witlyHway engineers and
other workers to prepare questionnaires regardiogr pdesigns and lack of
maintenance and safety of highway roads, such dgomtal and vertical curves,
which must be essentially checked to ensure adecgigier elevation. Transition
lengths should be provided at the curves for adegsight distance. Furthermore,
crash barriers should be provided on embankmentsevheight is more than 3.0 m,
and road studs should be installed at all junctiddareover, lane marking, ‘STOP’

line markings, directional arrows, and pedestriaarkimgs should be present at all
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the junctions, and adequate vertical clearances fneisprovided under all the

flyovers and vehicular underpasses.

3.4 PRIMARY DATA OF THE SURVEY
This section highlights the two types of surveymnducted: One with
highway-related officials, engineers, and othehisézal people. The second section

is devoted to highway vehicle driver's perceptiasper the questionnaire.

The brief contents of the survey are variableateel to highway drainage,
maintenance, and safety issues, as well as gootahdéeatures related to highway
safety. On the basis of existing data availabigawernment website regarding study
variable fixed and introduced for data collecteterathat statistical analysis is

conducted to understand the problem.

The questionnaire was based on highways conneclaigur and an
interviews were conducted for 920 individuals cetisg of almost equal
proportions of highway engineers, highway officiaad others (including technical
students), from January to May 2013. Furthermooeretation and factor analyses
were used to identify the important factors andatiehships among the various
aspects such as variables of research objectivesenang highway maintenance

and safety related to drainage conditions.

3.4.1 Perception of Highway Officials and Persons
The questionnaire includes the following detaits brief: most common
features, variables, and conditions considerechenresearch, which were earlier

identified by field observations. Table 3.4 presetite distribution of various
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respondents’ opinions, which include 300 highwagimgers, 340 highway officials and

280 other respondents.

Table 3.4. Distribution of Samples

Type Frequency Percent
Highway Engineer 300 32.6
Highway Officials 340 37.0
Other 280 30.4
Total 920 100.0

Good conditions of different aspects of highwaydrdasigns are identified in
guestionnaire in the order of priority.

Bad conditions of different aspects of highway rdadigns are listed priority-
wise in the questionnaire.

The variable of Opinions about the present highdraynage systems are listed
in order of priority on the basis preliminary datdlected.

The variable of Maintenance strategy of highwaydrage listed in order of
priority in the questionnaire on the basis of pnefary data collected.

Main suggestions to improve problems on highwafferént traffic conditions
are listed priority-wise in the questionnaire ore thasis preliminary data
collected.

Furthermore, provisions, if any, for an alternassign for improving the
present highways, safety, and maintenance conditiane been identified in
the questionnaire on the basis preliminary datkec®d. Figure 3.6 presents

various features and variables included in theeuwith statistical analysis

methods.
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3.4.2 Perception of Vehicle Driven on Highway
The following factors and conditions, regardingiable selection for the
guestionnaire, were briefly considered.
. Average monthly expenditure on vehicle maintenasme factors affecting
vehicle maintenance cost on highway.
. Factors affecting highway maintenance on accoumQc.
. Reasons for accidents on highways, measures ttetackidents, and direct

and indirect impact of accidents.

The primary information was collected through sisevey conducted on the
selected stretches of NHs with sample of 920 red@ats on various aspects in
which a perception survey highlighting the mainte® cost of their vehicles,
reasons of accidents, drainage systems, damagesvements, and suggestions for
the improvement of the highways systems. The refgua consist mainly of vehicle
drivers on highways and roads. In addition, aseaf@ntioned, detailed interviews of
the relevant civil engineers and other officials revetaken to understand the

maintenance, drainage, and safety problems.

The results of the survey conducted around Jaipyrare briefly described

as follows.

. Average monthly expenditure for vehicle maintenance

. The factor concerning vehicle maintenance costigways.
. Factor concerning maintenance of highway in terimgQ@cC.
. Reason for accidents on highways.

. Measures taken to tackle accidents.

. Direct and indirect impact of accidents.
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The survey was conducted in January—June 2013ibg & semi-structured
qguestionnaire to understand the features of highdraynage, maintenance, and
safety. The results of the survey present opiniohdighway users and other

relevant people.

35 SPSS
The primary survey data identifies important ppat variables or

components, and a statistical analysis was usemlletatify the factors of road

maintenance and drainage system. The analysisdeasdone by using appropriate
analysis of statistical packages such as SPSShuwluriefly explicated as follows:

. SPSS is one of the most popular statistical packagéich can perform
highly complex data manipulation by using simplstiactions.

. SPSS is frequently used in social science and deagpfour windows: data
editor; output viewer; syntax editor; and scripimdows. Data is analysed
using the menus and dialogue boxes.

. SPSS graph command was used exclusively and idlyusised to create
graphics in the field of highway data includingtbggams, scatter-plots, and
regression line.

. The graph command allows changing of axes, addixty thanging colour,

font, copying, pasting, and exporting (Statistisciiéiesbaden 2006).
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Figure 3.6. Flow Chart Depicting the find Opinion Quirvey Features and Variables
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3.6 SECONDARY DATA COLLECTION

The stretch of NH No. 8 that includes portion @i, Jaipur and Ajmer was
selected for the study. The selected highways cétrés constantly busy and
comprises four—six lane roads. The road stretcketsas through flat and rolling
terrains of mostly agricultural and urban settlemand further widens to a6-lane
road, including a service lane. The location of therain and the route maps are
shown in the index. This NH is maintained and oggerdy NHAI under the MORTH

under D.F.O.T.

The portion of highway connecting Delhi and Gurga® the busiest stretch
selected for collecting secondary data and wakdudnalysed to prove the hypothesis

of the research.

The collected monthly data during 2008—2011 shineshumber of vehicles,
accidents, rainfall, and maintenance cost of tgéwiays. According to the data, the
number of vehicles increases gradually, and th&extrate and maintenance cost
fluctuate. However, because of rainfall, high fluation is observed: it is almost nil

in some months and considerably high in other nonth

3.7 INDIAN ACCIDENT DATA ANALYSIS

In the research methodology, accident data are aialysed to understand
highway safety more scientifically to understan@ thbjective of research. The
compound growth rate of death and injuries of tididn scenario accident data was
analysed. In addition, road accidents per lakhsp@bulation and per tens of
thousands of vehicles are compared in the analydie state-wise death and
accident rates were compared long with their caasdssafety efforts being taken in

India are included in the study to understand #atofr of safety.



Materials and Methaods 84
g

Figure 3.7 represents schematic diagram of theareB methodology

including the data collection with analysis, shogvihe essential events.

3.8 FIND SURVEY DATA ANALYSIS METHODS

First a correlation matrix was prepared to exantire association between
the variables. Furthermore, the important factorsrewidentified using factor
analysis by suitable statistical methods, such exsdEll rank correlation coefficient

and factor analysis.

3.8.1 Kendall Rank Correlation Coefficient

The Kendall (1955) rank correlation coefficientakzates the degree of
similarity between two sets of ranks given to a sa®@t of objects. The following
formula of the Kendall rank correlation coefficiefbr computing sampling

distribution ofp.

The Kendall correlation coefficient depends ontytbe order of the pairs; it
can always be computed assuming that one of tHeaader serves as a reference
point (e.g., forN = 4 elements, it can be assumed arbitrarily thatfilst order is
equal to 1234) (Statistisches Bundesamt 2012). efbw, for two rank orders,
provided onN objects,N different possible outcomes exist (each corresipgneh a

given possible order) (Siegel 1956).

1- 2x [de¢ (P1,P2)]
N(N -1)

p_
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Figure 3.7. Schematic Flow Diagram of the Researdfiethodology
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3.8.2 Extensions of the Kendall Coefficient

The Kendall rank order coefficient depends on tadssance, and is easily
generalised to other combinatoric structures suctveak orders, partial orders, or
partitions. In all cases, the idea is similar:tfithe symmetric difference distances
between the two set of pairs representing the pirelation are computes, then this

is normalised to take values between -1 and +1.

3.8.3 Factor Analysis

In the sense of exploratory factor analysis, & &atistical technique for data
or variable reduction. It reduces the number ofaldes in an analysis by describing
linear combinations of variables that contain mofkthe information and admit
meaningful interpretations (Statistisches Bundes#dii?). The important factors of
good and bad features of the present highway desifjude poor conditions of
maintenance and improvement of present highwaygdesr system, which are
identified using factor analysis. The factors nheste an Eigen value greater than zero

to be retained and identified by their positivediog factor (Washington et al. 2003).

The following definitions are includes in this sytglfactor analysis:

. Eigen value: An Eigen value is the variance offtdwtor.

. Difference: implies the differences between theenirand following Eigen
value.

. Proportion: refers to the proportion of variancetfe factor.

. Cumulative: refers to the cumulative proportion wdriance, which is

accounted for the current factor and for all thevmus factors.
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. Factor Loading: refers to the orthogonal solutibattrepresents how the
variables are weighted for each factor with theralation between the
variables and the factor.

. Unigueness: refers to the proportion of the comwammance of the variable
not associated with the factors. Uniqueness islégqua communality.

. Rotated Factor Loadings: denote the factor loadifgs the varimax
orthogonal rotation and represent how the variablesweighted for each
factor with the correlation between the variabled ¢he factor. A varimax

rotation attempts to maximise the squared loadifigke columns.

The ‘estat’ common command is a post estimatiommand that displays
the correlation among the factors of an obliquationh (Statistisches Bundesamt

2006).

3.9 SECONDARY DATA ANALYSIS WITH ANOVA
The common statistical method ANOVA and the migtigegression analysis

were used to analyse secondary data for validptingary research results.

In the study multiple regression analysis was useeixamine the factors of
road safety. For this, the accident data were asedependant variables, which
include rainfall (proxy for environment and roadn@se, which is main cause of
accidents), maintenance cost (improper maintenksacking to pot holes, absence of
caution board on the road, etc.), and the numbeebicles (congestion and more

vehicles on the road leads to more accidents duestodriving and other reasons).
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3.10 ANOVA

One of the most commonly used statistical techescat the Stats Il level is
analysis of variance (commonly known as ANOVA). Thame has the word
variance in it, and the technique functions by gsiariances. Analysis of variance
is all about examining the amount of variabilityardependant (response) variable
and attempting to understand from where the vdtiamccurs. ANOVA can be
used to compare several independent variablesdiegasome quantitative accident
variable. The independent variables are fixed togare and constitute different
groups such as maintenance cost, number of veharesrainfall data. ANOVA is
particularly suitable for situations involving anxperiment (Hays 1973).lt is a
statistical process performed in six steps by cimgckconditions, setting of
hypothesis, f-test, making conclusions, checkitige8s data, and using chi-square

test. These steps are briefly described as follows:

Step One:Checking the Conditions

This is to ensure all necessary conditions.

Step Two: Setting up the hypotheses
The secondary data means can be deemed equathoo#der. The null

hypothesis for ANOVA is that all the secondary daieans are equal.

Step Three:F-Test
Step three of ANOVA comprises the collection o ttata, including desired
random samples, one from each variable.
Three major steps are used to complete the FR&NIOVA:
. Break down of the variance wdriablesinto sums of squares.
. Find the mean sums of squares.

. Put the mean sums of squares together to form-gtatistic results.
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Step Four: Conclusions from ANOVA

On completion of the F-test, determination of &kstic is the next step of
ANOVA: it includes concluding the hypothesis testtibe k variable means, and
comparing of the F-statistic to the correspondindidtribution with k — 1,n — k)
degrees of freedom to see where it stands and umas per the data analysis

(Statistisches Bundesamt 2012).

Step Five:Checking the fitness of the ANOVA Model

It is necessary any other model, fitness with el the ANOVA model
fits before its results with confidence. In theecas ANOVA, the model basically
boils down to a treatment variable with an erromteTo assess how well that model
fits the data, the values & are predicted an&’ is adjusted on the last line of the
ANOVA output. Multiple correlation coefficients aobtained between the deserved

and predicted (Statistisches Bundesamt 2006).

Step Six: Chi-square test
If the two variables are categorical, then a cjuae test is used to examine

relationships. The chi-square test looks for retahips between two categorical
variables. If two categorical variables do not haveelationship, they are termed as
independent. Dependant variables interact with edwr (Washington et al. 2003).
. The study collected data tabulated it in a two-tedje.
. The numbers represent the observed cell counts.
. Set up of null hypothesis, Ho: either variable mlapendent; and the

alternative hypothesis, Ha: or variables are depend

. Calculation of the expected cell counts under fseiaption of independence.
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. The expected cell count for a cell is the totalesnrows and which are
column divided by the grand total.

. Check the conditions of the chi-square test befwoeeeding; each expected
cell count must be greater than or equal to five.

. Figure the chi-square test statistic.

. The statistic determines the observed cell counumithe expected cell count,
squares the difference, and divides it by the etquecell count. Follow these
steps for each cell, and add them all.

. Look up test statistic on the chi-square table @etérmine thg-value.

. If the result is less than the predetermined cti(tbk o level), usually 0.05,

reject Ho and conclude dependence of the two asab

If result is greater than thelevel, d not reject Ho; the variables cannot be
deemed dependant. (Washington et al. 2003).Thesqehare test has one main

condition that must be met to test for independeanta two-way table:

The expected count for each cell must be at Rastthat is, greater than or
equal to five. Expected cell counts that fall belove are not reliable in terms of the

variability (Statistisches Bundesamt 2006, 2012).

3.11 ANALYSIS OF SAFETY BY USING MULTIPLE REGRESSION
METHOD
The secondary research data collected on highe@agysrrequires a suitable
solution of runoff pavement surface, consideringeass of future maintenance and
safety conditions is examined, using a regressmatyais to test the aforementioned

hypothesis (Siegel 1956). The pavement surface gledndue to heavy traffic and
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rainfall requires proper maintenance. The colledtath consists of maintenance cost,
vehicle numbers, and rainfall as independent fa@ad accidents as dependant factors,

which were examined for the research by using ssgre analysis.

Use of multiple regression to analyse the roadtgadif highway projects.

Multiple regression analysis was used to identifg regression result by
considering accident data as a dependant variaht® rainfall (proxy for
environment and road damage, which is main cause@fients), maintenance cost
(if maintenance is not proper, it will lead to gables on the road and increase
VOC), and the number of vehicles (congestion ordspaash driving, and other
reasons also cause more accidents) as independerdbles (Statistisches

Bundesamt 2006).

A number of other factors may contribute to tls of an accident including
vehicle design, speed of operation, road desigvirammental factors, and human
errors. Because the data on these indicators igeadtly available, we were not able
to include this in the analysis. The regression @ehadn be represented as follows:

Ai = o+BiVit+ B2Ri+ BsMi+e
where,
The dependent variable is as follows:
A= Number of monthly accidents (in lakh)
The independent variables are as follows:
V=Number of vehicle monthly data (in lakh)
R=Rainfall monthly data (in cm)

M=Maintenance cost monthly data (in lakh)
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i= time period; 1-48 month data (January 2008—Ja2@12)

e=error terms

Assessing the fit of multiple regression models

For selecting any model, the fit of each modehbeconsidered must be
assessed to be built into the process on the nugmilar onesR? (simple linear

regression only)R>-adjusted.

R? represents the percentage of the variability invélees explained by the
model. It's value is between 0% and 100% (0 angl. InOsimple linear regression, a
high value ofR? implies that the line fits well, and a low valuepiies that the line
does not fit well. For multiple regression analysidd more variables (no matter
how significant); the value d®® increases or remains the same, that is, the value
does not decrease, thus resulting in an inflatedsore of how well the model fits.
Of course, statisticians have a fix for the prohlevhich leads to the next item on

the list (Hays 1973).

R’-adjusted takes the value Bf and adjusts it downward according to the
number of variables in the model. The higher theloer of variables in the model,
the lower will be the value d®-adjusted compared to the origimfl A high value
of R%-adjusted implies that the model satisfactorilg fihe data (the closer to 1, the
better); typically, 0.70 is considered to be a @erfvalue forRP-adjusted, and a
higher value is considered more favourable. TRGsadjusted is used instead of the
regular R to assess the suitability of a multiple regressiwdel (Kendall 1955).

With every addition of a new variable into a mukipegression model, the value of
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R? remains the same or increases; It never decreaseside a new variable either
explains some of the variability in number of ddthereby increasing®®> by
definition), or does nothing (maintaining the ialtvalue ofR) (Ram Ahuja 2005).
Theoretically, adding more variables into the mojdst for the sake of getting a
larger value ofR?. RP-adjusted is important because it adds more vasably
considering how many variables are already in tleleh (R. Development Core
team 2005). The value &f-adjusted can actually decreases if the added wdltre
additional variable is outweighed by the numbewaffiables in the model, which
shows how much or how little added value is obiiftem a bigger model. As per
the aforementioned methodology, the research dataalysed statistically, and the
results obtained for the model study are repreddmyevarious Tables and Figure in

the next chapter (Washington et al. 2003).
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CHAPTER 4

RESULTS AND DISCUSSIONS

This chapter projects results obtained by theareteand statistical analysis
of highway drainage, maintenance, and safety sysidém survey perceptions and
secondary data collected from study area are reptes in Tables 4.1-4.64 and in
Figures 4.1-4.27. Tables 4.1-4.39 present the gyseeception data of highway
managers regarding good and bad features of highesign; opinions about highway
drainage features, maintenance strategy, main stiggefor highway design; and
suggestions to improve the highway design systemrovide an alternate design.
Furthermore, Figures 4.1-4.6 derived using Tablés416, 4.21, and 4.27 present
comparative graphical analysis of the results. @ad.40-4.45 represent results of
highway perception data of drivers and users. [egdr7—4.13 derived using Tables
4.40-4.45 present perception data analysis of dri@ad users. Table 4.46 presents
the accident data of India. Figures 4.14-4.22 eixhiiie analysis results of these
accident data. The correlation analysis resultspaesented in Tables 4.47-4.48,
which indicate the perception of highway managgrsading the Kendall method. In
addition, Tables 4.49-4.56 provide the results lef factor analysis of various
parameters considered in the survey. Tables 4.6G-show the number of vehicles
on monthly basis with maintenance cost, accidetd, dad rainfall. Figures 4.23—
4.26 demonstrate the variation in the secondary. datble 4.61 provides the annual
data for the number of vehicle, accident data, teaence cost, and rainfall. Lastly,
Tables 4.62—-4.64 provide the model summary andvéinence analysis, including
the results of regression correlation coefficieatived from the secondary data to

fulfil the objectives of study.



Results and Discussions 95
g

In this chapter, the good and bad features ofviegyhdesign are provided.
These features were decided through the expertiospsurvey and preliminary
maintenance data of highway drainage, which arkecmaccording to priority. The
necessary observations by respondents have beeriausgplain traffic and design
system of highways. The perception data was celleain major features of
highway drainage to understand the problem. Intaxidithe maintenance strategy
of highways was prioritised by perception. The pption data were obtained using
stake holders opinion to improve the drainage amint®nance problems in the
present highway design system to obtain resulthe@fresearch. The results of the
perception regarding maintenance and safety bywaghdrivers and others were
further analysed to obtain more satisfactory resutubsequently, factor analysis
and Kendall correlation coefficient were used tdaobthe final results. The data
correctness was examined using chi-square tesot@ phe hypothesis of objectives.
Furthermore, the accident analysis was used tdifgesafety efforts in minimising
accidents. Moreover, the secondary data was amhlysiag variance and regression
model method to obtain regression coefficient tesulhe correctness of these
results was also examined byest andF-test, considering that the accident data is
an independent variable and the number of vehiolesntenance cost, and rainfall

data are independent variables.

4.1 GOOD FEATURES OF HIGHWAY ROAD DESIGN

Some of the good features of the existing highdesign, as perceived by
survey people, are given in successive section. gdreeption results of water
drainage, riding surface, highway crust, trafficramgement and regular maintenance

schedule are explained.
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4.1.1 Perception on Drainage of Water

Respondents perceived proper drainage as one ofettessary features of a
good highway design. Table 4.1 presents priority percentage of the survey.
Approximately 60% of the respondents have givenpiagrity to the proper drainage

of water on NHSs. This indicates the importancerofyer drainage on highways.

Table 4.1. Perception of People on Proper Drainage

Priority Rank | Engineers (%) | Officials (%) |Others (%) All (%)
1 84.7 43.8 54.6 60.0
2 154 25.0 45.5 27.5
3 0.0 18.8 0.0 7.5
4 0.0 12.5 0.0 5.0
Total 100.0 100.0 100.0 100.0

Thus, highway drainage is one of the necessatyriesfor a good highway
design. Furthermore, the engineers have given higipertance to this feature revealing

the priority of the feature when considering it i designing.

4.1.2 Perception on Riding Surface

Table 4.2 presents the survey-related priority pedentage of a good riding
surface, which is also an important feature fooadgNH road. Approximately 50%
of the people in the ‘other’ category have givegher priority to this feature

compared to highways officials indicating that msi@portant feature of NH design.
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Table 4.2. Opinion Survey on a Good Riding Surface

Priority Rank | Engineers (%) | Officials (%) | Others (%) All (%)
1 77.0 50.1 72.70 65.0
2 7.7 31.3 18.2 20.0
3 7.7 12.5 9.1 10.0
4 7.7 6.3 0.0 5.0
Total 100.0 100.0 100.0 100.0

Table 4.2 shows that more than three-fourth ofttighway engineers have

given importance to this feature in the design BisN

4.1.3 Perception on Highway Crust

This feature has not been given high priority g tespondents compare to
the previous two features. Table 4.3 shows thatrcequpately 27.50% of the
respondents have given top priority to this featéyeproximately one-third of the
highway officials have given importance to thistéea, which is comparatively
higher than others. Even engineers perceive thisife to be of less importance in

the highway design.

Table 4.3. Perception on Highway Crust Failure

Priority Rank | Engineers (%) | Officials (%) | Others (%) All (%)
1 23.10 31.30 27.30 27.50
2 53.8 18.8 18.2 30.0
3 154 25.0 27.3 22.5
4 1.7 25.0 27.3 20.0
Total 100.0 100.0 100.0 100.0
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The parameters of ‘good riding surface’ and ‘progeainage of surface
water’ already included the features of good coowibf crust failure in highway

system. Hence, the opinion on this parameter igdanm

4.1.4 Perception on Traffic Management

Table 4.4 shows the perception of proper lane-waffic management as an
important feature of highway traffic operation bagea the traffic management on
Rajasthan’s NHs is linked more with flow of traffiChe traffic management is the
responsibility of transport officials and policenaidistration; hence, engineers have

not given this feature much importance.

Table 4.4. Perception on Lane-Wise Traffic Managenmg

Priority Rank |Engineers (%) | Officials (%) | Others (%) All (%)
1 0.0 37.5 27.3 225
2 30.8 18.8 18.2 225
3 38.5 25.0 27.3 30.0
4 30.8 18.8 27.3 25.0
Total 100.0 100.0 100.0 100.0

Highway officials and ‘others’ also revealed pefto@ps regarding lane marking:

. Lane marking such as ‘STOP’ line marking, direcaicarrows, and pedestrian
markings are required at all the junctions.

. Lanes should be marked appropriately in majorityradd sections, and
pedestrian crossing should be marked near schomdgjtals, town or village

limits, bus bays, and VUP and PUP locations foe sadvement.
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4.1.5 Perception on Regular Maintenance Schedule

Similarly, regular maintenance is an importantdea for designing of most
NH roads (Table 4.5). Maintenance features arengavénigh priority by officials

compared to that by the ‘others’.

Table 4.5. Perception of Regular Maintenance Schet

Priority Rank |Engineers (%) | Officials (%) | Others (%) All (%)
1 30.8 37.5 18.2 30.0
2 0.0 6.3 0.0 2.5
3 30.8 18.8 36.4 27.5
4 38.5 37.5 45.5 40.0
Total 100.0 100.0 100.0 100.0

Furthermore, regular maintenance activities argelg implemented by

officials and followed by other respondents.

4.1.6 Elaboration of Good Features in a Highway Deg System
A summary of good features for highway designspaesented in Table 4.6

on the basis of perceived ranks in Tables 4.1-4.5.
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Table 4.6. Summary of Perceived Good Features oftighway Design System

Design Engineers (%) Officials (%) Others (%) Average Remarks
Feature Opinion
Ist Lower Ist Lower Ist Lower (%)
Priority Priority Priority Priority Priority Priority
Proper drainage 84.7 15.4 43.8 25 54.6 45.4 44,82
Good riding 77 7.7 50.1 31.3 72.7 18.2 42.83
surface
Highway crust 23.1 53.8 31.3 25 27.3 27.3 31.26  More than 53%
no sign of Engineers have given
failure it 2™ priority
Proper traffic 0 38.5 37.5 25 27.3 27.3 25.94  Many respondents
management have given it 2nd ang
4th priority in order

Regular 30.8 38.5 37.5 37.5 18.2 34.4 34.66 More than 40%
maintenance respondents have
schedule given it 4" priority
followed
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Table 4.6 shows the combined first and significlamter priorities of all
design features: Proper drainage and good ridinfacai are observed to be more
important features for a good highway drainageesystGood riding surface can
only be achieved through the proper maintenandagbfways. All the respondents
supported this feature. In addition, more numbeof6€ials and ‘others’ supported
proper traffic management, which is they consideasd an essential for safe

movement on highways.

Table 4.6 also displays that 53.8% of engineek® ltgaven low priority to
highway crest design without any sign of failurewver, it is also an essential
feature for a satisfactory highway design. Morentl38% engineers have given
significant lower priority to proper traffic managent and regular maintenance
schedule to be followed, which can be consideredsasntial features of highway

design system.

Overall, good riding surface and proper drainagefeatures essential for a
good highway design. Regular maintenance schedddgway crest no sign of

failure, and traffic management are also vitaldess.

Figure 4.1 is derived using Table 4.6 and displtys good features of
highway design as obtained through the survey: gy surface, proper drainage
of pavement surfaces, and regular maintenanceliiéaliagram of the perception
survey data graphically indicates the relative inguoce of good features of a

highway design system.
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Figure 4.1. Comparative Analysis of Good Features ighway Design
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Figure 4.1 lllustrates the opinion survey resuifspowing the relative high
importance for the good features of highway desiggtem. Factors such as proper
traffic management, regular maintenance schedule, heghway crust no sign of
failure seem less important for a highway desigsteay. According to first priority
opinions, more number of respondents have givenifgignt lower priority to
proper traffic management. More than 40% of respatsl have given significant
lower priority to regular maintenance scheduleatdition, many engineers have
given second priority to highway crust failure, icating that it must be included as
a good feature of a highway design system. In emmmh, a good riding surface and
a proper drainage play a major role for any highwlagign system, followed by
regular maintenance schedule, highway crust deaighproper traffic management,
which are unquestionably and imperatively essefe@iures for a hi-tech highway
design system. Figure 4.1 also provides a compaa$the priority-wise importance

given by respondents for good features of a highgesygn system.

4.2 BAD FEATURES OF HIGHWAY ROAD DESIGN

The following sections describe the short comingshe present highway
system. Features such as highway in submergergieyély maintenance, highway
safety, drainage at median and curves, traffic mpameent, drainage maintenance
conditions, surface camber, renewal on road surfand design or construction

defects were considered for highway design impaetsassessment.

4.2.1 Highway in Submergence
Because of low height of embankments, highwayssgbmerged during the
rainy season. Table 4.7 shows that approximatel§%6of the respondents perceive

that highway road in submergence is the main calige bad condition of highways.
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Table 4.7. Perception on Highway in Submergence

Priority Rank |Engineers (%) | Officials (%) | Others (%) All (%)
1 64.3 66.6 64.3 65.1
2 14.3 13.3 21.4 16.3
3 0.0 6.7 0.0 2.3
4 21.4 13.3 14.3 16.3
Total 100.0 100.0 100.0 100.0

Submergence leads to traffic hazard, safety, amidtenance problem.

4.2.2 Perception on Highway Maintenance

Table 4.8 describes that approximately half of émgineers and ‘others’
have agreed and given first priority to the improp&intenance schedule of NH

roads. Officials of NHs slightly disagree becauges tactivity is their main

responsibility.

Table 4.8. Perception on Improper Maintenance Schede

Priority Rank Engineers (%) | Officials (%) | Others (%) All (%)
1 50.00 26.60 50.00 41.90

2 14.3 20.0 0.0 11.6

3 28.6 40.0 42.9 37.2

4 7.1 13.3 7.1 9.3
Total 100.0 100.0 100.0 100.0

Therefore, NH officials were not as vocal as eegis regarding the improper

maintenance of highways.
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4.2.3 Perception on Highway Safety

Table 4.9 presents perceptions regarding highvedgtys Approximately
47% officials agree that this feature is a critipgrameter for highway design.
Highway engineers are neither in favour nor agaihetproper safety parameter.
Majority of the engineers have given lower priotibythis feature. Highway safety

feature is more related to traffic regulation iast®f design or construction.

Table 4.9. Perception on Improper Highway Safety

Priority Rank | Engineers (%) | Officials (%) |Others (%) | All (%)
1 21.40 46.70 14.30 27.90
2 42.9 13.3 57.1 37.2
3 28.6 20.0 14.3 20.9
4 7.1 20.0 14.3 14.0
Total 100.0 100.0 100.0 100.0

4.2.4 Perception of Highway Drainage at Median an€urves

Table 4.10 shows that less than half of the redeots are not satisfied with
the drainage conditions of high medians and curg&sl% of the engineers, who
understand the design part better than othersgeagpeut the improper drainage

condition of present highway designs.

Table 4.10. Perception on Improper Drainage at Medins and Curves

Priority Rank |Engineers (%) | Officials (%) | Others (%) All (%)

1 57.1 40.0 42.9 46.5
2 14.3 33.3 7.1 18.6
3 14.3 6.7 28.6 16.3
4 14.3 20.0 21.4 18.6

Total 100.0 100.0 100.0 100.0
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4.2.5 Perception on Traffic Management

The responses are similar to those described atic®e4.2.4 that traffic
management has been given lesser priority by thporelents (Table 4.11). It is
related more to the flow of traffic because poorintemance of highway hinders
smooth movement of traffic. If these two featuree aealt with, the traffic
management will be minimised. More number of resigons have given fourth

priority to this feature.

Table 4.11. Perception on Poor Traffic ManagementroHighways

Priority Rank |Engineers (%) | Officials (%) | Others (%) All (%)
1 28.5 20.0 14.3 20.9
2 7.1 20.0 14.3 14.0
3 14.3 26.7 14.3 18.6
4 50.0 33.3 57.1 46.5
Total 100.0 100.0 100.0 100.0

4.2.6 Perception on Highway Drainage Maintenancedhdition

Most of the respondents believe that poor maimeaaf highway drainage
causes pot holes and patches, which further detégiothe road condition
(Table 4.12). This emerged as one of the crucetufes of NH roads, and requires
proper attention. This is given first priority bp@oximately 73.57% of engineers,

58.8% of highway officials, and 71.4% of ‘others’.
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Table 4.12. Perception on Poor Highway Drainage Matenance

Priority Rank |Engineers (%) | Officials (%) | Others (%) All (%)
1 73.4 58.8 71.4 67.4
2 6.7 29.4 14.3 17.4
3 20.0 11.8 14.3 15.2
4 0.0 0.0 0.0 0.0
Total 100.0 100.0 100.0 100.0

Hence, poor condition of highway drainage mainbeeais relevant factor in

highway design.

4.2.7 Perception on Surface Camber

Approximately more than 40% of the respondenteedrthat improper

surface camber allows stagnant water on pavemeéalse(4.13). However, engineers

have surprisingly given lower priority to this faeg than the ‘others’.

Table 4.13. Perception on Improper Surface Camber

Priority Rank | Engineers (%) | Officials (%) | Others (%) All (%)
1 33.3 47.1 42.8 41.3
2 6.7 29.4 21.4 19.6
3 46.7 23.5 21.4 30.4
4 13.3 0.0 14.3 8.7
Total 100.0 100.0 100.0 100.0

Even people who are less aware of the technicelityighway design have

agreed more that stagnant water on pavement becdusarface camber causes

traffic movement problem.
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4.2.8 Regular Renewal of Road Surface

Table 4.14 shows that most of the engineers ahdr®thave given lower
priority to regular renewal of road surfaces. Hoarewapproximately 41% of highway
officials has revealed that road surfaces are egtlarly renewed because regular

renewal application is part of officials’ duty, whi is reflected in their responses.

Table 4.14. Perception on Irregular Renewal of Roa&urfaces

Priority Rank |Engineers (%) | Officials (%) | Others (%) All (%)
1 26.6 41.2 35.7 34.8
2 66.7 23.5 28.6 39.1
3 6.7 35.3 28.6 23.9
4 0.0 0.0 7.1 2.2
Total 100.0 100.0 100.0 100.0

4.2.9 Design or Construction Defects on Highwayu8ace

Table 4.15 points out that 53.3% of engineers 38% highway officials
give top priority to design and construction degetitat appear on the highway
surface. In addition, approximately 35.7% of thkeos give high priority to design

and construction defects.

Table 4.15. Perception of Design or Construction Dects on Highway Surfaces

Priority Rank | Engineers (%) | Officials (%) | Others (%) All (%)
1 53.3 58.9 35.7 50.0
2 13.3 17.6 35.7 21.7
3 26.7 23.5 14.3 21.7
4 6.7 0.0 14.3 6.5
Total 100.0 100.0 100.0 100.0

Although others do not have much knowledge abahway construction,

their responses reflect the importance of thisuieat
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4.2.10 Elaboration of Bad Features Highway DesignyStem
The summary of the perceived bad features of &wag design system,
according to their priority, are enumerated in €a#l16 on the basis of ranks in

Tables 4.6—4.15.

Table 4.16 clearly indicates the combined effédirst and significant lower
priorities. It demonstrates that all the responslefatvoured poor condition of
maintenance and drainage, apart from others, asfdaddres in a highway design
system. Moreover, the respondents favoured improp@entenance schedule. All the

respondents have emphasised that highway safeby groper.

Table 4.16 also shows that more than 40% of affidnave given importance to

improper maintenance schedule as being a bad deafthighway design system.

In addition, 66.7% of engineers have given lowgorfiy to road surface
renewal, which is not done regularly. Furthermat6,7% engineers have given
lower priority to surface cambers allowing stagnatater on payment surface.
Approximately 50% of engineers have given loweropty to poor traffic

management as a bad feature of highway designnsyste

Table 4.16 further presents the priority wise cangmn of the bad features
of highway design systems. The features and cemditivith higher design priority

are as follows:

Poor condition of highway drainage maintenance

Highway in submergence

Highway design and construction defects

Highway maintenance schedule
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Table 4.16. Summarised Perception of Bad Feature$ Highway Design Systems

Features Engineers Officials Others All Remarks
t t t (%)
1° Lower 1° Lower 1° Lower
Priority | Priority | Priority | Priority | Priority | Priority

Poor condition of maintenance 73.4 20 58.8 29.4 71.4 14.3 44.55

and drainage reason

Highway in submergence 64.3 21.4 66.6 138 64(3 4 21 41.88

Design construction defects 53.3 26.7 58.9 23.5 35.7 35.7 38.97 More numbé&mngjineers and

appear on surface officials has given " priority

Improper Drainage at median 57.1 14.3 40 31.3 42.9 28.6 357

and curves

Improper maintenance 50 28.6 26.6 40 50 42.9 39.68

schedule

Surface camber allow stagnant 33.3 46.7 47.1 29.4 42.8 21.4 36.78 More than 46firieers has giveri®3

water on pavement surface priority

Renewal is not applied 26.6 66.7 41.2 35.3 35.7 28.6 39  More than 66%tawgs has giver'd

regularly priority

Highway safety is not proper 21.4 42.9 46.7 20 1413 57.1 33.73| More than 42% Engineers and 57%
other respondents has givelig3™
priority

Poor traffic management 28.5 50 20 33. 14.3 57|133.86 | More than 50% Engineers & others
respondents has givell griority

has
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Figure 4.2. Higher and Lower Priorities’ Presentaton of Bad Features of
Highway Designs
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Figure 4.2 has been derived using Table 4.16 #nstrates priority-wise
perception. Bad features presented for highwaygdesystems are earlier identified in
the research methodology. The bar diagram cldarggrates priorities of bad conditions
of highway design systems. The opinion survey shibwas factors 1, 2, and 3 are of
higher importance. The factors such as traffic gangnt and improper highway safety
are given less importance in the bad features @icgpto Figure 4.2. On the basis of
significant lower priority data, improper highwagfety, irregular renewal, improper
maintenance schedule, and surface camber allowaggant water on pavement surface
are favoured by approximately more than 50% ofréspondents. More engineers and

other respondents gave significant lower priootpoor traffic management.

Figure 4.2 illustrates the essential bad featafdsghway design systems on
the basis of first and significant lower prioritieghich are further analyse during

statistical methods.

In conclusion, higher priority is given to the pobighway drainage of
pavement surfaces, medians and curves, and submeerdeactors such as improper
safety, poor traffic management, irregular renewaat] provision of stagnant water
on pavement surface are also essential bad feaitieesighway design system. The
hypothesis is supported by the authentic responseided by many respondents

favouring lower priority instead of first priorigsl factors.

According to Figure 4.2, 40% officials have giMewer priority to improper
maintenance schedule. The respondents emphasréaceswater allowing stagnate on
the pavement surface, improper highway safety sdbednd poor traffic management,

which are essential factors to be considered fosigatem of highway design.
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4.3 PERCEPTION ON HIGHWAY DRAINAGE FEATURES
According to the priority given to good and badtteges of highway
drainage, the following four perceptions are predadvith response about adequacy.
0] Proper drainage system
(i)  Disposal of surface water
(i)  Disposal of water at curves and medians

(iv) Embankment height above ground level

Photo 1 describes the situation of poor draindgeretion on NH-8, where
there is no proper arrangement for disposal oésaerivater. The spot represented by the

photo causes poor conditions for maintenance datlyshuring rainy days.

Photo 1. Showing Poor Drainage, Maintenance and Saf/ of NH-8 Junction

The results represented by Tables 4.17-4.20 aserided in the next
successive sections, and provide respondent ogiarhighway drainage features
identified on the basis of research methodologytimeed earlier. Perception results
on the existence of proper drainage system, proigposal of water, water disposal
at curves, median and embankment height above driewel are explained in the

following sections:
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4.3.1 Perception on Proper Drainage System

Table 4.17 shows that most of the respondentssatisfied with the
subsurface drainage systems. Approximately 53.3%eoéngineers are not satisfied
with the present drainage system because of futileon development. In
comparison, 93% of others and 76.5% of the higheféigials are satisfied with the

present highway drainage system as revealed irstingy.

Table 4.17. Perception on Existence of Proper Draage System

Opinion of respondent| Engineers (%) | Officials (%) | Others (%) | All (%)
Yes 46.7 76.5 92.9 71.7
No 53.3 23.5 7.1 28.3
Total 100.0 100.0 100.0 100.0

4.3.2 Perception on Disposal of Surface Water

Table 4.18 shows that approximately 45.5% of #spondents reported no
proper disposal system of water collected throughhvmay side drains.
Approximately 61.5% of the ‘others’ responded thagre is no proper disposal
system of water on the highway roads. In additmare than 38.5% of the highway
officials compared to approximately 28.6% engineagseed that water disposal

system is not proper.

Table 4.18. Perception on Proper Disposal of Water

Opinion of Respondent| Engineers (%) | Officials (%) | Others (%) | All (%)
Yes 71.4 61.5 38.5 54.5
No 28.6 38.5 61.5 45.5
Total 100.0 100.0 100.0 100.(
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4.3.3 Perception on Disposal of Water at Curves drMedians

Photo 2 represents the position of curves on Nw#Bout proper surface
water disposal. There is no proper system to dotlee surface water in storage
tanks or harvesting wells in absence of cross dgginHence, during rains, pot holes

are developed and hinder the smooth movementféittra

Photo 2. Poor Drainage due to Surface Water near Ques and Medians on NH-8

Table 4.19 presents the response on the dispdsabht@r at curves and
medians. The differences in opinions show that mighway engineers and
officials compared to other respondents agree aftwutisposal of water at curves

and medians.

Table 4.19. Perception on Disposal of Water at Cuas and Medians

Opinion of respondent| Engineers (%) | Officials (%) | Others (%) | All (%)

Yes 71.4 53.8 46.2 54.5

No 28.6 46.2 53.8 45.5

Total 100.0 100.0 100.0 100.0
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4.3.4 Embankment Height above Ground Level

According to Table 4.20, 63.6% of the respondesaisl that embankment

height is not adequate. The responses are alnmogaisfor all the respondents, that

is, engineers, highway officials, and others.

Table 4.20. Perception on Embankment Height aboverGund Level

Opinion of respondent| Engineers (%) | Officials (%) | Others (%) | All (%)
Yes 42.9 30.8 38.5 36.4
No 57.1 69.2 61.5 63.6
Total 100.0 100.0 100.0 100.0

The priority-wise highway features enumerated ediog to the perception
survey in Tables 4.17-4.20 are presented in Taldg. A he table is derived using

the consolidated features for highway drainageesyst

Table 4.21. Consolidated Perception Data for HighwaDrainage Systems

Priority Features Engineers| Officials | Others All
(%) (%) (%) (%)
1 Proper drainage system 46.7 76.5 92/9 74.7
2 Proper water disposal 71.4 61.5 38.5 54.5
pavement surface
3 Disposal of water at 71.4 53.8 46.2 54.5
curves and medians
4 Embankment height 42.9 30.8 38.5 36.4
above G.L.

Figure 4.3 displays the analysis of opinions abearious features of the
present highway design to understand the reseaypttliesis. The graph clearly

indicates that officials and others give higheropty to the proper disposal of
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pavement water and curves, whereas engineers ggVveerhpriority to a proper

drainage system.

The proper drainage system itself includes theadial of water from
pavements and curves. Hence, scientifically, opmimf engineers must be
considered in highway designs. More than half ef tbspondents are in favour of

proper drainage system with disposal of highwajeserwater.
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Figure 4.3. Perception Results about Present Highwarainage System

4.4 MAINTENANCE STRATEGY OF HIGHWAY ROADS

The survey results on highway maintenance withpaess to highway
drainage system are enumerated priority-wise ilovidhg sections. The perception
of respondents on highway maintenance, on the b&dsatures such as choking of
drains, embankment in submergence, ribbon developroa highway, highway

geometric, and disposal of water are explained.
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4.4.1 Perception on Maintenance

Table 4.22 demonstrates that approximately 30.2%the respondents
reported that proper maintenance should be givprptority for the highway road.
The responses are almost similar for most respasdehat is, engineers and
highway officials, but not ‘others’, who gave highariority on the basis of upper

and lower rank.

Table 4.22. Perception on Improper Maintenance

Priority Rank | Engineers (%) | Officials (%) | Others (%) All (%)
1 30.8 23.5 38.5 30.2
2 154 23.5 154 18.6
3 30.8 23.5 0.0 18.6
4 0.0 17.6 46.2 20.9
5 23.1 11.8 0.0 11.6
Total 100.0 100.0 100.0 100.0

Hence, form the point of view of highway usersmparison of opinions of
Table 4.12 and 4.22 indicates the importance ohvay drainage condition and

maintenance on highways.

4.4.2 Choking of Drains
Table 4.23 depicts that almost all engineers dfidia give higher priority
to choking of drains. Because this is part of adi€ duty (i.e., clearing the choked

drains), they gave it first priority.
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Table 4.23. Perception on Choking of Drains

Priority Rank Engineers (%) | Officials (%) | Others (%) | All (%)
1 15.4 58.8 30.8 37.2
2 46.2 5.9 23.1 23.3
3 154 11.8 23.1 16.3
4 154 5.9 7.7 9.3
5 7.7 17.6 15.4 13.9
Total 100.0 100.0 100.0 100.0

4.4.3 Embankment in Submergence

Table 4.24 shows that more than 20% of the resgarsfirst priority is for
the removal of the submergence of embankment. A@maiely 53% of the
highway officials have given this problem lowergity (i.e., 2nd, 3rd), followed by
others (46%) and engineers (31%). This concludatseimbankment in submergence

must be given second priority.

Table 4.24. Perception on Embankment in Submergence

Priority Rank | Engineers (%) | Officials (%) | Others (%) All (%)
1 23.1 23.5 154 20.9
2 7.7 29.4 30.8 23.3
3 23.1 23.5 23.1 23.3
4 38.5 11.8 0.0 16.3
5 7.7 11.8 30.8 16.3
Total 100.0 100.0 100.0 100.0
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4.4.4 Ribbon Development Along Highway
Photo 3 exhibits the situation of increase in oibldevelopment along NH-8.
From the picture, no consideration of a properaagfwater disposal is observed.

This results in poor maintenance and safety duiangy days.

Photo 3. Poor Drainage Due to Ribbon Development diH-8

Table 4.25 shows that the highway managers respgmmsibbon development
along the highway has mixed results. On one hapg@roximately 32.6% of
respondents have given lower priority to ribbon elegment and 18.6% of

respondents have given top priority to this agfivit

Table 4.25. Perception on Ribbon Development Alongighway

Priority Rank | Engineers (%) | Officials (%) | Others (%) All (%)
1 23.1 17.6 154 18.6
2 23.1 23.5 23.1 23.3
3 154 11.8 23.1 16.3
4 30.8 29.4 38.5 32.6
5 7.7 17.6 0.0 9.3
Total 100.0 100.0 100.0 100.0
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Although, it differ across type of respondentsthméngineers have given
more importance, officials have given lower impada and other commuter

response is equally divided.

4.4.5 Highway Geometrics Disposal of Water

Table 4.26 shows that approximately one-third hef engineers give first
priority to improper highway geometrics such as thgposal of water. This is
similar for all the respondents as it has beenrgeher first or second priority,

which reveals that highway geometrics disposal atewis not proper.

Table 4.26. Perception on Highway Improper Geometads Disposal of Water

Priority Rank |Engineers (%) | Officials (%) | Others (%) All (%)
1 33.3 29.4 154 26.2
2 16.7 23.5 46.2 28.6
3 0.0 5.9 23.1 9.5
4 8.3 17.6 0.0 9.5
5 41.7 23.5 154 26.2
Total 100.0 100.0 100.0 100.0

4.4.6 Highway Maintenance Strategy Results Elaborain
The concluding perceptions on maintenance areepted in Table 4.27,
which represents the maintenance strategy accottdingp priority of opinions

presented in Tables 4.34-4.26.
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Table 4.27. Highway Maintenance Strategy: PriorityWise Features
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Features Engineers Officials Others All
(%)
Ist Lower Ist Lower Ist Lower
Priority | Priority | Priority | Priority | Priority | Priority
(%) (%) (%) (%) (%) (%)
Choking of drains 15.4 46.2 58.8 17.6 308 23|11 .981
Improper maintenange 30.8 30.8 235 235 38.5 46.2 32,21
Highway geometric 33.3 41.7 29.4 23.5 15.4 46.2 31,58
not proper in disposal
of water
Embankment in 23.1 38.5 23.5 29.4 15.4 30.8 2678
submergence
Ribbon development| 23.1 30.8 17.6 294 15.4 38.5 25.8
along the highway

Table 4.27 indicates that more than 30% of thenegs favour maintenance

and highway geometrics, whereas highway officiaiergise the choking of the

drains, which is their responsibility. The opinioms embankment submergence and

ribbon development depict similar trends for a# tespondents, that is, low priority.

Figure 4.4 displays maintenance strategy analgtisighways by using

variables (Table 4.27) according to the percepsarvey data. The comparative

variation of the maintenance strategy accordindhigher and lower priorities is

represented in Figure 4.4.



Results and Discussions 123
.
Ist Priority
70
60 \
50 \
¥ M
A M
20
« e /s -y
10
O T T T T 1
Choking of Improper Highway Embankmentin  Ribbon
drains maintenance geometricnot submergence development
proper
——o—Engineers (%) —#—Officials (%) = Others (%)
" J
.
Lower Priority
50
45 L
35 X / \\\/
30 // v )/\.
25 ré = e
20
—
15
10
Choking of Improper Highway Embankmentin  Ribbon
drains maintenance geometricnot submergence development
proper
——o—Engineers (%) —#—Officials (%) =i Others (%)
" J

Figure 4.4. Perception Opinion Analysis of Maintenace Strategy on Highway
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Highway engineers revealed the following consiitena during opinion survey,
which are essential in the maintenance strateggrfmoth movement of traffic.

. The pavement maintenance agency must mandatoolida route patrols
round the clock to assist motorists. The patrolspenel should be
adequately trained in traffic management, roadtgaéend primary first aid.
The highway agency should also provide ambulaneemg all facilities of
emergency assistance required such as a stretchearty the patient,
emergency medicines, and oxygen.

. Service roads should to be constructed in hab#egds with road signs at all
flaring locations.

. Pucca drain should be constructed in urban aredssarvice roads and

covered to ensure pedestrian safety.

4.5 STAKE HOLDER OPINION TO IMPROVE PROBLEM ON EXIS TING

HIGHWAY DRAINAGE

Table 4.28 presents the results of perceptionegyuwrenducted through a semi
structured questionnaire; the three main perceptg&upported by respondents are
consideration of water disposal of pavement surfediewed by disposal of drainage
water at curves and medians and minimum retenitio@ to drain surface water. The
other two perceptions to be incorporated in a haghwlesign are frequency of
maintenance and consideration of ribbon developntémivever, this opinion differs
among all respondents with engineers prioritisingter disposal of pavement and
official sprioritising disposal of drainage watércarves and medians and using water
for plantation. Respondents prioritised improvemainhighway condition. Freedom

was given to choose any other suggestion but harglysuggestion was available.
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Table 4.28. Stake Holder Opinion to Improve HighwayDrainage

Suggestions Engineers (%) Officials (%) Others (%) All
(%)

Ist Lower Ist Lower Ist Lower
Priority | Priority | Priority | Priority | Priority | Priority

Consideration of water 93.4 6.7 88.2 11.8 77 13 48.35
disposal at pavement surfac
for Routine Maintenance

D

Disposal of drainage water at 26.7 46.7 47.1 47.1 42.9 35.71 4103
curves and medians to be
utilised for Tree plantation

Minimum retention time to 40 26.7 41.2 29.4 35.7 50 37.16
drainage surface water

Proper renewal frequency on 73.3 26.7 58.8 35.3 78.6 21.4 49.01
highway

Consideration ribbon 53.3 33.3 52 47.1 42.8 57.8 47.71
development

Figure 4.5 derived using Table 4.28 presents thalyais of engineers,
officials and other respondents with respect tacgetion proposed in the survey.
The activities represented on horizontal axis deatified on the basis of field study
in consultation with technical experts. The figulearly indicates the analysis of
perception to identify the importance of highwayidage features essential for
improving the existing design. Engineers have givegher priority to water
disposal of pavement surface, whereas highway i@#icprioritised disposal of
drainage water at curves and medians and its usgee plantation, which is
economical in arid areas. Approximately 41% of aegr and officials gave first
priority to minimum water retention time for dramgi pavement surface water and
50% other respondents gave it second priority. Mba® 50% of respondents also

favoured the consideration of ribbon developmentighways.
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The perception survey results depicted in Figudes-4.5 are briefly
summarised priority-wise as follows: the drainage anaintenance mechanism of
transport design along with traffic managementsiseatially important for efficient
highway roads transport system; stakeholders stiggesideration of water disposal
at highway curve, regular maintenance, and conriger of ribbon development

important in highway design system.

Photo 4 displays large area of pavement surfagedpano arrangement of
quick disposal of surface water. The required drare not available. The water
retention time during the rainy days is more, whiebults in development of pot
holes and patches. The photo represents poor deat@ndition due to more water

retention time on pavement surface NH-8.

Photo 4. Poor Drainage due to More Water Retentioifime on NH-8
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4.5.1 Minimum Retention Time for Drainage Water onHighway Surface

The major concerns of highway authorities is wdbtgging on the road
surface, which is the major cause of pot holeschest, and road accidents
(Table 4.29). Almost all the respondents suggettatthe water should be drained
from the surface within no time. This suggestiors\gaven high priority equally by
all the respondents. The minimum retention time banreduced by providing

harvesting wells on ROW at suitable distances atiogrto drainage situations.

Table 4.29. Minimum Retention Time for Drainage Waér on Highway Surface

Priority Rank |Engineers (%) | Officials (%) | Others (%) All (%)
1 40.0 41.2 35.7 39.1
2 26.7 29.4 50.0 34.8
3 20.0 29.4 14.3 21.7
4 13.3 0.0 0.0 4.3
5 0.0 0.0 0.0 0.0
Total 100.0 100.0 100.0 100.0

4.5.2 Utilisation of Drainage Water at Curves and Mdians for Tree Plantation

As is well known, trees prevent floods during saifihe plantation developed
with the help of pavement surface water at curvesraedians can be designed for
economical drainage (Table 4.30). Majority of tiespondents recommend that the
water disposed at the curves and medians shoulssé@ for planting trees. Tree
plantation was supported by highway officials aritleos for further use of rain

water by providing surface water storage tanksaovdsting tanks in ROW.



Results and Discussions

g

129

Table 4.30. Use of Drainage Water at Curves and Méths for Tree Plantation

Priority Rank | Engineers (%) | Officials (%) | Others (%) All (%)
1 26.7 47.1 42.9 39.1
2 46.7 47.1 35.7 43.5
3 26.7 5.9 214 17.4
Total 100.0 100.0 100.0 100.0

Highway engineers and officials revealed that medipenings or drains for
efficient drainage of surface water should be acoiesed in super elevated sections.
Pucca Drain should be constructed in urban areagmice roads and covered to

ensure safety of pedestrians and disposal of rairhausehold water.

4.5.3 Consideration Ribbon Development

Table 4.31 shows that approximately 50% of thgpaoadents suggested
considering ribbon development in highway plannamgl design. This was highly
supported by engineers (53.3%) followed by highcatfs (54.0%) and others. The
concept was highly supported by engineers, officeald other respondents in order

for future ribbon development problem of highwayidage to be minimised by

introducing harvesting well in ROW.

Table 4.31. Perception on Consideration Ribbon Del@pment

Priority Rank |Engineers (%) | Officials (%) | Others (%) All (%)
1 53.3 52.0 42.8 50.0
2 33.3 47.1 57.1 45.7
3 13.3 0.0 0.0 4.3
4 0.0 0.0 0.0 0.0
Total 100.0 100.0 100.0 100.0
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4.5.4 Frequency of Highway Maintenance

Table 4.32 shows that approximately 73.3% of esgyis advised that the
highway should be maintained frequently. Most o #ngineers, officials, and
others gave high priority to the frequency of mamatnce. A highway that is maintained

frequently reduces the possibility of occurrencaafidents to some extent.

Table 4.32. Frequency of Highway Maintenance

Priority Rank |Engineers (%) | Officials (%) Others (%) All (%)
1 73.3 58.8 78.6 69.6
2 26.7 35.3 21.4 28.3
3 0.0 0.0 0.0 0.0
4 0.0 5.9 0.0 2.2
Total 100.0 100.0 100.0 100.0

4.5.5 Routine Maintenance

Approximately 87% of the respondents suggested tbads should be
maintained monthly represented (Table 4.33). Prop@intenance would keep the
roads free from patches, cracks, and water logdihg.water collection on pavement
surface develops patches or potholes, which arenthjer hurdle in the smooth flow
of traffic and cause accidents. Hence, properlynta@ed highways reduce accidents

by improving safety.

Table 4.33. Routine Maintenance

Priority Rank | Engineers (%) | Officials (%) | Others (%) All (%)
1 93.4 88.2 78.6 87.0

2 6.7 11.8 21.4 13.0

3 0.0 0.0 0.0 0.0

4 0.0 0.0 0.0 0.0
Total 100.0 100.0 100.0 100.0
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Some of the good, bad, and problematic factorsghef present highway
design have been highlighted earlier in this theBe suggestions for improvement
include the consideration for water disposal atagy curves, higher frequency of
maintenance, and consideration for ribbon develoypnidowever, the views differ
among the officials and engineers, who, on theshafsiheir experiences, have given
suggestions such as high frequency of maintenamteliaposal of water at curves and

medians. Other respondents emphasised more ogtémion time of surface drainage.

Improper drainage with pot holes, stagnant watethe surface and design
and construction defects are important factorspimor maintenance of highways.
Lastly, three important factors for the improvinggltway designs are highway
drainage, reconsideration for future ribbon develepts, genuine maintenance and

safety consideration to minimise accidents.

4.6 ALTERNATE DESIGN PERCEPTION FOR PRESENT SYSTEM
As per the survey conducted using semi structquestionnaire, suggestions

for improvement of present highway design systeenbaiefly analysed as follows.

Table 4.34 presents the priorities of perceptinrsoggestions for improving
present highway road designs. The safety considaréd minimise accidents is
given the top priority, followed by consideratiohriobon development, requirement
of genuine maintenance, utilisation of highway dagie water, and water disposal at
highway curves. The engineers give very high pyoto safety consideration to
minimise accidents, and the remainder of the fachoe in similar order of preference.
However, highway officials and other officials giviest and second priority the
safety consideration. In Table 4.3.4, the third dodrth important factors are

genuine maintenance and miscellaneous use of higtiveenage water.
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Hence, in future alternate highway designs, c@natibn of safety and ribbon

development and genuine maintenance must be goyepriority. The respondents

have given significant lower priorities to miscek®us use of water including its

disposal at curves.

Table 4.34. Alternate Design Suggestions on the Basf Priority

Suggestions Engineers (%) Officials (%) Others (%) All
(%)
Ist Lower Ist Lower Ist Lower
Priority | Priority | Priority | Priority | Priority | Priority
Safety consideration to 100 0 53 29.4 57.1 21.4| 43.48
minimise accident
Consideration ribbon 40 33.3 47 23.8 42.8 35.7 371
development
Genuine maintenance 40 33.3 29.4 41.4 42.8 28.6/ 35.091
required
Miscellaneous utilisation | 26.6 46.7 29.4 35.3 42.9 35.7 361
of highway drainage water
Consideration of water 20 46.7 41.2 41.2 21.4 35.7 34{3
disposal at highway curves

Figure 4.6 is derived using Table 4.34, and itatsts the comparative

analysis of suggestive perception factors for heywdrainage, which include genuine

maintenance, safety consideration and importanceisifellaneous use of water.

In addition, engineers have also given significdoiver priorities to

miscellaneous use of water collected from highwagindge system indicating

specific problems when disposing surface wateuates.
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During the perception survey, highway officialsakuggested that the need
for proper designing to improve road safety (Satetgineering) must be given top
priority. This includes regular road safety aud#sd removal of bottlenecks;
providing traffic education to school children, whiis a lifelong benefit to society,
publicity programmes and spreading of road-safetxaraness; need of driver
training and testing; financing road safety prograas; and proper enforcement of

traffic laws are focused upon as special remarkkerguestionnaire.

In addition, respondents reported the safety statsdof highway vehicle
users, which include seat belts, headrests, as, [sggcial seats for children, periodic
inspections combined with frequent random checkihgehicles, emergency medical

services, timely and proper treatment, and encangagad safety.

Furthermore, highway officials have revealed thavernment alone is not
responsible for road safety; civil society and ottiganisations such as commercial
sectors, service organisations, and nongovernmergahisations (NGOSs) also play
an important role in spreading road safety awarenas grass-roots level, NGOs
can provide an important input. Allotment of mamdaece cost with a proper
implementation plan for proper traffic managemeamd aroviding safety awareness
to road users is essential. The Government of Indiat make efforts to minimise
the increase in accidents. RSA is extremely essefoti the existing and proposed
new highways. The establishment of NRSC, State F&zdelty Council, and District

Committees under MORTH of states and UTs is necgssa
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4.6.1 Opinion for Ribbon Development
Table 4.35 presents the detailed perceptions, hwhiso have priorities

similar to those of Table 4.34.

Approximately 43.5% of the respondents gave wagghto the reconsideration
of ribbon development. The responses of all respotsdshow that highway officials
have given higher weightage to the considerationbion development compared

to other respondents.

Table 4.35. Perception of Ribbon Development

Priority Rank |Engineers (%) | Officials (%) | Others (%) All (%)
1 40.0 47.0 42.8 43.5
2 13.3 23.5 7.1 15.2
3 13.3 11.8 35.7 19.6
4 33.3 17.6 14.3 21.7
Total 100.0 100.0 100.0 100.0

4. 6.2 Opinion on Water Disposal at Curves
Table 4.36 shows that water disposal at highwayesuis not highly preferred.
More than 41% of the respondents showed their dersiion for water disposal at

highway curves and highway officials have given Meightage to this factor.

Highway officials further revealed that median wwpg or drains should be

constructed in super elevated sections for effidemnage of surface water.
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Table 4.36. Perception of Water Disposal at Highwaurves

Priority Rank |Engineers (%) | Officials (%) | Others (%) All (%)
1 20.0 41.2 21.4 28.3
2 13.3 11.8 28.6 17.4
3 20.0 5.9 14.3 13.0
4 46.7 41.2 35.7 41.3
Total 100.0 100.0 100.0 100.0

Furthermore, as a special remark, highway engineed other workers

revealed about the poor design and lack of maimiemaFor the safety of highway

roads, horizontal and vertical curves should begdes for proper drainage,which

should be checked regularly to ensure adequate sig@tion. Moreover, transition

lengths should be provided at curves with enougjhtsdistance and adequate
vertical clearances must be provided under alflffeerers and vehicular underpasses

for proper disposal of road surface water.

4.6.3 Opinion for Miscellaneous Use of Highway Draiage Water

Table 4.37 shows that more than 32% of the respriscemphasised on the
use of drainage water. Approximately 43% of othespondents prioritised the
miscellaneous use of water. Approximately 40% apomdents gave this factor

second priority.

Table 4.37. Perception for Miscellaneous use of Higvay Drainage Water

Priority Rank | Engineers (%) | Officials (%) | Others (%) All (%)
1 26.6 29.4 42.9 32.6
2 46.7 35.3 35.7 39.1
3 26.7 17.6 21.4 21.7
4 0.0 17.6 0.0 6.5
Total 100.0 100.0 100.0 100.0
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4.6.4 Opinion for Safety Consideration to MinimiseAccident

Photo represents the situation of an NH-8 junctiamere no traffic
management, traffic signal, or channelization @iffic is observed. The traffic
policemen seems helpless to control the traffia tlea junction. In such situations,

grade separator is essential for smooth and safement of traffic.

R U e

Photo 5. Describing Poor Traffic Management Enhancéccident on NH-8

Approximately 70.0% of the respondents highly edered road safety for
minimising accidents (Table 4.38). This was higfdyoured by all the engineers,
followed by more than half of the officials, anchets. The maintenance of roads is
not sufficient to minimise accidents; other fact@asch as speed, condition of
vehicles, road design, environmental factors, anuddn errors are also responsible

to a large extent, as revealed in the perceptiahyst

The informal observations in the questionnaireyea¢ the design and
maintenance problems on highway roads. The follgwinints are highlighted for
the safety on highway projects, in additional swfigeas and remarks, by

respondents (Table 4.38).
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Table 4.38. Perception for Safety Consideration tMinimise Accident

Priority Rank |Engineers (%) | Officials (%) | Others (%) All (%)
1 100.0 53.0 57.1 69.6
2 0.0 17.6 7.1 8.7
3 0.0 29.4 14.3 15.2
4 0.0 0.0 21.4 6.5
Total 100.0 100.0 100.0 100.0
. Crash barriers should be provided on embankmeritesavheight is more

than 3.0m, at major and minor bridge approachesshartp curves.

. Installation of road studs is essential in all juoas.

. Speed limit and informatory sign boards must beaitesl at merging and

diverging lanes, major junctions, and petrol pumps. signs should be

reflector type with high intensity retro-reflectigbeeting.

. Adequate lighting arrangement on all major and mijunmctions of the

highway should be installed with high mast lightiagangement for safe

movement of vehicular traffic and safety of pedass.

. Raised foot path must be provided in towns andagéds for safety of
pedestrians.

. Informatory sign boards must be installed in frofitbus bays and lorry
lay-bys.

. Proper designing of highway roads to improve radetyg (Safety Engineering).

. Regular RSAs and removal of bottlenecks as pefidnaiquirements.

. Financing road safety programmes through vehidest&tion.

. Encouraging road safety research.
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4.6.5 Opinions for Genuine Maintenance
Table 4.39 shows more than 37% of the respondaumggested genuine
maintenance roads. Among all the respondents, 40fly were engineers followed

by others. More than 41% officials have given seqamority for genuine maintenance.

Table 4.39. Perceptions on Genuine Maintenance Reiged

Priority Rank |Engineers (%) | Officials (%) | Others (%) All (%)
1 40.0 29.4 42.8 37.0
2 26.7 5.9 21.4 17.4
3 33.3 41.2 7.1 28.3
4 0.0 23.5 28.6 17.4
Total 100.0 100.0 100.0 100.0

In the survey, officials also suggested the follogvi

. Increase of the maintenance cost with a properamphtation plan.
. Following highway maintenance schedule.
. The area of study gets irregular rains; thereftdrey moderately affect the

area (but cannot be generalised).

4.7 PERCEPTION OF HIGHWAY VEHICLE DRIVERS

During the perception survey, some engineers almited some of the
challenges they might face in the future. The gngnise of telecommunication and
other technology (e.g., route guidance, infotainthand cell phones in vehicles)
distracts drivers. However, very few of them knowoegh about how this

equipment is used and how it affects driver attentiThere are hardly any laws
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prohibiting the use of this technology when drivirlg there any other solution
required? (e.g., blocking of cell phone transmissiovhen vehicle is in motion).
There is a growing problem of such technologica&l, @sd how prepared we are and
what steps needs to be taken for road safety seeesting areas for future research.
The survey was also conducted to analyse the problesafety and maintenance

through perception of drivers and highway users.

4.7.1 Perception on Monthly Expenditure of Vehicle

According to Table 4.40, the average monthly egare of lorry and bus is
significantly higher than other vehicles. Heavy ieéds such as buses and trucks are
mostly used for freight and passenger transfer fooma place to another and are

affected with more wear and tear.

Table 4.40. Perception on Monthly Expenditure by Vhicle

Vehicle type Monthly Expenditure
(in Rs.) approx.
Car 2600
Jeep 4100
Motor Cycle 1250
Lorry/Bus 14875

Three wheelers

4397

Therefore, according to their size and distancee@me, expenditure

incurred for maintenance is higher compared torotkaicles.
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Figure 4.7. Comparison of Vehicle Maintenance Cogtn Rupees)
with Vehicle Type
Figure 4.7 is derived using Table 4.40; it progidecomparison of monthly

expenditure with respect to vehicle type.

4.7.2 Perception on Causes of Increase in Maintena@and Operation Cost of
Vehicle

Most of the respondents that is 87.9% revealetiviiaicle maintenance cost
can be reduced by improving road condition presemelable 4.41. According to
the survey, condition of road, driver’s driving ftaland life of vehicles, old or news are

the three main factor responsible for higher velmeaintenance cost on highways.
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Table 4.41. Factors Affecting Vehicle Maintenance &st on Highway

Factors Number Reasons (%)
Condition of Road 255 87.9
Driver’'s Habits 240 82.8
Life of Vehicle New or Old 170 58.6
Maintenance of Vehicle itself 125 43.1
Cost of Vehicle 80 27.6
Total 290 100

As seen in Table 4.41, 82.8% respondents agregditivers’ habits affect
safety. Hence, VOC can be minimised by improvingdion of roads, which is an

indicator of maintenance.
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Figure 4.8. Analysis of General Factors of AcciderRelating Vehicular Operation

Figure 4.8 is derived using Table 4.41, and shth@sanalysis of number of

respondents and their opinions given for the fagdrs. The figure clearly indicates
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that the condition of road is the most importardtda for vehicle maintenance on
highways. Proper highway drainage and maintenaricead may improve the
condition of roads. Hence, proper highway drainaged maintenance are good
features for highway design system. In additionyets’ habits must also be

considered as safety factors.

4.7.3 Perception Factors of Highway Geometrics anlllaintenance on Vehicle
Operation
Maintenance of highways, drainage system, andaserfconditions of
highways are other three factors that affect thent®aance cost of vehicle on
highways (Table 4.42). Few others perceive thatway curve design and accident
free zones are factors affecting maintenance oficieelon highways. Hence,

maintenance of highway with proper drainage is irtgod for reducing VOC.

Table 4.42. Perception Factors on Maintenance of Viele on Highway

Highway Activity Factors Number Reasons (%)
Maintenance of Highway 275 91.7
Drainage System 230 76.7
Riding Surface 160 53.3
Highway Curve 145 48.3
Accident Free highway 75 25.0
Total 300 100

The analysis of number of accidents, percentageadons of five features
including maintenance of highway, drainage systaaimg surface highway, curves

and accident free highway are represented in Figi@&re
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The Figure clearly indicates that more than h&athe respondents agree that

proper drainage of highway and maintenance willltes good riding surface.
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Figure 4.9. Analysis of Highway Geometric Factor vih Accidents

4.7.4 Perception on Accidents Reasons of Highways

Table 4.43 presents the reasons of accidentsghwhls according to the
respondents of the survey: lack of traffic managgmand untimely increase
maintenance of highways. Improper drainage systeits presence of patches on
surfaces, recklessness on the part of drivers mpdoper vehicle maintenance also
result in accidents. Hence, traffic management ammntenance of road are

important for minimising road accidents.

The factors that cause accidents and deaths sulbbinaan errors: neglect in

driving or irrational driver behaviour; and infrastture problems: inadequate roads,
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road width, width and state of shoulders, and waftthe median. Furthermore, the
distance travelled, number of trips in transpootatiroad environment, number of
motorised vehicles, and motorised traffic, are assed with the country’s

development and income levels of its people.

Table 4.43. Perception on Accidents Reasons of Highys

Highway Activity Factors Number Reasons
Lack of Traffic management 200 66.7
Untimely maintenance of highway 155 51.7
Absence of drainage on surface or patches 100 33.3
Carelessness of driver 105 35.0
Insufficient maintenance of vehicle 90 30.0
Total 300 100

Figure 4.10 is derived using Table 4.43 and regnissthe analysis of general
factors of safety on highway for understandingrémult of perception survey on the
lack of traffic management, untimely maintenancdighway, absence of drainage
on surface or patches, carelessness of drivers,irsdficient maintenance of

vehicles.

Figure 4.10 clearly indicates that approximatedif lof the respondents
reveal that lack of traffic management, poor maiatee, and absence of drainage

or patches are responsible for accidents.
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Figure 4.10. Analysed Reasons of Accident on Highwa

4.7.5 Perception of Measures to Tackle Accident

Measures to tackle accidents also include velaiotk highway maintenance,
as discussed in Table 4.44. The timely maintenaidéghways, proper drainage
system, sign board, lights on highways, and prdpaffic management are the
necessary measures for tackling accidents on highwéence, improving the safety

on highways, genuine maintenance and proper draiaag essential factors for

future improvement of highway designs.
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Table 4.44: Measure to Tackle Accidents

Measures Number %
Timely maintenance of highway 255 85.0
Proper water drainage system 260 86.7
Lane marking / Sign Board 250 83.3
Management of Lights on the highway 235 78.3
Proper Traffic management 235 78.3
Total 300 100.0

Additional suggestions revealed by highway drivard users are as follows:

Providing traffic education to children in schooddjich is lifelong benefit to
society regarding road safety.

Publicity programmes and spreading of awarenesstabad safety.

Driver training and testing.

Proper enforcement of traffic laws.

Vehicle safety standards, such as seat belts, égtadair bags, special seats
for children, protection of the occupants with péit inspections and
frequent random checking of vehicles.

Emergency medical services for reduction of seyeoit injury of crash

victims in road casualties, timely, and propertiresnt.

Figure 4.11 is derived using Table 4.44 and pissamalysis of measures to

reduce accidents by perception data on timely raaanice of highway, proper water

drainage system, lane marking, sign boards, maragfeai lights on the highway,

and proper traffic management. More than 75% opaedents favour timely

maintenance, proper drainage, and traffic manageimaighway design systems.
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Figure 4.11. Analysis of Highway Features to Reduo&ccidents

Proper water drainage system, sign board, prap#img, genuine maintenance

and proper traffic management are necessary fattdeskle the accident problem.

Highway road users revealed through the questimthat lack of traffic
management, improper maintenance of highway, arsgérame of drainage, apart
from individual factors such as carelessness mirdgiand insufficient maintenance
of vehicle are responsible for higher number ofidents. Hence, accident data

study analysis is also essential for highway safety

4.7.6 Perception on Direct and Indirect Impact of Acident
Finally, the perceptions on both direct impact anatirect impact of accidents
on highway roads are presented in Table 4.45. Aigrto the respondents, the

main outcome of direct impact is loss of human. lifée other direct impacts are
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vehicle damage and huge expenditure incurred onicaledare. Furthermore,
indirect impacts include future damages due torynjand death of people in

hospital, traffic congestion on highways, and fataoredical expenditure.

Table 4.45. Direct and Indirect Impact of Accidents

Reasons %

Direct Impact

Vehicle Damage 75.9
Loss of life 92.3
Expenditure on medical 35.8

Indirect Impact

Highway jam or delay 51.0
Medical expenditure 53.8
In Injury/Death future damage 92.7
) )

®Highway jam or

® Vehicle delay
Damage
M [ oss of life H Medical

expenditure

M Expenditure

on medical M In Injury/Death

future damage

J J
Figure 4.12. Pie-Chart of Reasons

(Percentage of Direct and Indirect Impacts of Acciénts)

Figure 4.12 is derived using perception data ibldd.45 on direct and indirect
impact of accidents, to understand objectives fetyan highways. The main outcome
for direct loss are loss of life and vehicle damagke indirect losses are due to

highway congestion or delay, medical expenditune, iajury or future deaths.
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As highway drivers and other road users did neéaemuch on accidents
and safety, further accident data analysis was wded, for which results and
discussion are mentioned in the successive sectiegarding identification of

important factors of safety.

4.8 HIGHWAY SAFETY BY ACCIDENT ANALYSIS OF INDIAN R OADS

Data in Table 4.46 were obtained using secondatg df MORTH (Road
accident 2012). The number of fatal road accidewt®ased from 71,000 in 2001 to
1,23,000 in 2012, and number of people killed iasesl from 81,000 to 1,38,000
during the same period. Some improvement was obdarvrecent years as a result
of concerted and coordinated road safety effortee fumber of road accidents,
deaths and injuries declined in 2012 compared 1d 28ince 2000, the total number
of road accidents registered a decline for two eonsve years (i.e., 2011 and 2012)
(Table 4.46; Figure 4.13). In contrast the proporif fatal accidents from the total
road accidents has consistently increased sincg 266 18.1% to 25.1% in 2012.
The severity of road accidents, measured in termdeaths per 100 accidents
increased from 20 in 2001 to 27 in 2012. Howewveis humber declined to 27.1
during 2012 from to 27.9 in 2011. According to tlesultant consequences, further
road safety efforts for the highway design systeenrapresented in the successive

subsections.

Figure 4.13 is derived using accident details ididnduring 2001-2012 in
terms of the number of accidents (in thousandsjthde injuries(in thousands), and

accident severity.
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Table 4.46. Accidents Detail, India, 2001-2012

Year No of Accidents No of Persons Accident
(Thousand) (Thousand) severity*
Total Fatal Death Injured
2001 405.6 71.2 80.9 405.2 20.0
2002 407.5 73.6 84.7 408.7 20.7
2003 406.7 73.6 85.9 435.1 19.7
2004 429.9 79.4 92.6 465.5 19.9
2005 439.3 83.5 95.1 465.3 20.4
2006 460.9 93.9 105.7 496.5 21.3
2007 479.2 101.2 114.4 513.3 22.3
2008 484.7 106.6 119.9 523.2 22.9
2009 486.4 110.9 125.7 515.5 24.4
2010 499.6 119.6 134.5 527.5 25.5
2011 497.7 121.6 142.5 511.4 27.9
2012 490.4 123.1 138.3 509.7 27.1

*Death out of those injured

Because of safety efforts, the dip in the linegdaan after the year 2010 is

clearly indicates reduction in accidents.
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Figure 4.13. Graphical Representation of Accident Btails in India 2001-2012
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Figure 4.14 illustrates the increase in traffitafities and serious injuries
occurring in India from 1992 to 2012. It shows thia¢ compound annual growth
rate of accidents and injuries during the last tlecades has reduced but rate of
death has increased more than eight fold (Roadyspddicy, 2012). This indicates
that the severity of injuries has increased becabtib@gh traffic speeds, congestions,

and poor traffic management.
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Figure 4.14. Compound Growth Rate of Accidents, Deh and Injuries
During the Decade

Figure 4.15 depicts the road accidents on noratais per lakh of
population and ten thousands of vehicles. It shthas the rate of accident per lakh
population has continuously reduced over the ybatsthe rate of accident per ten
thousands of vehicles has increased during thaibdogiRoad accident 2012).
Furthermore, to obtain an appropriate count ofitkelences of accidents and deaths,
normalised and standardised rates have been waledn terms of number of
accidents per lakh of people, accidents per teastmls of motor vehicles, and road

deaths per lakh of population.



Results and Discussions 153

90
80 4\-\
70

60

50

40 -

30

20

10

O T T T T T T T T T T T T 1
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

=o—Population —#=Vehicle

Figure 4.15. Year-Wise Road Accidents on per Lakh épulation and
Ten Thousands of Vehicles
Number of accidents per lakh population has cootisly declined over the
years and reduced more than half during the lastdkefrom 80 accidents per lakh
population in 2000 to 34 accidents per lakh poputain 2012. Contrary to accident
per lakh population, accidents per ten thousandcle=hhave marginally increased
from 39 in 2000 to 41 in 2012. Analysis of acciddata shows that although the
intensity of growth has come down drastically, ioger management of vehicles is

the major cause of accidents (WHO, 2012).

Figure 4.16 depicts fluctuation in the number ebple injured per lakh of
population; 39 in 2000 to 46 in 2008. This numbeclohed to 42 in 2012. This
indicates that road injuries increased for mosttiedf years in the last decade;

however, after 2008, a declining trend is seemalih roads.
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Figure 4.16. Road Injuries per lakh Population Yealy

Figure 4.17 illustrates the number of deaths pkh lof population, which
increased from 8 in 2000 to 12 in 2011 and marbindéclined during the same
period from 12 to 11. This highlights the road safefforts made, which proves

hypothesis of road safety importance in a highwasigh system.
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® Road deaths per lakh population yearly bar diagram

Figure 4.17. Road Deaths per Lakh Population Yearly
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Figure 4.18 presents the major classificationnafidn roads as NH, SH and
ODR. NHs account for less than one-third of (298taltroad accidents and injured

(30%) but more than one-third (35%) of deaths dueoid accidents during 2012.

155

SHs account for quarter of (24%) of total accideantd injured (26%) with similar

share (27%) in the total number of deaths durind220Contrastively, more

accidents and injured with lower percentage of lueatere reported for the other
roads. This indicates the problem of highways desigtem, which permits greater
speed resulting in relatively greater number ofdr@acidents and fatalities. The
reduction in road death per lakh population in Fégd.17 during year 2011-12 is

the result of road safety efforts in India. The tdeand casualties on Indian

highways are more because of poor traffic manageamhlimited length and width

for catering 40% of the country’s traffic (NHAI 2B1Road accident 2012).
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Figure 4.18. Comparison of Accidents, Deaths and juries as Per Road Category
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Other factors such as defects in road, defectgeimcle, pedestrians’ fault,
cyclists’ fault, and weather conditions also playne role in road accidents rates. The
accident analysis highlights the lack of footpaiesyice lanes, cycle tracks, and traffic

measures for reducing speed, which have increbsatsk of accidents and its severity.

4.8.1 State-Wise Road Accident and Death

Figures 4.19-4.21 present state-wise break upcofients, fatalities, and
severity of road accidents on Indian roads. It ghes information about the share of
top five states in India in the total number ofd@cidents and deaths, and top ten
states having highest severity of road acciderts.share of top five states in the total
number of road accidents in the country has inee®as2012 compared to 2011. The
top five states in order of highest to lowest sl@reoad accidents are Maharashtra,

Tamil Nadu, Madhya Pradesh, Andhra Pradesh, andaaita (Road accident 2012).

»
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Figure 4.19. Top Five State on Share of Total Perntage of Accidents
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The share of the top 5 states in the total nundeeths in road accidents in
the country also declined to 51% during 2012 comepao 52% in 2011. Among the
top five states, which lead in the share of deathsad accidents, in order of highest
to lowest, are Uttar Pradesh, Tamil Nadu, Madhyal&sh, Maharashtra, and Rajasthan.
Rajasthan and Uttar Pradesh did not constitutéaghdive in the list of accidents but

ranked at the top in accident-related deaths.

m Uttar Pradesh

® Maharashtra

® Tamil Nadu

® Rajasthan

® Andhra Pradesh
M Others

Figure 4.20. Top Five State on Percentage Share Dhtal People
Died in Road Accidents

Maharashtra, Tamil Nadu and Andhra Pradesh ardoghehree state that

contribute in the total share of accidents andideat

However, the state comparisons of accidents have&ations, and must be
viewed keeping in mind the differences in road meky state of roads, number of
humans and vehicles, levels of urbanisation, amtlant reporting systems. These
parameters play a significant role in accidentgaléde severity of road accidents is

presented in Figure 4.21 on basis of the aforemeeti parameters.
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Figure 4.21: State-wise Severity of Road AccidentfDeaths Per 100 Accidents)

In the severity of road accident, most of the uddeeloped states ranked in
the top ten, except Punjab and Gujarat. These tatesscater to a large number of
heavy vehicles with more highway traffic movemetttan others, which attributed

to the high severity in road accidents.

4.8.2 Cause of Road Accidents

The major cause of accidents in developing coemtis not necessarily
negligence during driving or irrational driver befwaur; on careful study, one could
understand that the infrastructure provided for tbhad users are not adequate
enough to cater to the needs. On the basis of pidad scientific research
involving analysis of road accidents and studieshow vehicles are driven under
different road conditions, several possible roasigte indicators that contribute to

accidents are as follows:
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Insufficient road width, state of shoulders, widthmedian, poor grades of
highway road, deficiency in site distance, radidshorizontal curves including
deficiency in super elevation at curve, inadequatienproper provision of road user
information and guidance facilities, lack of prdtee measures for errant or run-off-
the-road vehicles, absence of traffic segregatemiqularly at rural-urban interface,
lack of assessment of control measures, poor safatyagement during construction,

and absence of gore area treatment at approacexitoseparated structure.

However, road accidents leading to deaths andig@sjuargely dependent on
the distance travelled, defined as the numberip$ in transportation, time in the
road environment, number of motorised vehicles, amedorised traffic. However,
these factors are mainly associated with the cgisntievelopment and income level
of its people. In developed countries, risk of r@adidents due to these factors has
been reduced through effective road safety engimgertraffic management,
enforcement of traffic laws, and severity of peiealfor infringement (Shanker et al.
1995). Figure 4.22 illustrate that in India, thfeerth of the road accidents occurred
because of the drivers. Other factors such as defeoad (2%), defect in vehicle
(2%), pedestrians’ fault (3%), cyclists’ fault (198nd weather conditions (1%) also

play some role in road accidents. (Hallmark eR@02; Seeck et al. 2009).

This phenomenon of Indian road accidents in modead systems designed
for the motor vehicles exposing vulnerable roadsuse greater risk of accidents. In
developing countries such as India, lack of fodtpaservice lanes, cycle tracks, and
measures to reduce speed where non—motorised moti@nsport blend with
motorised traffic increases the risk of accidemd &s severity. These factors have
contributed towards increase in road related aotileinjuries, and deaths in

relation to increasing road length. Highway safedy be enhanced by providing
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facilities for pedestrians and cyclists along wafteed reduction schemes, thereby
weakening the nexus between road accidents, isjuatid deaths with development

of road network (WHO 2012).
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Figure 4.22. Analysis of Causes of Road Accidents india

4.9 IMPORTANT FACTORS AND RELATIONSHIP OF FIND SURV EY
DATA BETWEEN GOOD AND BAD FEATURES
The analysation of interdependence/relationshipvéen good and bad

features of highway design systems are represastéallows:

Table 4.47 presents a correlation matrix that lbeen prepared to examine
the association between the variables. In additrapprtant factors are identified by
using factor analysis. Kendall's correlation is @nparametric measure of
association for ordinal or ranked variables. Thg ©f the coefficient indicates the
direction of the relationship, and its absoluteueaihdicates the strength, with larger
absolute values indicating stronger relationsHjussible values range from -1 to 1,

but a value of -1 or +1 is analysed from squarketab
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Table 4.47. Correlations Results of Good Featured Bresent Highway with Maintenance

161

Good /bad Proper Good |Highway| Proper Regular | Improper | Improper Irregular Design

features variables drainage of| riding crust no traffic maintenanceg drainage surface renewal | gefects
water surface | failure |management and safety camber

Proper drainage of 1.000 0.184 0.093 .332(*%) 0.076 0.181 -.216 -.347(%) 0.025
water
Good riding 0.184 1.000 0.015 0.120 0.316(*) -.072 112 -.114 -.029
surface
Highway crust no 0.093 0.015 1.000| 0.385(**) A33(**) 0.060 -.361(**) -.304(*) -.044
failure
Proper traffic 0.332(*) -.120 .385(**) 1.000 0.020 0.048 -.090 -.103 0.07b
management
Regular 0.076 316(*) | -.433(*) 0.020 1.000 0.130 -.152 -.232 -.148
maintenance and
safety
Improper drainage  0.181 -.072 0.060 0.048 0.130 1.000 0.126 .347(**) 0.053
Improper surface -.216 0.112 |-.361(**) -.090 -.152 0.126 1.000 0.319(*) 0.297
camber *)
Irregular renewal| -.347(*) -.114 -.304(*) -.103 -.232 347(%%) .319(%) 1.000 254(%)
Design defects 0.025 -.029 -.044 0.075 -.148 0.0%3 0.297(*) 0.254(*) 1.000

* Correlation is significant at the 0.05 levelt@lled).
** Correlation is significant at the 0.01 leveH@iled).Number:40 (Observations)
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The correlation matrix presented in the Table 4gtibws significant

meaningful results that are briefly given by usihg Kendall coefficient.

(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

A proper drainage system has moderate significalationship with proper
traffic management and irregular renewal with datren coefficients of
+0.332 and 0.347, respectively.

A good riding surface is only moderately relateddgular maintenance and
safety having coefficient of +0.316.

Highway crust no sign of failure is an importantrizale with a highly
significant relationship with proper traffic managent, regular maintenance
and safety, and improper surface camber and is ratedg related to
irregular renewal representing correlation coedits of +0.385, +0.433, —
0.361, and —0.347, respectively.

Proper traffic management is significantly relategroper drainage of water
and no failure of highway crust with correlatioretficient of +0.332.
Regular maintenance and safety factor is signitigaelated to no failure of
highway crust and good riding surface with corielatcoefficients of +
0.385, + 0.433, —0.316, respectively.

Improper drainage is significantly associated witlegular renewal, poor
traffic management, highway in submergence and opgr maintenance
schedule with correlation coefficients of +0.3470.352, +0.361, +0.285,
respectively.

Improper surface camber is associated with irregtdmewal and design

defect with correlation coefficients 0f—0.319 ar@l 297, respectively.
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(viii) Irregular renewal is associated with improper nsanhce schedule,
improper drainage at curve, improper surface dgarend improper surface
camber with design defect with correlation coedfits if +0.312, +0.290,
+0.347, —0.319, and-0.254, respectively.

(ix)  Design defect is associated with improper highwalety, proper traffic
management, improper surface camber, and irreguéarewal with

correlation coefficients of +0.299, +0.310, +0.29254, respectively.

Hence, good features of highway design are prdm@nage of water, proper
traffic management, regular highway maintenancel safety with no sign of

highway crust failure.

Finally, improper surface camber, irregular renearsd design deficit are
significant good features of present highway ro@dsng with good riding surface
and proper drainage system of water, three othgoitant variables for good
feature or highway design are proper traffic manag# on highway road, highway

safety schedule, and highway in submergence vasabl

Hence, drainage is moderately correlated with reaence and traffic safety

of highway, which is the hypothesis of this resbarc

The correlation presented in Table 4.48 showsifssggnt and meaningful
results represented using the Kendall coefficient.
(1) Highway in submergence shows significant relatigmswith improper
drainage, poor traffic management, and impropentaaance with Kendall

coefficients of +0.361, —0.401, and —0.320, regpelst
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Table 4.48. Correlations Results of Bad Feature ¢fresent Highway with Maintenance

Bad features Highway in Improper | Improper | Improper | Poor traffic | Improper | Improper | Irregular | Design
variables submergence maintenance| Highway | drainage | management| drainage | surface | renewal | defects
schedule safety | of high camber
curves

Highway in 1.000 -.320(*) 0.149 0.037 -401(**) | 0.361(**) | 0.112 -.122 -.035
submergence
Improper -.320(*) 1.000 -.359(**) | 0.409(**) 0.172 0.285(*) 0.158 | 0.312(*) | -.118
maintenance
schedule
Improper 0.149 -.359(**) 1.000 0.081 0.347(*) 0.164 -.078 -.225 [0.299(%)
Highway safety
Improper 0.037 0.409(**) 0.081 1.000 0.339(**) 0.241 0.080 | 0.290(*) | 0.154
drainage of
highway curves
Poor traffic 0.401(**) 0.172 0.347(**) | 0.339(**) 1.000 0.352(**) | 0.078 | 0.266(*) | 0.310(*)
management
Improper 0.361(**) 0.285(*) 0.164 0.241 0.352(**) 1.000 -.126 | 0.347(**) | 0.053
drainage
Improper surface 0.112 0.158 -.078 0.080 0.078 -.126 1.000 -.319(*) | 0.297(*%)
camber
Irregular renewal -.122 0.312(*) -.225 0.290(*) 0.266(*) | 0.347(**) | -.319(%) 1.000 | -.254(*)
Design defects -.035 -.118 0.299(*) | 00.154 0.310(*) 0.053 | 0.297(*) | -.254(*) | 1.000

* Correlation is significant at the 0.05 levelt@led).
** Correlation is significant at the 0.01 leveH@iled). Number: 40 (Observations).
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(i) Highway in submergence is significantly relatedrmproper drainage, poor
traffic management, improper maintenance with Kéndeefficients of
+0.361, —0.401, and —0.320, respectively.

(i) Improper maintenance schedule is significantlytegldo improper drainage
and irregular renewal with correlation coefficiesit + 0.409 and+ 0.312,
respectively.

(iv)  Improper highway safety is significantly relatedgoor traffic management
and design effect with improper maintenance witlhredation coefficients
+0.347, +0.299, and—0.357, respectively.

(v) Improper drainage of high curve is significantlyated to irregular renewal,
improper maintenance and poor traffic managementh vaorrelation
coefficients of +0.290, + 0.409, and +0.339, retipely.

(viy  Poor traffic management is significantly relatechighway in submergence,
improper safety, improper drainage at curve, imprajrainage system, and
irregular renewal with correlation coefficients 401, +0.339, +0.352,

+0.347, and +0.266, respectively.

This indicates that poor traffic management, inperodrainage, irregular
renewal, design defects highway in submergencetopgr maintenance schedule,
highway safety, and improper drainage of highwayes are related with each

other as is proved using Kendall coefficients.

4.10 PERCEPTION DATA FACTOR ANALYSIS RESULTS
The survey data collected using a semi structguedtionnaire was analysed

using a principal factor method to obtain varioastérs and their Eigen values for
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meaningful results. Tables 4.49-4.56 representa$igits obtained to understand the
research objectives. In the following sections, omi@nt factors of good and bad
feature of present highway design, poor conditioos maintenance, and
improvement of present highway design have beentiftel using the factor
analysis technique. The factors must have an Eigdue greater than zero to be

retained and identified by their factor loadingpasitive.

4.10.1 Good Features of Present Highway Design Sgst

The results obtained using the principal factothod are represented in
Tables 4.49-4.50 as follows: al: Proper drainageabér, a2: Good Riding surface,
a3: proper traffic management, a4: Highway crustsign failure, a5: Regular
maintenance schedule. These are derived using iawit perception results

recorded in Tables 4.1-4.5.

Number of observations = 40 Method: Principal dast
Retained factors = 4 Rotation: (unrotated)
Number of params = 10

Table 4.49. Result of Factor Analysis on Good Feate! of
Present Highway System

Factor Eigen value Difference Proportion Cumulative
Factor 1 1.73236 0.69310 0.5299 0.5299
Factor 2 1.03926 0.57373 0.3179 0.8478
Factor 3 0.46552 0.18819 0.1424 0.9902
Factor 4 0.27734 0.52251 0.0848 1.0750
Factor 5 -0.24517 -0.0750 1.0000

LR test: independent vs. saturated: %h0) = 74.26 Prob>chi 0.0000
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The good feature of present highway road hasdomponents. The factor
analysis method shows that the first componentagxpl53% of the variation in the
data. Earlier perception results data representd@bles 4.1-4.5 are further analyse

during the principal factor method presented inl@&h50.

Table 4.50. Factor Loadings (Pattern Matrix) and Unque Variances

Variable Factor 1 Factor 2 Factor 3 Factor 4 | Uniqueess
al 0.3781 0.6154 0.1742 -0.2982 0.3590
a2 0.4148 -0.5547 0.4215 0.0922 0.3341
a3 0.6971 -0.0198 -0.4606 0.1380 0.2825
a4 -0.7298 -0.3972 -0.1913 -0.2450 0.2130
a5 -0.6315 0.4412 0.0939 0.3175 0.2969

Furthermore, the factor loading of the first factbowed that proper traffic
management, good riding surface, and proper drairsygtem of water are three
most important variables for a highway design swstan which optimum

maintenance is possible.

4.10.2 Bad Features of Present Highway System
The results obtained using the principal factothod has been represented
in Tables 4.51-4.52 as follows: bl: Highway in sebgence; b2: maintenance
schedule is improper; b3: Highway safety schedsil@at proper; b4: highway of
high median and curves is not proper; b5: Poofitramhanagement on drainage;
these are derived by perception in Tables 4.7-4.11.
Number of observations = 43 Method: printfpators
Retained factors = 4

Rotation: (unradate

Number of params = 10
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Table 4.51. Factor Analysis of Bad Feature of PreséHighway System

Factor Eigen value Difference Proportion Cumulative
Factor 1 1.80097 1.33306 0.7178 0.7178
Factor 2 0.46790 0.13163 0.1865 0.9043
Factor 3 0.33627 0.11113 0.1340 1.0383
Factor 4 0.22514 0.54632 0.0897 1.1280
Factor 5 -0.32118 -0.1280 1.0000

LR test: independent vs. saturated: %h0) = 61.05 Prob>chi 0.0000

The first components explain 72% variation in theta. Results of factor
loading of first factor further explain poor traffmanagement on highways. The
perception data recorded in Tables 4.7-4.11 werthdu analysed using the

principal factor method, and the results are reypeed in Table 4.52.

Table 4.52. Factor Loadings (Pattern Matrix) and Unque Variances

Variable Factor 1 Factor 2 Factor 3 Factor 4 Uniqueess
bl 0.4581 0.0422 0.3799 0.2595 0.5766
b2 -0.7324 0.2275 -0.2318 0.2026 0.3171
b3 0.5552 0.4131 -0.0514 -0.2484 0.4567
b4 0.5716 -0.4261 -0.2775 0.0291 0.4139
b5 -0.6479 -0.2493 0.2419 -0.2327 0.4054

Factor loading of factors 1 and 2 show that impropighway safety
schedule and highway in submergence variables ast important bad features of a

highway design system for highway drainage in careésafety and maintenance.
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4.10.3 Poor Condition of Maintenance

The survey data and results obtained by princiiaator analysis are
represented in Tables 4.53-4.54 by the denotatiohdDrainage is not proper,
enhance to develop pot holes/Patches; c2-Surfanbaraallows stagnant water on
pavement; c3-Regular Renewal is not being applddDesign and construction
defects appearance on highway surface. These pere@re recorded in Tables
4,12-4.15.

Number of Observations = 46 Method: principal fasto

Retained Factors 3 Rotation: (unrotated)

Number of Params 6

Table 4.53. Factor Analysis of Poor Condition of Mantenance

Factor Eigen value Difference Proportion Cumulative
Factor 1 1.25445 0.27503 0.5555 0.5555
Factor 2 0.97943 0.68565 0.4337 0.9892
Factor 3 0.29378 0.56315 0.1301 1.1193
Factor 4 -0.26937 -0.1193 1.0000

LR test: independent vs. saturated: “ofi) = 58.19 Prob>chi 0.0000

The first component explains 56% of the variation the data. The
perception data mentioned in Tables 4.12—-4.15 vienther analysed using the

principal factor method, and the results are restbid Table 4.54.
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Table 4.54. Factor Loadings (Pattern Matrix) and Unque Variances

Variable Factor 1 Factor 2 Factor 3 Uniqueness
C1l 0.6109 0.1323 0.3833 0.4624
C2 0.3183 -0.7070 -0.2121 0.3538
C3 -0.8654 -0.0283 0.1335 0.2325
C4 0.1763 0.6792 -0.2899 0.4236

Furthermore, factor loading of the first factor tbe variables shows that
improper drainage with pot holes, stagnant water sorface, and design and
construction defects are the important factorspfwor maintenance of highway roads,

which are cause by improper drainage of water @ampant surface.

4.10.4 Suggestion for Improvement of Present HighwaDesign System

The respondents perceptions were analysed usengrimcipal factor method
that is represented using Tables 4.55 and 4.56 lascbnsideration of ribbon
development; D2: consideration of water disposal heghway curves; D3:
miscellaneous use of highway drainage water; Dietyga@onsideration to minimise
accidents; D5: genuine maintenance required. Tpeseeptions are recorded in
Tables 4.35-4.39.
Number of observations = 46 Method: principal fasto
Retained factors = 4 Rotation: (unrotated)

Number of params = 10
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Table 4.55. Suggestion for Improvement of Presentighway Design System

Factor Eigen value Difference Proportion Cumulative
Factor 1 1.03701 0.08562 0.4922 0.4922
Factor 2 0.95139 0.60798 0.4515 0.9437
Factor 3 0.34341 0.21246 0.1630 1.1066
Factor 4 0.13095 0.48662 0.0621 1.1688
Factor 5 -0.35567 -0.1688 1.0000

LR test: independent vs. saturated: %h0) = 47.81 Prob>chi 0.0000

The earlier perception result data mentioned iblds 4.35-4.39 further

analysed by principal factor method results obiirepresented by Table 4.56.

Table 4.56. Factor Loadings (Pattern Matrix) and Unque Variances

Variable Factor 1 Factor 2 Factor 3 Factor 4 | Uniqueess
D1 0.0699 -0.8016 0.0853 0.0288 0.3445
D2 -0.6985 0.1496 -0.2013 -0.1469 0.4275
D3 -0.2827 0.3622 0.2778 0.2340 0.6569
D4 0.4531 0.3162 Br45 -0.2055 0.5771
D5 0.5088 0.2352 -0.3782 0.1074 0.5312

The first and second factors explain approxima®dib variation in the data.
In addition, factor loadings of factors 1 and 2 destrate that according to the first
factor, two important factors for improvement arafesy of highway design are
genuine maintenance, safety consideration to magnaiccidents. However, when
we include factor 2, miscellaneous utilisation afhway drainage water and
consideration of water disposal at highway curvesadso included in the first four
important variables. However, the common varialdes requirement of genuine

maintenance and safety consideration.
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Hence, three important factors for improvement aafety of highways
design are proper drainage, genuine maintenance safety consideration. Road
safety depends indubitably on the support and maatioall stakeholders including
government, civil society organisations, and roadrs. India’s road fatalities are
probably the highest with some improvement in sadeinditions in the recent years.
However, increasing traffic congestions are st#rqeived for the future. NHs
account for higher number of deaths due to roadlants compared to other roads

in recent years.

4,11 MODEL TESTING DATA RESULTS

A detailed analysis was further conducted on hjhdrainage, maintenance
and safety to understand some of the major factiorsad safety apart from routine
highway design systems. During primary data anslyisiformal discussions held
among engineers and highway users, during the gunee been used to elicit the
various features of the highways because they dide&veal much information in

the formal interview.

Traffic, highway maintenance, accidents and rdlirfata of the study area
were analysed to prove the hypothesis regardingwag drainage modelling for
optimum maintenance and safety. The data colleotedhe highway connecting
Jaipur city to Delhi were further used for analgswariance to obtain regression

coefficient results.

The year-wise monthly data used in the regressmmdel analysis are
presented in Tables 4.57-4.60 showing details ofb@r of vehicles, accidents,

rainfall, and maintenance cost of the selectedvaghstretch. The results showed
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that with the gradual increase in the number oficles, accident rate and
maintenance cost fluctuate. However, the rainfathdshow high fluctuations, with
some months recording almost nil and other morgberding as high as 360 cm of

rainfall. The data are presented yearly in Figt4e?6.

Figure 4.23 presents variation in secondary datangl 2008 (Table 4.57) to

understand the trends of monthly variation.

Table 4.57. Highway Traffic, Rainfall and Monthly Maintenance Cost and

Accident Data (2008)

Year Month Vehicle | Accident (in | Rainfall Maintenance
(in lacs) hundred) (cm) (in lacs)
2008 | January 36 4.0 0 28
2008 | February 55.9 12 0 40
2008 | March 57.3 13 0 42
2008 | April 60 13 13 40
2008 | May 58.8 13 87 40
2008 | June 36.2 15 356 41
2008 | July 56.6 15 123 40
2008 | August 52.4 17 208 42
2008 | September 55.9 17 237 45
2008 | October 54.1 18 0 42
2008 | November 56.9 19 0 40
2008 | December 55.5 2 0 43
635.6 176 1024 483
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Figure 4.23. Monthly Data of Vehicle, Accident, Raifall and
Maintenance Cost (2008)

The rainfall is more effective during June—Octoliéigure 4.23) compared

with other months. Increase in vehicles causestdaion in accident data and

maintenance cost.
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Table 4.58. Highway Traffic, Rainfall, Monthly Maintenance Cost

and Accident Data (2009)

Year Month Vehicle Accident Rainfall | Maintenance
(in lacs) | (in hundred) (cm) (in lacs)
2009 | January 59.7 18 0 40
2009 | February 57.3 19 3 43
2009 | March 55 20 10 42
2009 | April 56.7 21 0 41
2009 | May 56.2 24 19 31
2009 | June 60.4 24 65 38
2009 | July 55 25 147 30
2009 | August 57.8 25 174 30
2009 | September 61.9 25 147 30
2009 | October 58.1 26 0 30
2009 | November 57.7 27 12 30
2009 | December 65.6 29 4 30
701.4 283 581 415

Figure 4.24 is derived using Table 4.58 and regnissgraphical variation in

data behaviour during year 2009.
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Figure 4.24. Monthly Data of Vehicle, Accident, Raifall and
Maintenance Cost (2009)

Figure 4.24 shows that rainfall is effective dgriApril, June—October, and
December compared with other months. The otherakbbas do not show much

fluctuations.
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Table 4.59. Highway Traffic, Rainfall, Monthly Maintenance Cost and

Accident Data (2010)

Year Month Vehicle Accident Rainfall | Maintenance
(in lacs) | (in hundred) (cm) (in lacs)
2010 | January 63.8 19 7 40
2010 | February 62.1 20 23 30
2010 | March 67 24 0 32
2010 | April 65.8 25 0 30
2010 | May 67.3 28 0 30
2010 | June 70.1 28 34 30
2010 | July 67.6 28 137 40
2010 | August 67.8 29 250 30
2010 | September 70.3 29 360 30
2010 | October 66.3 30 5 30
2010 | November 70.7 33 37 30
2010 | December 74.4 33 4 30
813.2 326 857 382

Figure 4.25 is derived using Table 4.59 to une@btthe variation and

behaviour of monthly data during 2010.
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Figure 4.25. Monthly Data of Vehicle, Accident, Raifall and
Maintenance Cost (2010)

Figure 4.25 demonstrates that the rainfall is ifgant during July—
September and slightly in January, February, anceDer. The value of the other

variables show an increase compared with thoseegbtevious years.
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Table 4.60. Highway Traffic, Rainfall, Monthly Maintenance Cost and

Accident Data (2011)

Year Month Vehicle Accident Rainfall | Maintenance
(in lacs) (in hundred) (cm) (in lacs)
2011 | January 75.1 22 0 30
2011 | February 70.1 25 43 30
2011 | March 72.3 26 0 30
2011 | April 71.2 26 0 32
2011 | May 71.7 26 21 40
2011 | June 73.8 28 80 30
2011 | July 75.9 28 127 30
2011 | August 72.4 31 259 30
2011 | September 73.9 32 283 30
2011 | October 71.5 37 0 30
2011 | November 73.5 38 0 30
2011 | December 72.6 41 0 31
874 360 813 373

Figure 4.26 is derived using Table 4.60 and repressmonthly traffic data,
mainteance cost, accident data, and rainfall toetsdnd variations during year

2011.
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Figure 4.26. Monthly Data of Vehicle, Accident, Raifall and
Maintenance Cost (2011)

Figure 4.26 shows rainfall having considerable@ffduring July—October,
anda slight effect in February and March; its shalsost nil effect in the other

months. The other varibales except mainteancedewsbnstrate an increase.

Furthermore, the yearly secondary data of NH-8adse represented inTable
4.61,which describes accident data as dependaiabi@aand number of vehicles,
mainteance cost, and annual rainfall asindependsnmbles to obtain meaningful

results (Report of rainfall data 2012; Traffic og@n data expressway).
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Table 4.61. Year-Wise Variation of Highway Operatio Data for NH-8

Year | No. of Vehicle | Maintenance in Accident Rainfall
(in lacs) cost (inlacs) | (inthousand) (cm)
2008 635.60 483.00 176.00 1024
2009 701.14 415.00 283.00 581
2010 813.20 382.00 326.00 857
2011 874.00 373.00 360.00 813

Figure 4.27 derived by using Table 4.61 represemtly variation of
secondary data of NH-8 to compare rainfall, maiatexe, and accident due to
vehicular activities, for studying the inter-retatship among variables by
considering accidents data as dependant varialidgawidy drainage depends upon
rainfall data because of non-availability of othewnditions. The rainfall was
measured in centimetres and was considered asrageavariable in the analysis.

The maintenance cost and number of vehicles wersidered in lakhs for

calculation of regression results.

The secondary monthly data was analysed in tefrmuimber of vehicles,
maintenance cost and rainfall (as independent blasa and accident data
(as dependant variables). The data variation shbatsas the number of vehicle
increase, accident and maintenance cost show aarfidctuation, and the rainfall

shows high fluctuations.

The significant relationships among the aforenwewd variables were
examined using multiple regression analysis andffica@nt results to prove

hypothesis of research objectives.
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Figure 4.27. Year-Wise Comparative Variation in Hidgiway Operation
Data on NH-8

4.12 STATISTICAL ANALYSIS ON HIGHWAY DRAINAGE MAINT ENANCE

AND SAFETY

Statistical critical analysis is performed on Mgly drainage, maintenance and
safety by selecting dependant and independent variableth@rbasis of research
methodology. In absence of proper drainage dat#athiis taken to achieve the
correlation effect among highway drainage, mainteaaand accident data. Model
testing observed to examine the confidently of sdaoy datas. Further analysis of
variance performer on result of model summary blecsmg predictors and
dependent variables. Thereafter regression coaficestablished for validation of

results observed during perception survey dat@xh successive paras.
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4.12.1 Testing of Model

Table 4.62 summarises the results of model testing(0.697) andR*-
adjusted(0.677) of the regression modRl.represents the multiple correlation
coefficients between the observed and predictedegabf the dependent variables.
Larger values ofR indicate stronger relationships. Table 4.62 incenultiple
correlation coefficient square results are the saiitte high value oR (0.835).R? is
the proportion of variation in the dependent vdaalexplained by the regression
model. It helps determine the model fit of the daigain, a larger value oR?
(0.697) in the output shows that the model fits theta well. R* tends to
optimistically estimate how well the models fit. ¢ontrast R?-adjusted attempts to
correctR to reflect the goodness of fit of the model momsely in the traffic data.
However, models with too many variables are oftesr dit and difficult to interpret,

which is not true in our case because of only timdependent variables.

Table 4.62. Model Summary

Statistics R R? given Adjusted R?

Results 0.835 0.697 0.677

Predictors: (Constant), Maintenance Cost, Rainfédhicle
Dependent Variable: Number of Accident

4.12.2 Analysis of Variance With Accident Data

Table 4.63 presents the result variance analydiseoregression model. The
sum of squares, degrees of freedom, and mean sauearhsplayed for two sources
of variation, regression, and residual. The outputegression displays information

about the variation accounted for by the regressiodel. ‘Total’ represents the sum
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of the information for regression and residual. Adal with a large regression sum
of squares in comparison to the residual sum céuseguindicates that it accounts for
most of the variation in the dependent variablesry\igh residual sum of squares
indicate that the model fails to explain a highiaton in the dependent variables.
The results clearly indicate that regression sursqofares value is 17.632, which is
higher than the residual sum of squares of 7.68Rating that the model accounts

for most of variation in the dependent variables.

The mean square is the sum of squares dividedhdylégrees of freedom.
The F statistic is the regression mean square (MSRYdd/iby the residual mean
square (MSE).The regression mean square for degfdesedom is the numerator
of and the residual mean square for degrees odidirag which is the denominator
for F statistic. The total number of degrees of freed®the number of cases minus
1 (n — 1). If the significant value d¥ statistic is smaller than, say, 0.05, then the
independent variables effectively explain the #omin the dependent variable. If
the significant value of F is larger than, say 0.b&n the independent variables do
not effectively explain the variation in the depend variable. If the significant
results ofF value is smaller than 0.01,the independent vagbffectively explain
the variation in the dependent variable, whichls® aermed as highly significant or

significant at 1% level.

Table 4.63. Analysis of Variance (ANOVA) for Accidat Data

Sum of Degree of Mean F test | Significanc
Squares freedom (Df) Square e
Regression| 17.632 3 5.877 34.557 0.000
Residual 7.653 45 0.170
Total 25.285 48

Predictors: (Constant), Maintenance Cost, Rainfédhicle
Dependent Variable: Number of Accident
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The aforementioned results clearly indicate sigaifce off is (0.000) such
that the model fits well to the data, and indepabhdeariables also effectively

explain variation in dependent variables.

4.12.3 Model Coefficient

The coefficients of the estimated regression m@iesented in Table4.64
show that the number of vehicles has a posttvalue (+ 7.087) and a statistically
significant relationship with the number of accitkeriThis implies that increasing
number of vehicles cause more accidents. Anotherahla cost of maintenance
showing negativé-value (- 4.475) and statistically significant tedaship with the
number of accidents indicates that if the cost aimt@nance declines, the number of
accidents increases, which in turn indicates thdtighway maintenance is not
proper, more accidents occur because of pooragoadition and increasing number

of pot holes and cracks.

Table 4.64. Regression Result (Coefficient) with Aadent Data

Number of accident Coefficients t-value Significance
dependent variable
Regression Std.
coefficient (B) | error
(Constant) 1.795 0.602 2.979 0.005
Vehicle 0.038 0.005 7.087 0.000
Rainfall 0.004 0.001 1.164 0.050
Maintenance cost -.052 0.012 -4.475 0.000

The rainfall variable shows positivevalue (+1.164) relationship with

moderately significant data of the number of acaide The lower value of is
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because the study area in Rajasthan largely rerajirteroughout the years and even if

it rains, water remains on the road for a longeiodeand damages the highway.

The results of study areas show that the gradcheaéase in the number of
vehicles cause the accident and maintenance cd&ictoiate. Rainfall fluctuated
severely with some months showing almost nil afiomonths showing as high as
360 cm. The increase in the number of vehiclesteseahaos, traffic jam, and
difficulty in traffic management because of limitemhd length and lack in number
of traffic personnel and traffic sense among thaale drivers. The study results are
confident up to significance levels 0.000. The akle, cost of maintenance, shows
negative and statistically significant relationshapth the number of accidents
indicating that if the cost of maintenance reduties,number of accidents increases.
The study results are confident up to 100% forigance levels 0.000. The rainfall
variable shows positive relationship with accideimsdicating more rains and
resulting in more accidents. The results are megdmirup to significance level
0.050.This reflects the need of proper drainagg¢esyson the roads. However,
maintenance and traffic management showed statigtistronger results compared

to rainfall in the study area being in arid zone.

The engineer also elicited some of the challerigeg might face in future
such as the growing use of telecommunication ahératechnology, for example,

route guidance, infotainment, and cell phones males is distracting drivers.
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CHAPTER 5
CONCLUSIONS

The research was carried out by using a well-aesigquestionnaire with
statistical data analysis and validation. The netean highway drainage for
maintenance and safety is a case study on thecameecting highways of Jaipur
city. The features and variables were identifiedgerception survey. The statistical
analysis was carried out by using Kendall corretatioefficient and factor analysis.

Regression model study and analysis of varianceaywphbed for validating results.

The following are the conclusions drawn from resbar

1. The results on the basis perception survey and &kendrrelation analysis
among good and bad features for 95% to 99% sigmifie level are
represented in Table No. 4.47. It is concluded thatgood features proper
surface drainage, good riding surface, surface eamigular maintenance
and safety, proper traffic management, and highaast no failure are
significantly co-related in highway design system.

2. The Kendall correlation result among bad featuepresented in Table No.
4.48. 1t is concluded that bad features in presiEsign system highway
submergence, improper maintenance schedule, impropgéway safety,
improper drainage of highway curves, poor traffianagement, improper
drainage, irregular renewal are significantly ctated in highway design
system.

3. Further on the basis of perception data surveyyais results revealed that

74% of respondents perceive consideration of wdisggosal on pavement
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surface with curves and minimum retention time ¢oelssential features for
highway design system.

4, Data analysis of perception survey represent @80%e respondents favour
safety consideration to minimise accident, ribbenedlopment, and genuine
maintenance so these are considered essentiatdedir future alternate
highway design.

5. On the basis of accident severity analysis, gzdéty efforts were concluded
as being mandatory for minimising accidents on\wvays.

6. The results obtained through perception datdysisaindicate that proper
traffic management, highway safety, and highwagubmergence have an
important role in highway design. In addition, iraper drainage causing pot
holes, stagnant water on surface and construcedecis are factors cause by
poor maintenance of highways.

7. Stakeholder perception show that consideratiomaber disposal at highway
curve, drainage maintenance due to ribbon developrage important
factors to be considered in future highway develepinprojects.

8. The perception survey of highway drivers andraisevealed that lack of
traffic management, improper maintenance of higlsyvegnd absence of
drainage are essential factors.

9. Furthermore, according to the perception surtegh frequency of
maintenance, disposal of water near curves andamgdminimum water
retention time on highway surface and provisiowafer storage with harvesting

wells should be given significant consideratiohighway design systems.
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The results of factor analysis with signific&ngen value and positive factor

loading conclude that:

(i)

(ii)

(iii)

(iv)

Proper traffic management, good riding surfemeg proper drainage
system are the three most important ‘good featueziables for
highway design improvement.

Poor traffic management on highway, improper highvwaafety
schedule, and highway in submergence are ‘badrigatariables for
highway design.

Improper drainage with pot holes, stagnant watesunface, design
and construction defects are the important causesar maintenance
of highways.

The present highway design should be improved dturé drainage

situations, genuine maintenance and safety coragides.

The coefficients estimated using regressionahddta analysis of variance

with regression analysis conclude that:

(i)

(i)

Number of vehicles have a positive relatiopskvith number of
accidents, representing positivealue (+ 7.08) indicating increase in
the number of vehicles, which in turn leads to €mshighway
conditions and difficulty in traffic management dude limited
capacity road width and lack of number of traffiergonnel and
traffic sense among the vehicle drivers;

The variable, cost of maintenance, shows tiegaelationship with
number of accidents representing negativealue (—4.475). It

indicates that if highway maintenance is impropeore accidents
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occur as a result of increasing number of pot hates cracks. The
data analysis study concluded that with the nurolbbe@ehicles rising
gradually, accident and maintenance cost fluctudthe increase in
the number of vehicles creates chaos and trafiic ja

(i) The rainfall variable represents positivdat®nship and moderately
significant data of the number of accidents hapogrt-value, that
is, + 1.164. The study area of Rajasthan largelmares dry
throughout the years and even if it rains, watenaias on the road

for a longer period due to poor drainage and damsaugeds.

However, maintenance and traffic management shaiadstically stronger

results compared to rainfall in the study area.
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SCOPE FOR FUTURE STUDY

This study has can be further extended on theviiiig points:

The primary data may be validated using secondata ¢y considering
another highway location stretch.

The correlation between perception of stake holders be established to
optimise highway drainage for future research.

Highway design modification should be carried osifpar perception survey
and necessary impact may be assessed quantitatively

The highway officials elicited some challenges thaght face in future such
as the growing use of telecommunication and otbenrtology, for example,
route guidance, infotainment, and cell phones imicles, which are
distracting and needs to be studies further.

The transportation variables including distancedliad, which is defined as
the number of trips in transportation, road envinent, number of motorised
vehicles, and traffic may be considered as rebeactors in future studies.
The analysis of discussion with highway officialsggest that proper
designing of roads for improving road safety (Satengineering) and future
systematic research are required to implement dlagl safety programme
successfully.

A comprehensive future quantitative research shbeldonducted on factors
that cause accidents and deaths such as humas, eregiect in driving or
irrational driver behaviour, infrastructure problemadequate roads resulting
in high concentration, road width and state of #thens, median.

The maintenance cost with proper implementationn,plaroper traffic
management, and awareness of road users are requifeture systematic

research to obtain quantified data of safety.
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Annexure -1

(@) Questionnaire 1: Highway Maintenance and Safety
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Questionnaire 2: Drainage, Maintenance and Safety

Questionnaire No. 2

(Perception for PhD research work on highway dranage for

maintenance and safety)

a | Name and Telephone No. of respondent :-
b | Place of Interview
Category of Respondent
(i) | Highway Engineer (i) Highway Officials
(iv) | Traffic Police (v) Any Other
1 | Is Present Highway design is OK reply in Yes or No
a | If'Yes' what are the good features of present Higiway road design
i Proper drainage of water
il | Good Riding surface
iii | Highway crust no sign of failure
iv | Proper Traffic management lane wise
v | Regular maintenance and safety schedule followed
vi | Any other reason
b | If 'No' what are bad features in present Highwayroad design
i | Highway in submergence
il | maintenance schedule is improper
iii | Highway safety schedule is not proper
iv | Drainage of high median and curves is not proper
v | Poor traffic management on highway
vi | Any other reason
2 | Reasons of poor condition of maintenance on higlay
i Drainage is not proper, in hence to develop |pot
holes/Patches
il | Surface camber allow stagnant water on pavement
il |Regular Renewal is not being applied
iv | Design/construction defects appearance on highway
surface
v | Any other reason
3 | Opinion about present Highway drainage system

Is drainage system proper...... narrate.......
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Yes 1or No2

b | If 'yes' three main characteristics

i | Proper disposal of water

ii | Disposal of water at curves and medians

iii | Embankment height above G. L.

c | If 'NO' narrate main problems

i Improper maintenance

il | Choking of drains

iii | Embankment in submergence

iv | Ribbon development along highway

v | As per highway geometrics disposal of water |not
proper

d | Provide three main suggestions to improve probleron highway traffic

i Minimum retention time to drainage high water
surface

ii | Disposalof drainage water at curves and medi
may be utilised for Tree plantation

iii | Consideration ribbon development

Maintenance strategy of Highway

Highway maintenance approx. cost per Km

Type of routine maintenance month

4
a
b | Frequency years of maintenance
c
5

Please give your suggestion for present highway rdadesign or provide
alternate design for improvement safety and mainteance

i | Consideration ribbon development

il | Consideration of water disposal at Highway curv

(1%}

iii | Miscellaneous utilisation of Highway drainage
water

iv | Safety consideration to minimize accident

v | Genuine maintenance required

6 | Please tell your opinion about present highway draiage maintenance
and safety entering/emerging Jaipur City
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