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Abstract: In the last 4 to 5 decades, roads were constructed/ improved at a large scale; hence road length has
rapidly increased to a larger extent in India. This paper will provide a systematic way of finding the drainage status
of existing roads, the need for proper drainage of the road water, and groundwater recharge to raise the existing
water table by the way of road rainwater harvesting. For an investigation, the field data of camber of pavements,
shoulders side-slope, embankment slope, and status of open/built-up gutters on both sides of the road was collected.
This quantitative data is collected for the 10 km road length of Mumbai-Goa NH-66. This study site is a typical
representation of the condition of road drainage in India and most of the parts of the world. However, their nature
and magnitude will change depending upon local meteorological conditions, geographical and geological
parameters, the standard of road, traffic volume, etc. Results/findings worked out under this study are effective and
highlighted the concentration towards the need for road water harvesting. It will also resolve the problem of
drinking and agricultural water to a certain extent. Building/terrace rainwater harvesting is popular all over the
world. However, the road rainwater harvesting concept is yet not common in India and all over the world also.
Hence, a decision policy of government road organizations in each nation is essential for the implementation of this
scheme. It will not only increase the life of road but also play important role in the sustainable development in that
area/region. Figure-1shows the graphical abstract of the current study.
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Figure 1: Graphical Abstract of Current Study
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I. Introduction
Water is a fundamental natural resource for a vast range of uses beside ecosystem, and biodiversity including
domestic, agricultural, industrial, and recreational uses. Road infrastructures have a major impact on the landscapes
immediately surrounding them. It determines the movement of water, sediment, and dust, among other things.
Rainwater Harvesting (RWH) is a process of collecting water from raindrops, giving treatment and its storage. It has
been the basic source of water origin for different uses for many years, before using systems of water conveyance.
Many cities, towns and villages are trying to adopt developed, updated water infrastructure concepts like waterway
city, water cycle city, and water sensitive city, to solve the water crisis.
Improper surface and subsurface drainage results in the formation of different types of distresses on road pavement
surface and subsurface. Water stagnation on the road surface and along the road has always been a major problem.
The stagnant water degrades the surface/subsurface of the road resulting in the formation of potholes and wears off
the road surface. The major source of stagnant water is an improper camber/slope provided to the road. Moreover,
due to heavy rains, the water is left on the surface of the road which damages the pavement. Most of the road water
runoff goes to waste and is of no use. The value of water is important especially in the area where the average
annual rainfall is below 1000 mm.
Drinking water is scarce, especially in the summer season. Hence recharge of groundwater by proper road drainage
and harvesting this water by developing some technique/ model will help to some extent to resolve this issue. Such
practice is yet not common and developed in India and other nations as well. If road water drains properly it will help
for smooth traffic flow, minimize the road structure failure, avoid delay in travel time, decrease the expenditure on
maintenance cost of road, decrease in vehicle maintenance cost, increased life of the road, and reduce the possibility
of accidents.

Il. Material and Methods
Related Work: It is necessary to maintain a road free of any surface damages /potholes. Good customer service is
an important key objective of road maintenance. Therefore, quick drainage of the road surface and subsurface water
is essential. When the term road drainage links to rainwater harvesting it will become a wider concept, on this topic.
Under this topic, books mentioned in references are studied, Codes, Guidance Notes, Specifications, National and

International Technical Journals, Special Publications (SP) of Indian Roads Congress (IRC), findings of National
and International Seminars/Conferences, Technical Circulars issued by Highway/Road Authorities, Research works
carried out by research Institutes, Scientists and Engineers. On this vast topic- 'road drainage, rainwater harvesting,
groundwater recharge, and water conservation, following available work play the role of base for new research
work:

Prithvi Singh Kandhal and Sapan Mishra (2014) extended their study on porous asphalt pavements. It can be used
for a parking lot or low-trafficked roads/streets. Water percolates slowly into the underlying soil. It is collected
through side gutters for rainwater harvesting. The study of Abhay Dixit (2015) concentrates on providing an
effective way to collect this stagnant water on the road and to modernize the conventional system of drainage. Erna

Ismiyani et al (2018) concentrated their study on drainage & maintenance of the road. Well-drained roads are always
subjected to lower maintenance. As the stagnated and undrained water weaken the pavement, one should provide a
proper drainage system to increase the life of the roadway at the stage of construction itself. This result was later
elaborated by D. Iskandar et al (2019 ) by stating that weakening of road may be due to the standing huge amount of
water in unstable areas, settling pavement layers, widening the cracks, or deepening potholes. It is further concluded
that roads with bad drainage facilities require more maintenance comparatively. It’s better to invest onetime initial
cost for drainage work than paying repairing charges multiple times.

IRC: SP: 50- 2013 specifically guide for designing the urban drainage work. This special code will consider many
parameters while talking about urbanized areas i.e., urban infrastructure, available reduced area for rainwater
infiltration due to concreting, a load of the multiplied population on the available drainage system, new
transportation infrastructures, etc. IRC: SP: 42- 2014 provides the guidelines for providing drainage systems in the
construction of roadways. These codes were prepared by expert engineers and researchers to facilitate proper
drainage in highway construction.

George Kollaros and Antonia Athanasopoulou (2017) highlighted the importance of the Influence of drainage on
flexible road pavement design in their research paper. It explains the yield of collected rainwater depends on the
drainage characteristics of the pavement structure. As layer thickness plays a major role in pavement draining
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process analysis and computation carried out around the same. Different drainage coefficients assign to different
pavement thicknesses empirically. These coefficients indirectly symbolize the drainage nature of a particular
pavement case. The study also considered the climatic factor, nature of traffic in addition to characteristics of
pavement material and its thickness. The more will be the layer thickness less will be the water drainage. Nowadays
empirically based designs are used for whole the nation. It may require modifications based on regional experience
and a better assessment of the drainage conditions prevailing in each area crossed by a roadway project. Because
design considerations are changes, the necessity for a shift towards more sophisticated design methods is considered
obligatory.

The effect of poor drainage causes the failure of the road in different ways. The correct road drainage system
increases road life. However, an improper drainage system leads to the failure of the road at an early age. Therefore,
appropriate design, construction, and maintenance practices must be adopted to maintain road drainage. It is studied
that as the rainfall intensity increases, the water depth increases, and this explains the height water level or water
depth during floods in Jordanian roads, and this will increase if the street has a bad drainage system as found by
inspection of roads widely studied by Mohammad Awwad (2021). Alireza Fathollahi and Stephen J. (2021)
concentrated their research on the first comprehensive life cycle assessment of the most common drainage systems.
Life cycle costing and uncertainty analysis was carried out for these selected drainage systems. The results of this
study highlighted the important factors influencing the environmental impacts and life cycle cost of the drainage
systems.

Nasyiin Fagih and Wiji Lestarini (2020) have contributed to a redesign of the road drainage system in Indonesia. It
consists of cost factors and durability of drainage work depends on the building material, its transportation, the
method adopted to construct civil works, and their maintenance. Work is done on multiple drainage systems which
covers almost all types of such systems. The result of work helps one to provide guidelines for designing economical
and durable drainage work. Also, it provides a checklist of various influencing factors and eases to select the most
suitable practices according to the demanding situation. Further research carried out by M. Damayanti et al 2020 in
Indonesia contributed to flooding control by the way of road drainage. The study by Mythili et al 2020 has
contributed to an Experimental Approach for the Kerbside Rainwater Collection. Road geometry i.e., kerb,
longitudinal slope, gutter depth, formation width, etc., and surface features affect the draining of rainwater. These
geometrical parameters depend on the available rainfall and flood data of a particular locality. Well-designed
pavement structures facilitate good drainage and ultimately lower the maintenance cost and longer the durability
span. Rainfall, drainage system, and flood are interconnected parameters. If one will consider data on rainfall
characteristics and design proper drainage work in the future, it will take care of the flood situation.

Andung Yunianta et al 2020 developed an experimental model for the sustainable road drainage system. Further
research carried out by Andung Yunianta et al 2021 has succeeded in the development of the application of the
Sustainable Road Drainage System by Simulation program. Saurabh Khode et al 2020 and Johannes Wolfgang
Neupert et al 2021 worked on a sustainable road drainage system. It will conserve the environment by harvesting
rainwater, reducing soil erosion, and protecting road structures. Treatment of stormwater and its testing will help to
improve the serviceability of collected discharge from roadside drainage. The use of such water for commercial
purposes, flushing toilets, gardening will reduce the water demand load of local bodies.

In the concept of rainwater harvesting from roads, water is conveyed away from the roadway, and this collected
water is used to recharge the groundwater table in various ways. Such water conservation will gift productive land
and increase the agricultural yield of people in the vicinity. A good drainage facility checks the ponding of rainwater
on the road surface and drains off the discharge quickly. Accumulated runoff may lead to erosion of road surface.
Poor design of drainage system may result in waterlogging and flooding action which will further turn into the
functional and structural failures of the roadway. This study conducted by Jonathan Demenge et al 2015 has its
importance and major role in the potential effects of combined roads and water harvesting infrastructure on
livelihoods and poverty in Ethiopia.

The study carried out in the semi-arid region of Tigrai, Ethiopia by Kebede Manjur Gebru et al 2020 concentrated
on both household and plot-level data to investigate the factors influencing roadside farmers’ decisions to adopt
Rainwater Harvesting (RWH) practices and their impacts on input use, yield, and farm income. Binary probit
regression and Propensity Score Matching were used to analyze the data. Public policy can affect the promotion of
RWH in drylands. The study suggests that RWH has positive and significant impacts on input uses (farmyard
manure and fertilizer), crop yield, and farm income among the sample households. In the study by Abdullah A. Al-
Maswari et al 2020, it is found that generally, the available drainage facility on roads is designed to drain out runoff
from the roadway and to safeguard the pavement structure. One can think a step ahead and utilize such collected
rainwater to nearby farms. This diverted water can use to recharge roadside wells or can allow percolating in the
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ground. It will be better to take into consideration this design objective at a stage of the design itself. Some extra
investment in addition to drainage work will fruits effectively in water harvesting and soil conservation.

Itis learned that as per the present literature survey, some of the research papers and studies concluded about the
causes of improper road drainage and some solutions for them. Very few researchers concentrated on the need for
road water harvesting and worked for the betterment of roads and people. However, there is a need for further
remarkable and effective work in harvesting the road water for better road drainage and groundwater recharge. We
observe many road surfaces distresses within one to three years of their construction or improvement only because
of improper road drainage systems.

Therefore, research in the evaluation and analysis of road drainage and proper harvesting of road water for
increasing the groundwater table by the way of groundwater recharge is essential. This will lead to the perfect
solution for road surface damages as well as resolve the drinking or agriculture water problem to some extent. With
this gap of study, the following objective is set for present research work: Analysis of road drainage data and
prepare a model to harvest the road water to raise the water table nearby.

Study Area: To know the exact type & magnitude of the road drainage problem, the road stretch of Mumbai- Goa
National Highway No0.66 is selected. Figure-2 shows the location of the selected road stretch. Approximate Year of
Construction - 1960(1 Lane), 1985 (2 Lane), Rehabilitation to 2 Lane (1995), Rehabilitation to 4 lane - work in
progress (2020-21) Kms 251/000 to 261/000 in Sangmeshvar Taluga of Ratnagiri District in Konkan Region of
Maharashtra State.

' g““"“a' iohway 66 Key Features of Study Area:
© /‘/ Geographical location:
o 8 T Latitude - 17.2468 N to 17.1699N,
4 9 Longitude-73.5534 E to 73.5339 E
ke Type of soil - Mostly murram and mix with
sekhani Kh rant-a | small boulders
i \ Annual Average Rainfall - 3210 mm.
) Period of Data Collection - 15.05.2020 to
'/ ke 28.05.2020
I Type of Pavement — Flexible (Bituminous)
Ambedu K \‘\ Formation width -12m

\ Carriageway width - 7m
Sogparnesing Type of treatment - WBM-30 cm, BM-50mm,
//(n BC/OGC- 25mm

y ol Traffic intensity - 12500 PCU

V o
Sangameshwar Bus Stand O

Figure 2: Location Map of Road under Study

Methodology: The various phases of the research methodology and techniques to be used are enumerated as
follows. Figure-3 shows the flow diagram of the methodology.

Phase I:  There would be an extensive literature survey.

Phase Il: Survey / Investigation of selected road stretch and Collection of data on road drainage

Phase IlI: Interpretation and analysis of data, cause, and effect analysis, etc.

Phase 1V: Developing Road rainwater harvesting model

Phase V: Results/Findings/Discussion/Conclusion
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Figure-3: Flow Diagram of the Methodology

Forensic Investigation of selected road stretch: Rajib B. Mallick and Tahar El-Korchi (2017) highlighted the
approach of forensic investigation to properly study the selected road stretch. It is decided to do the forensic
investigation of the selected road stretch in the following ways.

v" Data Collection — To know the type & magnitude of road drainage

v Interview — Interview with people familiar with the road, interview of related workers

v" Nondestructive Evaluation — Visual Inspection, Detailed Condition Survey, site visit, etc.

v Determination of root cause(s) — Data analysis to know likely failure cause.

Data Collection: Realistic and accurate collection of data aims for systematic and proper research. A team of
experienced and trained engineers & field staff working on-site were selected for this work. Special technical training
sessions were conducted for this staff before starting the data collection. A data collection sheet (Table-1) was
prepared to gather the data. Data had been collected on the proposed site in May-2020. The data collection team
worked in three groups to work with coordination. This collected data is the quantitative type and recorded by working
furlong wise. (i.e., taking observation for each 200-meter interval). After surveying, the team also interacted with local
people to get some more qualitative information about the performance of the road drainage system. As per the above
data collection sheet, measurements are taken on-site for pavement camber (slope), shoulder slope, embankment slope
& functioning of roadside open gutters. Table-1 shows the abstract of the collected data. However, the results of any
kind of study always depend upon accuracy and correctness in data.

Table 1: Data Sheet for Pavement/Shoulder Camber, Embankment Slope & Roadside Gutters

BT camber Side Shoulder

S No. Km % Camber % Embankment Slope Gutters
LHS RHS LHS RHS LHS RHS LHS RHS LHS RHS
1 2 3 4 5 6 7 8 9 10 11
1 251.000 251.200 0.97 2.00 1.60 2.40 1in2.50 1in2.20 - Yes
2 251.200 251.400 3.10 3.20 3.20 3.00 1in2.25 1in 1.50 - Yes
3 251.400 251.600 342 171 2.40 1.50 1in1.50 1in2.50 Yes Yes
4 251.600 251.800 3.00 3.20 3.10 1.50 1in2.20 1in1.75 - Yes
5 251.800 252.000 3.20 2.85 1.60 2.10 1in2.50 1in1.50 - Yes
6 252.000 252.200 3.10 3.10 2.40 1.50 1in2.50 1in2.50 Yes -
7 252.200 252.400 2.00 4.29 3.20 2.20 1in2.50 1in 1.50 Yes Yes
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8 252.400 252.600 257 3.14 2.10 1.50 1in2.20 1in2.50 - -
9 252.600 252.800 2.85 2.00 2.40 1.50 1in2.00 1in2.50 - Yes
10 252.800 253.000 171 2.90 2.15 2.20 1in2.50 1in1.70 Yes - Yes
11 253.000 253.200 3.20 3.00 1.60 1.50 1in1.50 1in2.50 Yes -
12 253.200 253.400 171 2.57 3.10 270 1in2.50 1in2.20 Yes -
13 253.400 253.600 3.14 2.00 175 3.10 1in2.50 1in1.50 - -
14 253.600 253.800 2.29 371 2.20 2.40 1in1.50 1in1.75 Yes Yes
15 253.800 254.000 3.14 3.20 150 1.60 1in2.50 1in2.00 - -
16 254.000 254.200 3.00 3.10 3.10 1.50 1in1.50 1in1.50 Yes -
17 254.200 254.400 257 114 3.20 3.00 1in1.50 1in1.75 Yes Yes
18 254.400 254.600 1.85 3.14 1.60 1.70 1in2.50 1in1.50 - -
19 254.600 254.800 3.86 171 2.25 2.50 1in2.20 1in2.50 Yes -
20 254.800 255.000 2.00 3.14 175 3.20 1in2.50 1in1.50 - -
21 255.000 255.200 2,57 2.00 3.20 1.60 1in 150 1in2.50 Yes Yes
22 255.200 255.400 3.00 2.57 4.40 2.40 1in2.00 1in 150 - Yes
23 255.400 255.600 3.05 2.14 3.00 3.60 1in2.50 1in 150 Yes Yes
24 255.600 255.800 2.00 3.14 3.20 1.70 1in2.20 1in2.50 - Yes
25 255.800 256.000 171 0.97 2.25 1.60 1in1.50 1in1.50 - Yes
26 256.000 256.200 3.42 2.29 4.00 370 1in2.50 1in2.50 - -
27 256.200 256.400 1.14 2.29 3.20 2.25 1in 150 1in2.50 Yes Yes
28 256.400 256.600 171 2,57 2,50 3.10 1in1.70 1in25 - Yes
29 256.600 256.800 3.14 157 3.15 2.70 1in1.70 1in2.20 - -
30 256.800 257.000 155 2.57 275 3.10 1in2.00 1in2.50 Yes Yes
31 257.000 257.200 3.00 3.00 175 1.80 1in1.50 1in2.00 - -
32 257.200 257.400 257 3.10 170 2.25 1in2.50 1in2.50 Yes Yes
33 257.400 257.600 3.10 171 1.60 3.20 1in2.50 1in2.50 Yes -
34 257.600 257.800 257 3.14 4.40 2.40 1in1.70 1in 150 - -
35 257.800 258.000 2.14 1.14 3.00 3.60 1in2.00 1in2.50 - Yes
36 258.000 258.200 2.90 3.10 2.10 1.60 1in2.40 1in2.50 - Yes
37 258.200 258.400 171 2.14 2.40 1.50 1in2.50 1in2.50 Yes Yes
38 258.400 258.600 2.29 3.14 1.60 2.10 1in2.50 1in2.40 - Yes
39 258.600 258.800 2.00 371 3.20 1.60 1in 150 1in1.70 Yes -
40 258.800 259.000 151 2.00 4.40 2.40 1in2.50 1in1.70 - Yes
4 259.000 259.200 4.00 3.42 3.00 3.60 1in2.20 1in2.50 - Yes
42 259.200 259.400 257 3.14 3.10 1.50 1in2.00 1in2.50 Yes -
43 259.400 259.600 3.42 2.12 2.40 3.00 1in2.50 1in2.00 - Yes
44 259.600 259.800 2.29 3.14 2.10 1.70 1in2.50 1in2.50 Yes Yes
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Data Analysis: The data collection system and data sheets were prepared. Site inspection and interaction with
residents gave us an idea about the magnitude, their nature, and the overall performance of the road drainage under
study. This kind of qualitative information also supported this research. Many researchers worked on asphalt pavement
failure due to improper road drainage and their solutions. This paper emphasizes realistic observation and data
collection at the grass-root level in the form of a forensic investigation by conducting non-destructive tests. A
conventional method is adopted for analysing the collected data.

There are mainly four parameters for the analysis of road drainage data. IRC: SP:73-2018 specified these parameters
and their acceptable values/standards.

a)
b)
c)
d)

Camber to bituminous road pavement - 1 in 40 - 2.5 percent
Slope to side shoulders - 3 percent
Embankment Slope - Varies with type of embankment material

Open/Built-up gutters - In the full length of road with specified sizes

Data was collected for these four parameters of road drainage. This data is analysed, and Table -2 shows the
parameter-wise details and their acceptance as per the standard.

Table - 2: Road Drainage Parameters

Total Length

Length as per IRC

Length not as

% Length not as per

Parameter in meters Requirement Rez(ijl} rlfni:nt IRC Requirement
2 3 4 5 6
Camber to BT Surface (2.5 percent) 10000 6200 3800 38
Camber to Side Shoulders (3 percent) 10000 3500 6500 65
Roadside Open Gutters 20000 10800 9200 46

Figure-4 shows parameter-wise Clustered Bar charts showing total road length understudy, length meets the IRC

requirement and length does not meet the IRC requirements.
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Comparison of Road Drainage Parameters

9200
Road Side Open Gutters 10800
20000
Camber to Side Shoulders (3 #
percent) === —
13800
Camber to BT Surface (2.5 percent) 6200
10000
0 5000 10000 15000 20000 25000

m Length not as per IRC Requirement
Length as per IRC Requirement
m Total Length in meters

Figure-4: Clustered Bar Chart showing the Parameter wise Comparison of Road Drainage

Pre preparation for Effective Road Rainwater Harvesting: First important objective of road water harvesting is
proper and perfect drainage of road water to avoid all kinds of damages and failure to road pavement, side shoulders,
embankment slope, and roadside gutters. Then the second objective is road water harvesting for groundwater recharge.
To make this objective effective and perfect, some pre preparations are needed. Road pavement/side shoulder camber
for concrete/bituminous pavement shall be as per IRC or international standards. The pavement should be watertight,
and water should not percolate into the subsurface through it. As far as possible side shoulder should be hard or if
made from available soil/murum, it must have been compacted to achieve the standard proctor density. No or minimum
water shall percolate through it. Then drained off water comes on embankment slope. Most of the roads in India till
village approaches are already constructed. Hence to make proper draining off the road water, these slopes of the
embankment to be repaired/turfed for minimum infiltration of rainwater. Depending upon the topography/vertical
gradient of the road, roadside gutters should have perfect dimensions as per the standards to accommodate the drained-
off water. A gradient of roadside gutter shall be perfect for easy and free flow of water. Water should not be
accumulated anywhere in the roadside gutter, and it shall easily reach pre decided pits of rainwater harvesting.
Maximum water up to 90 percent must be collected for proper groundwater recharge for raising the water level of
existing water bodies. Initially study the terrain, its geographical & geological parameters. If terrain soil and rock are
permeable, then conditions are favorable for groundwater recharge. We can implement different methods & techniques
of groundwater recharge

Road Rainwater Harvesting Model: Depending upon the rainfall, water draining off from surface, subsurface, and
embankment of road shall be properly collected through roadside open gutters. Topography and catchment area
plays important role in deciding the road water collection pits. The study of vertical gradient of road and location of
existing nalla/river is essential to develop the road water harvesting model/methodology. Depending upon rainfall
and quantity of drained water, locations for collection of this water are to be decided. Following two methodologies
/models / techniques can be used for the collection of road water from the pavement, side shoulders, embankment
slope, and roadside gutters. Figure-5 shows these proposed techniques of road rainwater harvesting model.

a) Road water harvesting pits on both the side of a road in staggered pattern i.e., at 1 to 2 km center to center to be
located depending upon the above-mentioned factors as per site condition. Regular rainwater collection circular
pit of 3 to 4m diameter or 3mx4m in rectangular pattern and 4 to 7 m depth shall be prepared. While preparing
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this pit, all specifications of rainwater harvesting shall be applied. These pits will help in groundwater recharge
& raising water levels of nearby wells, boreholes and other water bodies may increase or maintain it for longer
periods.

b) Another method that can be used is collecting this drained-off water from roadside gutters directly into the well
or nearby water bodies by digging open/closed drains to these locations. Coordination with local people/farmers
is needed in this methodology. By the way of awareness among the people regarding scarcity of water during the
summer season is to be highlighted.

PROPOSED
PIT-3.0x4.0x4.0m

1TO 2KM - STAGGERED
= — & e
— — —
— s —— . == —— == e
o3 r——— r—— .
PROPOSED PLAN
PIT-3.0x4.0x4.0m OPTION-A
OPTION-A OPTION-B
PROPOSED RAIN WATER PROPOSED RAIN WATER
HARVESTING PIT-3.0x4.0x4.0m z 1Al TING IN WELL/TUBE WELL
% conmaben &
il | i
I —
RECHARGE PIT pZ EpAnRET N\ WELLTUBE WELL
k&l }
waw 4 omw
TYPICAL CROSS SECTION
WELLU/TUBE WELL
4.0t0 6.0m
=t il — — — -—
e ] - —
— e — — = === — — —
T - o -— o -— |
1 TO 2KM - STAGGERED
WELL/TUBE WELL
4.0t0 6.0m PLAN

OPTION-B

Figure-5: Proposed Techniques of Road Rainwater Harvesting Model

These kinds of small efforts and starting this mission from Maharashtra to solve the problem of drinking water in the
summer season especially in Marathwada, Western & Northern Maharashtra. The many States in India and African
countries/similar parts in the rest of the world are facing a similar problem of scarcity of drinking water in the summer
season.

I11. Results/Findings
This research broadly has the following results/findings:

a) Among the four main parameters of road drainage, all the parameters have shown their presence below the
specified international standards/ Indian Road Congress standards (Refer Table- 1).

b) Improper bituminous pavement camber in 3.8 km length (38 %) out of 10 km length mainly leads to pavement
failure by the way of different distresses (Refer Table- 2 & Figure-4).

c) Improper side shoulder camber/slope in 6.5 km length (65 %) out of 10 km length mainly lead to pavement failure
at the edge, accumulation of water at the edge also resulted in subgrade & formation failure at these locations
(Refer Table- 2 & Figure-4).

d) Improper embankment slope & absence of open gutter in 4.6 Kms length (46 %) out of 10 Kms length understudy
mainly lead to hurdle in drainage of surface & subsurface water (Refer Table- 2 & Figure-4).

e) Less or more than 60% of total pavement failures are due to not being drained off the road water. It resulted in
higher maintenance & road rehabilitation/improvement costs.

f) Considering sample results of all the above drainage parameters, it concentrates on the need for road water
harvesting with proper model/simulation implementation on the site.
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g) Road rainwater harvesting model is developed and two techniques are suggested for collection of road water for
efficient drainage and ground-water recharge.

IV. Discussion

Nowadays water harvesting is a very important topic in sustainable development. It conserves water, soil, and
ultimately the environment. Available research work and practicing methods are mainly concentrated on building
terrace rainwater harvestings. Different government schemes rule regulations, public awareness programs played a
very important role in the success of this eco-friendly program all over the world. To utilize this concept more
effectively we can extend the idea from building terrace rainwater collection to the collection from road pavements.
As the surface area of roadways is readily available and far more than building terrace area, comparatively it will be
a good investment to promote rainwater harvesting practice for roadways along with conventional building terrace
rainwater collection.

After summarising the results and findings as above, it is learned that effective road drainage is essential for the long
life of the road, and it can be achieved by harvesting the road water during the monsoon. A pavement failure study of
this stretch was also undertaking to know the type and magnitude of pavement distresses. Out of known 17 distresses,
13 distresses are observed on this road. It is found that fatigue; patches, rutting, longitudinal cracks, and shoving
contribute about 90% of total distresses. These distresses have close relation with road drainage. The road under study
falls under a heavy rainfall area (Average annual rainfall- 3210 mm). The findings of this research are applicable for
the roads in India and for the location in the world where the conditions are similar. In this topic also to improve the
quality of road pavements and to minimize the defects/surface damages at an early age, it is important to focus on the
root causes of improper road drainage.

Detailed study, analysis, experiments, models, simulation, etc. needed to find the suitable method of road water
harvesting depending upon the local site and meteorological/geographical/geological conditions. There is a vast scope
to research aspirants to work on this sustainable development topic. Government organizations should take positive
steps for the implementation of this new concept of road water harvesting. While framing the estimates of
rehabilitation/improvement of roads, the policy decision of considering the cost of road water harvesting must be
taken. It will not cost more than 5 percent of the total project cost. It is also widely accepted in the world that conditions
of roads in any nation replicate their development status. The study, investigation, and analysis of the surface and
subsurface drainage of the road are also important. Comparative study of drainage parameters and their relationship
with pavement failure will be an interesting topic for researchers for further study.

V. Conclusion
Transportation is one of the prime needs of people. Most of the communication is by a roadway that handles the
highest contribution as compared to railway, airway, and waterway. Therefore, it is important to construct, improve,
and systematically maintain a highway with optimum cost.

a) Research in the investigation and analysis of road drainage of bituminous/concrete road pavement is of utmost
importance as it contributes about 50 to 60 percent of pavement failures in which will lead to the perfect solution
for road surface damages was the main aim of this research. This study will help towards making the
bituminous/concrete pavement roads permanently free of surface damages.

b) As per the planned research methodology, the complete work is performed smoothly, accurately by studying the
field observations very carefully. Road drainage of the case under study gave a clear idea about the existing
drainage pattern. Drainage parameters are not functioning/or provided as per the international standards. It has
shown lacuna in either original construction or maintenance. A detailed study is conducted under pavement
distresses separately. Pavement failure & road drainage have specific relations between them. If road drainage is
perfect, there are fewer chances or no pavement distresses.
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Results from the above research are eye-opening for highway engineers. It indicated the concentration of the
researcher to emphasize proper road drainage & harvest that water for ground-water recharge. It will help to
resolve the drinking water problem in low rainfall areas to some extent. There is wide scope for
researchers/government authorities to work further in preparing rainwater harvesting schemes/modules and their
simulations.

It is concluded that rainwater harvesting is a tool for efficient road drainage and ground-water recharge to raise
the water table. If the road surface became dry within five minutes after stopping the rain is called effectively
draining roads. Such roads not only harvest rainwater but also will lead to better riding quality, saving in travel
time, saving in vehicle maintenance cost to road users, reduced maintenance cost, increased life of the road, etc.
This study directs the researcher to further concentrate on finding the exact relationship between road drainage
and pavement failure.
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