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A B S T R A C T 

Moisture damage, a loss in modulus, and a loss of strength can result from 

water in the pavement system. In prior drainage design standards, the saturated 

flow assumption was used to calculate the drainage of pavement layers and the 

flow of water through pavements. Previously, state agencies concentrated their 

efforts on limiting the negative effects of water on pavements by either 

preventing water from entering the pavement, providing adequate drainage to 

quickly remove it, or building the pavement strong enough to withstand the 

combined effect of vehicle loads and water. 
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1. INTRODUCTION 
 

That much is common knowledge one of the primary 

causes of early pavement failure is water in pavement 

systems. India's road network is one of the longest in 

the world, stretching over 3.3 million km. The 

majority of the roads constructed in our nation have 

drainage systems that are exceedingly slow, partly as 

a result of standard design practices that place more 

emphasis on density and stability than subsurface 

drainage. These roads' inadequate subsurface 

drainage causes a significant number of expensive 

repairs or replacements well before they reach the 

end of their intended lifespan. A crucial component 

of the design of pavement systems is subsurface 

drainage. Unreasonable absence of this component 

will unavoidably result in the early failure of 

pavement systems and significant lifespan costs. If 

precautions are not taken, a high water content in the 

base, sub-base, and sub-grade soils of the pavement 

can induce early distress and ultimately result in 

structural or functional collapse of the pavement. 

Any one or more of the following types of 

deterioration could result from water damage: 

Reduced sub-grade and base/sub-base strength, 

differential swelling in expansive sub-grade soils, 
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asphalt peeling on flexible pavements, the addition of 

tiny particles into base or sub-base course materials, 

which significantly lowers hydraulic conductivity. 

The amount, the water that seeps through the 

pavement can be decreased by effective surface 

drainage, which is a tactic that complements proper 

subsurface drainage. Additionally, water will arrive 

through groundwater sources and ditch backups. 

Drainage minimises the detrimental impacts of load 

and environment by preventing the accumulation of 

free water in the pavement area. Studies based on 

documented case histories have indicated that by 

installing and maintaining sufficient subsurface 

drainage systems, pavement longevity can be 

increased by up to three times.  

 

(i) Highway Drainage System- The following 

categories can be used to categories highway 

drainage: 

a) Drainage on the surface  

b) Drainage below the surface  

c) Cross Drainage  

d) Works Disposal of water of acceptable 

quality 

 

(a) Surface drainage- Surface drainage is the 

process of diverting and removing surface water from 

a road and the surrounding area. The surface water 

must be collected and disposed of. The water is first 

gathered in side drains, typically in longitudinal 

drains, before being released at the closest stream, 

valley, or water channel. Taking out surface water 

from the roadside drains may necessitate the use of 

cross drainage structures like culverts and minor 

bridges. Surface drainage refers to plans for quickly 

and efficiently directing water away from surfaces 

like the adjacent land, the pavements, the shoulders, 

the embankment and cut slopes. The structures, 

slopes, shoulders, and shoulders of the pavement, as 

well as any other part of the roadway, must all be 

allowed to function properly without interference 

water is directed to either natural or constructed 

water-channels (AASHTO 86; Carpenter, 1990; 

Agarwal et al., 2014; Mahalakshmi et al., 2021; 

Kumar et al., 2017). 

 

(b) Subsurface drainage- The removal or diversion 

of surplus soil-water from the subgrade is known as 

subsurface drainage. The moisture content of the sub-

grade is affected by changes in the seepage flow of 

the ground water table, rainwater percolation, 

capillary water movement, and even the movement of 

water vapour. When sub-surface draining a road, it is 

tried to keep the variation of moisture in the sub-

grade soil to a minimum. According to studies by G. 

Shailendra, (Shailendra & Veeraragavan, 2010), a 

pavement system's design must include subsurface 

drainage as a crucial component. By using a well-

designed subsurface drainage system, it is possible to 

ensure the best performance of a pavement system 

(Cedergren, 1988; Bhagyalakshmi et al., 2020; 

Adlinge & Gupta, 2013). 

 

(c) Cross Drainage Works- There must be cross 

drainage works where a roadway crosses a river or a 

stream. On occasion, water from side drains is also 

redirected away from the road using cross drains. In 

general, culverts and bridges are utilised on highways 

as a 6 meter-long cross water path. This type of 

drainage structure is referred to as a culvert. The 

construction is referred to as a bridge because of its 

greater linear path and higher discharge (Yoder, & 

Witczak, 1975; Vaibhavi et al., 2017). 

 

(d) Disposal of water of acceptable quality- The 

detrimental effects of development activity need to be 

lessened in the current situation of growing 

urbanisation. For the benefit of storm water control 

and pollutant removal capabilities, urban storm water 

management practices must be used. When disposing 

of storm water, appropriate requirements for water 

quality must be followed. In general, high pollutant 

removal is required for non-soluble contaminants 

such suspended sediments in urban storm water 

management practices. Continuously disposing of 

polluted water will substantially jeopardise the 

availability of potable water in the scenario of global 

water recycling. In such cases, mixing recycled water 

with the available fresh water is a growingly popular 

option that is already present in some regions of the 

world (Rokade et al., 2012; Forsyth, 1987; 

Cedergren, 1974). 

 

2. LITERATURE REVIEW 

 
A drainage system includes both the pavement and 

the water handling equipment. They need to be 

properly planned, built, and maintained. The water 

handling system includes the road surface, shoulders, 

drains, culverts, curb, gutter and surface water sewer. 

Whether the road is composed of concrete, asphalt, 

or gravel, inadequate drainage is typically a big 

problem. A bad design may stop water from draining 

or may cause it to return to the road. Traffic activity 

mixed with an excessive amount of water lingering 

on the surface causes potholes, fissures, and 

pavement damage. Numerous studies have 

conclusively demonstrated how incorrect drainage 

can have a negative impact on the performance of 

pavements (Rokade et al., 2012;  Suman et al., 2022; 

Zumrawi, 2014).  

 

According to Rokade et al. poor drainage causes a lot 

of expensive repairs before pavement reaches its 

design life, which is a major cause of pavement 

distresses. He found that the service life of pavement 

can be increased by 50% if water can be efficiently 

drained. In a similar vein, it is reasonable to assume 

that pavement systems with good drainage will have 
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a design life that is two to three times longer than that 

of undrained pavement portions.  

 

Gurjar et al. provided a methodology for quantifying 

the impact of drainage. According to him, excessive 

water in the pavement's base, subbase, and subgrade 

soils might result in early distress and structural or 

functional collapse of the pavement. Therefore, it is 

necessary to compare the cost of maintaining 

pavement with the cost of enhancing drainage quality 

when choosing the best maintenance solutions. As a 

result, it's important to evaluate how various drainage 

quality types impact the effectiveness of the 

pavement. A vital requirement for stability and 

preventing pavement deterioration is efficient road 

drainage (Gurjar et al,. 2013).  

 

According to Rokade et al. For the purpose of 

reducing early pavement distresses and enhancing 

pavement performance, it is essential to provide 

adequate drainage so that infiltrated water can drain 

away from the base and sub-base and avoid saturating 

the base and subgrade soil. When two different types 

of base layers were compared with longitudinal edge-

drains in both pavement designs, the use of a treated 

permeable drainage layer improved the anti-rutting 

performance over that provided by unbound dense-

graded aggregate base layers. The advantages of a 

subsurface drainage system will differ depending on 

the kind of pavement, annual rainfall totals, subgrade 

condition, pavement geometry, and overall pavement 

system design. When excessive moisture can be 

immediately evacuated from the structure, ideally 

within 2 hours and preferable within 24 hours, 

pavement drainage is most helpful. 

 

 

According to P. K. Agarwal et al. standing water in 

the winter can freeze and cause sliding, Moreover, 

there is standing water on the road, which may cause 

a car to hydroplane. Subgrade, base/sub base, and top 

layers all deteriorate often and prematurely as a 

result. In such circumstances, maintaining roads will 

be more frequent than maintaining a high-quality 

drained road structure. These issues are more 

dangerous on low traffic roads because they are 

unpaved, have less maintenance, have bad ditches 

and cross slopes, etc. The computed SNC were used 

to predict how well low volume roads will perform in 

terms of roughness using deterioration models. 

Analysis and findings indicate that as traffic volume, 

saturation time, and drainage quality all rise, so does 

the rate of road deterioration. With increasing 

pavement age, the average rate of deterioration 

increases when the drainage quality is really bad. As 

a result, this study's analysis revealed that for 

pavements with extremely poor drainage quality, 

With pavement age, the low volume road's functional 

performance dramatically improves (in terms of 

roughness). When there is particularly poor drainage 

quality, the average growth rate of pavement 

degradation increases as the saturation duration 

increases. If the saturation time is longer and the 

drainage quality is worse, the performance of low 

traffic roads will be the worst (Agarwal et. al 2014).  

 

According to Rokade et al.'s research, subsurface 

drainage is necessary when circumstances occur that 

could expose the pavement structure to excess 

moisture for an extended period of time and cause the 

pavement to deteriorate more quickly while still 

carrying the same amount of traffic. So, in 

summarising his points, he says: 

• The cumulative heavy axle loads over the 

pavement's lifespan must be taken into 

consideration when designing a subsurface 

drainage system. This suggests that axle loading 

may result in pavement construction 

degradation. 

• Key elements influencing design features for 

lessened moisture damage include soil 

conditions. Subsurface drainage requirements 

and pavement design are influenced by the 

subgrade soil's strength, deformation, gradation, 

and permeability qualities. 

• Since sub-grade soil and pavement layers are 

affected by climatic factors including rainfall, 

snowfall, cyclic freezing and thawing, ice, frost 

penetration, and daily and seasonal temperatures 

variation, these factors must be taken into 

consideration while choosing an alternative 

design. 

• Initial construction costs, rehabilitation 

expenses, and road user charges must all be 

taken into account in an economic study that 

compares the principal costs of highway 

upgrading over a selected period. 

• The system's maintainability and anticipated 

performance should be taken into account. 

 

3. IMPORTANCE OF SURFACE 

DRAINAGE 

 
It has long been known that too much moisture can 

harm pavement. A pavement structure may become 

wet from a number of different sources. Figure 1 

demonstrates the variety of sources of moisture in the 

subgrade and pavement structure. A high 

groundwater table may cause water to rise or flow 

laterally from the pavement's edges. It is critical to 

comprehend how ground water circulation influences 

the stability of nearby side slopes, pavement 

performance, and other factors. Pavements in low-

lying places are particularly vulnerable to ground 

water problems. Drainage systems must function 

properly when paving is built below a permanent or 

a seasonally high water table to prevent rapid paving 

failure. His moisture can have a considerable effect 

on the material characteristics and overall 
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performance of a pavement system when combined 

with traffic loads, voids in pavement sections, and 

freezing temperatures. The primary cause of excess 

water buildup in pavements is regular infiltration 

through the surface due to cracks, fissures, and other 

flaws that make it simple for water to pass through. 

Time will make the issue worse. Pavement joints and 

edges degenerate into water-filled channels as it ages 

and deteriorates, and cracks get bigger and more 

numerous. when a result, when the pavement ages, 

more water is let into the structure, which speeds up 

the development of moisture-related distresses and 

pavement degradation. The performance of a 

pavement might be negatively impacted by excessive 

moisture in the construction. At certain levels of 

moisture, a pavement construction might be stable, 

but if the materials become saturated, the structure 

might become unstable. Under heavy traffic loads, 

high water pressures might form. Water within the 

pavement structure has the potential to freeze, 

expand, and create tremendous internal pressures. 

When combined with traffic, moving water can 

choke drains by carrying soil particles (Tindall, 

1999). 

 

 
Figure 1. Moisture sources in paving systems 

 

4. SUBSURFACE DRAINAGE 

TERMINOLOGY 

 
In terms of simplicity and expense, sub-drainage 

options range from the straightforward daylighting of 

dense-graded bases to the inclusion of open-graded 

drainage layers joined to outlet pipes and longitudinal 

edge drains. A permeable base system is the most 

comprehensive subsurface drainage option because 

the majority of drainage-related components are 

incorporated in it. The drainage layer is commonly 

built to fulfil three conditions because it is typically 

impractical to develop one that would never become 

wet: To: (a) limit the drainage layer's saturation to a 

few hours or fewer after the rain ceases; and (b) offer 

sufficient permeability to transport all infiltrating 

water during rain under partially or fully saturated 

flow conditions; and (c) provide enough structural 

stability to support the weight of the traffic and the 

construction of the pavement.  

 

(i) Choosing to incorporate subsurface drainage-

There is little question that water has a negative 

overall effect on pavement systems. There is a lot of 

anecdotal and experimental data to support the idea 

that pavements will last longer if subsurface drainage 

is adequate. The benefits of sub-surface drainage 

have come under question, nevertheless, in light of 

several experimental findings. Sub-surface drainage 

makes building a pavement more challenging and 

expensive. Depending on the agency, different rules 

or decision-making procedures apply to subsurface 

drainage. Christopher and McGuffey describe the 

findings of a survey of organisations conducted 

across the addition of subsurface drainage elements 

in the United States. Despite the fact that the drainage 

system's requirements are not met by many agencies 

in the US, these data show that sub-surface drainage 

is nevertheless widely used, choice appear to vary 

among agencies. Several institutions, such as 

California, for example, always provide drainage 

beneath concrete paving. The predicted traffic 

volume is a focus for other groups; the more traffic, 

the more subsurface drainage is thought to be 

required. 

 

5. DRAINAGE'S IMPACTS ON 

PAVEMENT DESIGN LIFE 

 
The design of pavement drainage systems may 

benefit from a thorough understanding of the water 

movement in the pavement's subsurface. After 

establishing whether there is too much moisture in 

the pavement system, permeability-sufficient 

materials should be used to build the pavement sub-

drainage system. According to a research by 

Cedergren, by designing and constructing pavements 

with adequate pavement drainage and sub drainage 

properties, 15 billion dollars might be saved yearly. 

To fully realise these savings, one must have a 
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thorough understanding of the variables that most 

affect the flow of water through pavements. The 

FHWA now encourages the use of freely draining 

materials for bases and subbases. When building 

foundations and sub-bases, free-draining materials 

have a significant positive impact on pavement. By 

designing and constructing pavements with adequate 

pavement drainage and sub drainage properties, 15 

billion dollars might be saved yearly. To fully realise 

these savings, one must have a thorough 

understanding of the variables that most affect the 

flow of water through pavements. The FHWA now 

encourages the use of freely draining materials for 

bases and subbases. When building foundations and 

sub-bases, free-draining materials have a significant 

positive impact on performance, as shown by the 

AASHTO pavement design equations. The 

AASHTO Guide for Pavement Design provides 

examples of how excessive moisture might affect the 

pavement system and how long it can stay there. This 

handbook also offers unique structural requirements 

for pavements that have experienced moisture 

damage. The size of these structural variables is 

directly influenced by how long the moisture is kept 

inside the structure. They can be used for both the 

evaluation of already-built pavements and the 

construction of entirely new pavements. In order for 

a pavement to meet AASHTO's requirements for 

proper drainability, it must not be overflowing with 

water and must not support strong wheel loads when 

there is an excessive amount of moisture present 

beneath the surface. For this to occur, the water must 

be able to exit the pavement more quickly than it can 

enter. In order to avoid the excess water in the 

building from freezing (in cold climates) for an 

extended period of time, after the conclusion of the 

inflow period 8 must be quick to drain. 

 

6. METHODOLOGY 

 
A methodological framework has been created that 

focuses on the drainage-related performance of 

flexible roadway pavements. It is divided into five 

stages: problem identification, problem 

identification, problem identification of reasons, 

problem correction, and maintenance strategies and 

outputs. Two independent methodologies—steady-

state flow circumstances and time-to-drain 

conditions—are typically taken into account for the 

hydraulic design of pavement systems based on 

saturated flow conditions. Implementing a steady 

state analysis is often time-consuming due to 

challenges determining the design rainfall rate and 

the amount of rain that enters pavements (Besha & 

Alemayehu, 2016; Lakshminarayanan & Krishanan, 

2014; Huang, 1993, IRC: SP 42-1994). The time-to-

drain method is currently favoured by many 

engineers as a result. This strategy depends on 

allowing flow to travel through the pavement until 

the aggregate base course is saturated. Extra runoff 

just runs off the surface when the pavement is wet 

rather than entering the pavement area. The base will 

drain into a drainage system if it rains. According to 

AASHTO, Figure 2 shows the various drainage 

levels for a pavement structure for 50% of drainage. 

By utilising this technique, the amount of water that 

can be drained is decreased in half. The material's 

actual porosity, which can hold water, is not taken 

into consideration. 

 

The subsurface drainage system must be designed, 

built, and maintained to high standards in order to 

function at its best. It is best practise to have surfaces 

that are well-compacted, sturdy, dry, clear of loose 

materials, finished to true line and gradient before 

placing drainage materials on them. Inspection 

should be done to ensure that these requirements have 

been met when drainage system construction is 

complete. The drainage system should be protected 

from foreign material intrusions caused by 

construction, operation, and naturally occurring 

rainfall events both during and shortly after 

construction. 

 

 
Figure 2. Methodological framework of drainage 

performance of flexible pavement 

 

(i) Problem statement- The drainage system used in 

pavement design is a crucial element, pavement and 

the surroundings around it. When a road is built on 

natural terrain, streams are blocked, so essential steps 

must be made to channel the water away from the 

road. Otherwise, distresses could occur. 

 

(ii) Problem definition- Amravati's drainage 

systems are among the worst in the country. 

According to the observations made on the ground, 

poor route planning and design are the issue. Despite 

the fact that the majority of the parts are built to meet 

geometric requirements, they do not function 

properly. Neglect of several significant aspects is the 
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cause. among which the drainage facilities are the 

most crucial. Lack of an efficient subsurface drainage 

system has the impact of prematurely failing 

pavement, causing cracks, settlement, rutting, and 

marshy conditions. 

 

(iii) Causes of problems- All of the road's structural 

components, including the footpath, subgrade, and 

wearing surface, have gotten worse, necessitating 

extensive maintenance because the disposal system is 

ineffective. Inadequate storm water disposal systems 

are a primary factor in pothole formation on road 

surfaces. 

 

(iv) Remedial actions and upkeep plans- In 

accordance with IRC 42 and IRC 50, the following 

corrective actions can be taken to address the 

aforementioned problems. The pavement's 

longitudinal and transverse gradient (camber) A 

kerbed pavement needs this minimal longitudinal 

gradient more than an unkerbed pavement does. In 

order to provide appropriate drainage, desired 

longitudinal slopes for pavements must not be less 

than 0.50 percent. To facilitate water flow in side 

drains, a minimum longitudinal gradient of 0.30 

percent is required. Cross slopes of 2% have no 

impact on friction for vehicle stability or driver 

comfort when steering. 

 

(v) Results- It has been noted that the presence of 

standing water on any form of pavement would 

significantly enhance the likelihood of any problem 

linked to deterioration. Standing water can cause 

hydroplaning, bitumen binder stripping, and mud 

pumping (in the case of stiff pavement). Standing 

water also restricts a road's width, making it less wide 

for cars to drive on, which exposes more of the area 

to traffic, leading to worse outcomes. 

 

7. CONCLUSION 
 

In the design of a pavement system, drainage is a 

crucial component. However, poor drainage is a key 

contributor to pavement distress since it necessitates 

several expensive repairs or replacements before the 

pavement has reached its planned life. Avoid 

allowing moisture into the paving system. An 

important objective in pavement design should be to 

avoid saturating or even exposing the susceptible 

paving at the base, sub-base, and sub-grade levels 

components to persistently high moisture levels over 

time. These four methods are frequently used to 

prevent or control moisture issues: Avoid allowing 

moisture into the paving system. 

• Make use of materials resistant to the effects 

of moisture. 

• Include elements in your design that will 

reduce moisture damage. 

• Eliminate moisture that enters the paving 

system as soon as possible. 

 

These moisture-related effects on the paving system 

under high an increase in traffic protracted length of 

time cannot be completely offset by any technology, 

it is imperative to recognise this. As a result, using a 

range of tactics is frequently necessary, especially 

when there is a high volume of traffic. The 

advantages of a well-drained system over an 

undrained or poorly-drained system must be 

quantified, and the impact of drainage quality on 

pavement performance in India must be investigated. 
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