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ABSTRACT

Pavements are structural layers of solid materials laid for convenient grounds for walking, vehicle movement, sealing and decoratiing
purposes. Pavements can be flexible (asphaltic bounded), rigid (portland cement bounded) and composite of both rigid and flexible
layers. Pavements containing basal structural layers of subbase and/or base course and surface layers withot binding cement of asphalt
or cement are considered unbound pavements. Four broad categories of flexible pavement distress after Distress Identification Manual
for the Long-Term Pavement Performance Program are (a) surface cracks, (b) surface deformation, (c) deterioration and (d) mat
problems. Causes of pavement distress can be single or composite, and are due to poor material characteristics, poor mix design
characteristics, and poor construction design, apart from traffic loading and environment of heat and moisture, which are to be
considered in the construction design. Pavement distress causes have been overviewed. Few examples of distress have been presented
in photos by inspecting the Tribhuvan University road and road of the Manang Colony.

Keywords: Pavement distress, deterioration, disintegration, construction material, flexible pavement

INTRODUCTION

Pavements are floors of solid materials laid to make
convenient ground for walking, vehicular movement, sealing
or decorating. Pavements of roads generally have two or three
internal structural layers between the bottommost subgrade and
the topmost surface layers. These two layers are subbase and
base course and presence of capping layer above the subgrade
will make an additional internal layer. The capping layer is laid
only when subrade is of poor quality. Above the capping layer
are laid respectively from the lower to the upper portion, the
subbase and the base course. These two layers are the load
bearing structural layer. Besides, these layers have functions
of drainage and preparation of platform for the surface layer.
Subbase is laid to increase the thickness of pavement structure
particularly where groundwater table is shallow, or to prevent
subgrade material from pumping up to the base course and the
surface layer.

Depending on whether the surface layer placed over the
base course is of concrete or asphaltic mix or muddy ground,
the pavements are categorized as rigid (concrete layer), flexible
(asphaltic layer) and unbound, respectively. Rigid pavements
have their top layers of concrete (non-reinforced or reinforced
cement concrete) whereas flexible pavements have asphaltic
(bituminous mix) surface layers and possess flexibility against
axle loads. Apart from these, a series of composite pavements
may occur depending on the binding materials used to treat the
internal structural layers of the pavement to achieve load bearing
capacity, drainage, flexibility, durability, etc. Both asphalt
treated base or cement concrete treated base can be found in
composite pavements. The functions of asphaltic layers are to
avoid excessive flexing of layers and to provide weather resistant
smooth coating or sealing or to make layer waterproof to prevent

drainage into the internal layers of the pavement structures.
Therefore each of the structural layers has some specific functions
to keep pavement durable.

Various factors affect durability of pavement structures
and their performance, and cause pavement distresses. Among
those are subgrade soil characteristic, pavement materials
characteristic, traffic loading and moisture and temperature
environments. Subgrade (formation) over which a pavement
structure is constructed, bears a crucial role in lengthening a
life span of the structure. When subgrade is of low quality, a
pavement gets flexed easily and excessively causes the pavement
to distress severely. Pavement materials characteristics have a
fundamental bearing on pavement structures. Low quality
construction materials and construction quality (improper mixing
and placing during construction, failure to adequately compact
the structural layers, and inadequate layer thickness) also affect
durability of pavement structures. Traffic loading, whether it
is light or heavy axle loads and frequency of loading, has bearing
on pavement performance. Moisture environment during
pavement construction and post construction influences pavement
performance. Moisture entering the structure during upwelling
of groundwater table may deteriorate pavements with poorly
constructed shoulder drainage and poorly selected subbase and
base course (Adlinge and Gupta, 2005; Ragnoli et al., 2018).

Two sites: (a) the Tribhuvan University (TU) Road,
Kirtipur, and the road of Manang Colony, Kathmandu (Fig. 1)
were selected for facilitating description of pavement distresses.

TYPES OF PAVEMENT DISTRESSES

Pavement distresses occur due to individual or combined
effects of pavement material quality, subgrade, construction
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Fig. 1: Pavements observed: (a) TU road, Kirtipur, and (b)
road of the Manang Colony

Table 1: Types of asphalt pavement distress

Major Categories Varieties

Surface Cracking Longitudinal, transverse, block,

fatigue, edge and reflection cracks

Surface Deformation ~ Rutting, corrugation, shoving,

depression and swell

Deterioration Pot holes, raveling, stripping,
polishing, pumping, patching
Mat Problems Segregation, bleeding, delamination

quality, traffic loading and moisture environment. Four categories
of asphalt pavement distresses after Distress Identification
Manual for the Long-Term Pavement Performance Program
(Miller and Bellinger, 2003) and Pavement distress Identification
Manual for the National Park Service Road Inventory Program
(FHWA, 20009) are: (a) Surface cracking. (b) surface deformation,
(c) deterioration, and (d) surface or mat problems (Table 1).
Severity levels of some of the distresses are provided in the
same manual (FHWA, 2009).

Surface cracking

Surface cracking is phenomenon of development of
surface cracks irrespective of their location of development.
Longitudinal (Fig. 2) and transverse cracks are respectively the
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Fig. 2: Longitudinal crack as observed on the TU road of
stretch between Nepal Bank and the TU Administrative
Office

Fig. 3: Fatigue cracks (alligator cracks) observed on the
stretch of the TU road between Tinkune and the Department
of Management

cross-running along and across the road. They initiate as wide
spaced cracks but grow into closely spaced and open severe
cracks with the passage of time. Both longitudinal and transverse
cracking may intersect one another to yield more or less
rectangular shaped block cracks. Severity levels of both
longitudinal and transverse cracks are: Low- cracks with < 6
mm width, sealed; moderate-crack width between 6 and 19 mm,
adjacent low severity cracking; and high-cracks width more
than19 mm with adjacent random moderate to high severity
cracking. Major causes of development of all the above
mentioned cracks are generally frost heaving, creeping of ground,
flowage of subgrade and settlement, improper construction of
lanes, etc.

Fatigue cracks or alligator cracks are a series of
interconnected irregular polygonal cracks of various stages of
development (Figs. 3 and 4), due to failure of surface layer or
base course owing to repeated loading. Alligator cracks may
also form due to defects in base when the drainage condition
is poor, and can develop anywhere on the roadway. Fatigue



cracks reach severity to give rise to potholes. Severity levels
of fatigue cracks are categorized as low, moderate and high.
Too fine hairline cracks with no or only a few interconnecting
cracks (< 6 mm) in width) which are not spalled are of low
severity. Moderate severity cracks are those which form an area
of interconnected cracks that may be slightly spalled. Cracks
have width between 6 and 19 mm and cracks in the pattern are
no further apart than 150 mm. Severely spalled cracks of more
than 19 mm width with moderate to severe random cracking,
are placed under high severity of fatigue cracks.

Other cracks include those that develop over joints in
concrete, called joint reflection cracks, and crescent cracks that
develop at the pavement edge adjacent to the poorly constructed
shoulder (Fig. 4). These cracks may expand into alligator cracks
with the passage of time under the circumstance of lack of
lateral support to the pavement edge.

Surface deformation

Surface deformation is degradation of structural layers
due to heavy traffic load. Minor causes can be weakening of
subsurface layers as well as subgrade or formation. Rutting is
the commonest phenomenon that occurs as depression developed
in the wheel path of flexible pavement. Rutting occurs due to

Fig. 4: Edge cracks and fatigue cracks (alligator cracks) on
the TU road (arrows indicating distresses): (a) infront of
Department of Management Building and (b) between Nepal
Bank and TU Administrative Office

Overview on causes of flexible pavement distresses

heavy traffic load and initially a narrow rutting formed grows
into a wide and deep one. The rutting limited to the surface
asphaltic layer is indicative of improper mixing proportion of
asphalt and aggregates, while one that grows into deeper layer
with deformation of subgrade is indicative of rutting rooted to
the deformation of poor subgrade (Figs. 2 and 5).

Corrugation is a transverse undulation that appears at
regular intervals due to the unstable surface layer caused by
traffic (Fig. 6). Corrugation with large wavelength and amplitude
is caused by poor subgrade and frost heaving. Depression and
swell are respectively localized surface settlement and upward
buldge on the pavement. The former is often caused by lateral
movement of structural layers or subgrade, or creeping ground
or by solution and piping of ground. Swell is generally caused
by expansion of pavement or subgrade due to moisture condition
or frosting.

Shoving is a kind of corrugation, which is sinuous across
the pavement surface and is generally perpendicular to the traffic
direction. It often happens where traffic starts and stops at busy
intersection of road.

Fig. 5: (a) Rutting observed on the TU road near the TU
administrative office and (b) Rutting due to subgrade
creeping and settlement as observed on the TU road near
Tinkune (arrows indicate distresses)
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Fig. 6: Corrugation and raveling of portion of the TU road
between Centre for Economic Development Administration
(CEDA) and the Science Faculty Block

Fig. 7: A pothole developed on the TU road between the
Department of Management and CEDA due to stripping

Deterioration

Deterioration of pavement refers to breakage of portion
of pavement. Severity of development of cracking and rutting
may lead to deterioration of pavement. Potholes are bowl-shaped
depressions formed gradually from small to large cracks and
holes. Generally fatigue cracks with severity and aging give
rise to potholes. Some potholes are produced by stripping of
aggregates from the asphalt binder and erosion of aggregates
(Fig. 7). Severe development of depression and cracks allows
for water accumulation, which further induces stripping and
disintegration of aggregates from asphalt, thus leading to
development of potholes. Potholes grow in diameter in a short
period of time and pose accidental hazard.

Patching is a portion of pavement surface greater than
0.1 sq. m that has been removed and replaced after original
construction for utility.

Raveling is the process of erosion of aggregates from
the surface pavement due to poor adhesion between asphalt
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binder and aggregates (Fig. 7), or disintegration of poor quality
aggregates. Raveling creates surface roughness and later on
asperities of roughness grow larger by repeated axle load.

Stripping is loss of adhesive bond between an asphalt
binder and aggregates (Fig. 8). It commonly happens when
water is present between aggregates and asphalt during pavement
construction and during service period due to poor drainage
condition. Stripping typically begins at the bottom of the asphalt
layer and progresses upward as opposed to raveling in which
stripping begins at the surface and progresses downward.

Polishing takes place by wearing of aggregates present
in the surface layer, and exposes aggregates. Extreme polishing
may result in loss of skid resistance of aggregates. Pumping is
the phenomenon of seepage or ejection of water and fines from
beneath the pavement through cracks on to the surface.

Mat problems

Mat problems are limited to the surface layer of the
pavement. Some of the remarkable distresses are bleeding,
segregation and delamination. Bleeding is a patch of excessive
asphalt cement on the surface of pavement (Fig. 9), as caused
either by excessively high proportion of asphalt binders or by
improper placement of asphalt mix during pavement construction.
This happens when workability of aggregate-asphalt mix is low,
and is caused by aggregates lacking dense gradation and presence

Fig. 8: Stripping and raveling: (a) on the stretch of the TU
road between Service Commission Office and Tinkune, and
(b) on the pavement of the Manang Colony



