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I N T R O D U < T I O N

Over the past 100 years, and in an accelerated fashion in the
past 25 years, the USA has developed an extensive road system.
The main part of this system is a network of about two million
miles of paved roads, that have an obvious impact on the economy,
education, recreation, life style and national defense of the
country. Realizing the vitality of roads to the country and to
the individual, it is a matter of concern that there is a gradual
decrease in its percentage of good milage, both rural and urban,
as also stated by the Secretary of Kansas Dept. of Transportation

during the March, 1985 Annual Transportation Confersnce at XKansas

State University.

"

--=-29 percent of the state roads are deteriorating racidly,
and 1l percent have already deteriorated; =---- if nothing 1is

done, 90 percent of the state interstate by 1990 would be

classified as deficient---"

As a majority of total milage of roads in this country are asvha-
ltic, the +topic of this report is, " AN EVALUATION OF DISTRESS

IN ASPHALT PAVEMENTS AND 3O0OME PREVENTIVE MEASURES ™

As a natural phenomenon, any type of road starts wearing out once
opened to traffic. The badly detericrated roads not only cost
more to maintain and rehabilitate, they drastically and adversely
affect vshicle fuel consumption, operating costs. and traffic
delays resulting in significant economic loss as shown 1in

Figure 1 and Table 1.
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The key to good roads is timely maintsenances, of which the initial
step is to identify which pavements need immediate attention for
maintenance purposes, and then to arrangs a program of
preventive measures according to their condition. The condition
ef the pavement is defined as a function of gquality over its
design life, which is the number of years a pavemsent is designed
to serve the forecasted traffic identified at the time of design.
The life cycle of a typical pavement is shown in Figure 2, where
the quality of tha_puvemant shown on the ordinate is defined as
its ability to serve high speed, high volume, mixed traffic in
its existing condition. It is basically related to the Present
Serviceability Index (PSI)> +that provides an estimate of +the

subjective rating of the travelling public about its quality,

v.good

good |

GUALITY fair

40%
poar Quality
_ Drop Total
' Failure
v .Door
| | {
5 10 15 20 Time 25 30
Years

Fig. 2. PAVEMENT LIFE. (From Yoder and Witczak, 1975.

and The Asphalt Institute, 1383.)



In a design life of twenty vears, change in pavement condition
during the first 8 to 10 years is minimal. Cnly after 15 to 16
years does a typical pavement cross the line from good to fair,
having used up 75 percent of its design 1life. To return the
pavement to good or new-like conditions, maintenance is required.
However if maintenance is deferred at this stage, deterioration
accelerates, the cracks become potholes and surface irregulari-
ties degenerate into rough surfaces, and within a short time the
pavement condition drops another 40 percent from fair -0 poor and
very poor, and then has to be re-constructed. This means that
each dollar saved by deferring rehaplitation neaded betweasn the
15th. and 1l7th. year may cost five to six dollars in a short time
of one to two years. Thus, timely maintenance not only savas
money in the long run, it also extends the design life of the

Pavement as shown in Figure 3.
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FIG. 3. TIMELY MAINTENANCE. (From Yoder and Witczak, 1973.)



A PAVEMENT MAINTENANCE PROGRAM
There are two types of maintenance activities:

-- preventive maintenance,

-- rehabilitative maintenance.

Preventive maintenance are the frequent measures taken by a road
department to keep the pavement system functioning as intended

ELl

and prevent failures known as functional fajilures " of the
pavement. |

Functional failure is usually defined from the subjective rating
of the pavement, and / or by means of deflection measurements,

further illustrated in the section, Roughness or Deflection
Survey ", that follows. The replacing of isolated failures,
filling of cracks and improving drainage are examples of

preventive maintenance operations, which if not carried out in a

timely manner, result in structural failures of pavement.

Rehabilitative maintenance activities are those actions that
must be taken when the puvemént system, or portion of the systen,
must either be upgraded to accomodate heavier traffic or the
condition of the pavement has reached from medium to severe tyope

of “structural failure", and major action must be taken.

Structural failure is defined from identification of distress in
the pavement which is the result of a detailed examination of
different types of failures as described in the following

sections.



DISTRESS IDENTIFICATTION

One of the basic measureg of identifying structurally failed and
also funtionally failed pavements is their "existing distress™.
There are variocus kinds of defects and different severity levels
for each distress type which, when known, provide great insight
into pavement deterioration. Based on measurement of distress
surveys and other informationas =such as roughness, and present
serviceability index, a maintenance program can be selected. The
distress survey is performed first, followed by a roughness

survey and evaluation of serviceability.

DISTRETSS SURVEY

‘A previous study (1) showed that the distress survey or categori-
zation of distress into distinct types is controversial and
variable between agencies and even between individuals within the
same agency. The reason for this variability is variable design
methods, different climatic conditions, different soil types, and

various approaches towards distress diagnosis.

Significant progress has been made in the standardization of
distress identification (1) (3) (S) (S). To properly identify

distress, three factors must be considered:

1. TYPE: based on similar mechanisms or cause of occurance.
2. SEVERITY: a given distress type can take place on a variety
of severity conditions.

3. AMOUNT: the guantity and severity of each type is measured.



The description of each type of diastressa, its cause and measurem-
ents are described in the following pages. Severity of distress
has been divided intoc three levels. These are somewhat arbitrary
groupings, but generally provide distinct categories of the level
of deterioration within the same distress type. In addition, the
photographs of the distress showing various levels of severity
are an indispensible part of the identification vrocess. The

following are some of the distress descriptions. (2) (3) (32 (9),.

TYPE (1] S URFACE CRACKTING

This is mostly considered a structural failure.

Name of distress: FATIGUE OGR ALLIGATOR CRACKING.,

Description and cause:! Fatigue cracking, shown in Figqure 4, is a
series of interconnecting cracks caused by fatigue failure of the
asphalt concrete surface or stabilized base under repeated
traffic loading. The cracking initi;tes at the bottom of +the
asphalt surface layer or the stabilized base where the tensile
stress and strain is high;at under a wheel load as shown in
Figure 5. The cracks propagate to the surface initially as one or
more parallel cracks. After repeated traffic loadings. the cracks
connect, forming many sided, sharp-angled pieces that develop a
pattern resembling the skin of an alligator and hence is called
alligator cracking. This type of cracking is considered as a

major structrual failure,
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Severity Levels:

Low--- Longitudinally, somewhat connected minor cracks run
parallel to sach other. The cracks are not spalled and initialiy

there may be a single, or just a few, cracki{(s? in the wheel path.

Medium--- Further development of low severity alligator cracking
into a pattern of pieces formed by connected cracks that may be

lightly surface spalled. (See Figure 6.)

High--- Medium alligator cracking that has progressed so that
pieces are more severely spalled at the edges and lcoosened to

mrove under the traffic. (See Figure 7.)

Measurement <(Amount): Fatigue or Alligator cracking is measured
in square feet or square meter of the affected surface area. The
major difficulty in measuring this type of distress is that many
times two or three levels of severity exist within one distress
aréu. If these portions can be easily distinguished from each
other, these are measured and recorded separately. Howsver if the
different levels of severity cannot be easily divided, the entire

area should be rated at the highest severity lavel present.

10
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Name of distress? LONGITUDANAL, LANE JOINT, EDGE and

TRANSVERSE CRACKING.

Description and cause: Longitudnal cracks are parallsel tc the
pavement centerline or laydown direction, whereas transverse
cracks are perpendicular to it, as shown in Figure 8. They may

be caused by poorly constructed paving lane joints or a weak seam
between the pavement and the shoulder in the case of edage

cracking, aas shown in Figure 9.

Severity Levela!

Low: ---- Cracks have either minor spalling or no spalling
and width of the cracks is not more than 1/4 of an inch as shown
in Figure 10. No significant bump occurs when a vehicle crosses

the crack.

Medium---- One of the following conditions exists: (i) cracks are
moderately spalled; (ii) cracks are not spalled or have minor
spalling but the previous sealing is such that water can freely
infiltrate; (iii) crack width is greater than 1/4 of an inch:{(iv)
Low severity random cracking exists near the crack or at corners
of cracks: (v) the crack causes a significant bump to a vehicle.

{ See Figure 11.)

High----- (i) Cracks are éeverely spalled and/or medium to high
random cracking exists near the crack or at corners of intersect-
ing cracks;:; (ii) crack width is greater than 1/2 inch: (iii) the

crack causes a severe bump to a vehicle. (See Figure 12.)
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Mzasurement (Amount): The longitudnal cracks are measuread
linear feset or 1linear meters. The length and severity
each crack is identified and recorded. The vehicle used

determing bump severity is a mid to full sedan weighing 3000

-
. C

3500 lb. moving over the inspection section at the posted speed,

31
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Name of distressi!  SLIPPAGE AND REFLECTION CRACKS.

Description and cause! Slippage cracks are crescent shaped cracks
that usually point in the direction of the thrust of the wheel an
the pavement surface as shown in Figure 13:; however, they do not
always point in tga direction of the traffic. For example if
brakes are applied down a hill the thrust of the wheels is
reversed. Slippage occuring in this circumstance will result
in cracks pointing uphill. The cause of such cracks is lack of
good bond between the surface layer and the course bkensath i1t,
The lack of bond may be due to dust, ©il, water or other nen

adhesive material between the two courses.

Reflection cracks are in asphalt overlays which reflect the crack
pattern in the pavement structure underneath as shown in Figure
14, The pattern may be longitudnal, transverse, diazgonal or block
in the asphalt overlays on a pertland cement layer or on an
asphalt layer. They are most severe whenever cracks in the old
pavement have not bsen properly repaired before construction of
the overlay. Reflection cracks are caused by a vertical or
horizontal movement in the pavement beneath the overiuy. brought
on by expansion and contraction with temperature or moisture
changes. They may be caused by traffic or éarth movements and /

or by loss of moisture in subgrade with high clay contents.

Measurement (Amount): The levsel of severity and method of
measurement is same as explained for other previcously mentioned

distresa.

1s
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TYPE (IT1 S URVFACTE DISTORTTION

This is mostly considered both functional and structural failure.

Name of distress: RUTTTING.

Description and cause: A rut is a surface depression in the
wheel path. Pavement uplift may occur along the sides of
the rut, as shown in Figure 135. Rutting stems from a permanent

deformation in any of the pavement layers or subgrade, usually
caused by consclidation or lateral movement of the materials due
to traffic loads. Rutting may also be cugsed by plastic movement
in the mix in hot weather, or inuaequute compaction during
construction. Significant rutting can lead to majer structural

failure of the pavement and hydreoplaning potential.

Measurement (Amount)! Rutting is measured in sguare feet or
square meters of surface arga and its severity is determined by
mean depth of rut. To determine the mean rut depth, a four feet
straight edge is laid across the rut and maximum depth is
measured. The mean depth should be computed from measurements

taken every 20 feet aleong the length of the rut as in Tablie Z,

Table 2. SEVERITY AND RUT DEPTH. (From U s Dept. of

Transportation and Federal Highway Administraticon. 1584.)

Severity Level Mean Rut Depth Criteria
Low 1/4 ---- 1/2 inch.
Medium : »1/2 --- 1 inch.

High > 1 inch,

18



Fig. 15 RUTTING IN THE WHEEL PATH. (From U S5 De
tation and Federal Highway Administrat
Name of distress: SHOVING, CORRUGATION, AND

Description and cause: Shoving is a condition

Davement surface areas have elevations slighitly

of the surrounded pavements. In many instances,
not noticeaple wuntil after a rain, when oondi
bird bath areas as shown in Figure 16. Shovin
settlement of the foundation soil, which can
inadeguate compaction during costruction.
Corrugation is shown in Figure 17. It is
washboarding and is a form of plastic movement
ocles across the asphalt pavement surface. The
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of satability in the mix which wase too rich in asphalt or contains
too soft an asphalt cement, or has a high proportion of fine
which may be round and smooth in texture. The other +vre of
corrugations or depressions may be due to a utility cut caused by
lack of adequate compaction of backfill or upheavals caused by
the swelling affect of moisture on expansive socils. Frost heaves
are examples of upheavals as shown in Figure 18, The shoving.
corrugations and upheavals are a source of roughness. The conse-
quence is a fuctionai failure, and when filled with water teo a

sufficient depth could cause hydroplaning of vehiclss.
Severity Levels:

Low: Depressions or upheavals cause some bounce of the vehicle

which causes no discomfort.

Medium: Depressions or upheavals cause significant bounce of the

vehicle which causes some discomfort.

High! Depressions or upheavals showing excessive bounce of IThe
vehicle which causes substancial discomfort and/or wvehnicle

damage requiring a reduction in speed for safsty.

Measurement {(Amount): The depressions or upheavals are measured
in sguare feet or square meters in sach inspection unit. Each oI
the distress is rated according to its level of severity. The
severity is measured by riding in a mid to full-size sedan
weighing 3000 to 3500 1lb. over the pavement inspection section

at the posted speed limit.

20
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TYPE [ITIJ S URVFACE DI SINTETGRA

This is mostly considered as structural failurse.
Name of distress: POTHOLES, RAVELING.

Description and cause! Potholes are various sizes of bowl-shaped
holes in pavements resulting from localized disintegration as
shown in Figure 19. The cause may be: (i) pavements that have
insufficient thickness to support traffic during winter/spring
thaw cycles without localized failures; (ii) freezing and thawing
of the base or subgrade: (iii) poor drainage which will usually
cause failure in combination with thin pavements but can also
affect thick pavements and new overlays: (iv) failures at utility
trenches; and (v) miscellaneous paving defects and cracks left

unmaintained or unsealed from water intrusion.

Raveling is the progressive separation of aggregate particles in
a pavement from the surface downward or from the edges inward as
shown in Figufe 20. Usually the fine aggregate comes outr fairst
and leaves little "pock marks"” on the pavement surface. As the
errosion continues, larger and larger particles are broken free
and the pavement soon has a rough and jagged appearance. typicail
of surface errosion. The cause of raveling is lack of compaction,
construction of a thin layer during ceold weather., dirty or
disintegrated aggregates in the mix, too little asphalt in the
mix, or overheating of the asphalt in the mixing plant.

The rate of severity for raveling and potholes is obtained in one

of the ways as explained in other above-mentined distress tvoes.

23



Measurement (Amount): This type of distress 1= measured 1n sguara

meter or sauare feet in each insvection unit,

Fig, l9. A POTHOLE. (From The Asphalt Instituzes, 1383,:

Fig. 20. RAVELING. (From U S Dept. of Transportation and

Federal Highway Administration, 1%584.,}

24



TYPE [IV] S KID HAZARATD

This is mostly a functicnal failure.

Name of distress: ASPHALT BLEEDING AND POLISHED AGGREGATES.
Description and cause: Bleeding or flushing is the upward
movement o©of asphalt in an asphalt pavement resulting in the
formation of ‘a film of asphalt on the surface. The cause of
bleeding, which usually occurs in hot weather, is too much
asphalt in one or more pavement courses. This can result from an
improperly constructed seal coat, too rich a mix, and / or too
heavy a prime or tack coat. Also, traffic may cause added
compression of a pavement containing too much asphalt, forcing

it to the surface., (See Figure 21.)

Polished aggregate are aggregate particles in the surface of a
pavement that have been polished smooth. This includes both natu-
rally smooth uncrushed gravels and crushed rock that wear down
quickly under the action of traffic. These polished aggregates
are slippery when wet thus adding teo the skid hazard. (See

Figure 22Z.)

Severity level for bleeding.
Low: Asphalt is barely noticeable in its covering of aggregates.
Medium: Asphalt is covering large areas of aggregates.

High: Asphalt is totally covering the aggregate.

Measurement: It is done in sgquare meter or sguare feet over the

inspection area.

25
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EVALUATION o F

THE DISTRETSS DATA

The distress information for the entire project is recorded on
data sheets after measurements and photographs are taken for
development of a maintenance program. The information is used in

the following ways:

* Quantity of repair by identification of structural failures
and or functional failures is determined and increased by 10 to
20 percent to account for future deterioration before

actual maintenance beginas on the road.

= An overall examination of the data will indicate if there are
significantly different areas of pavement condition along the
project. For example a change in subgrade, traffic, or materials
may result in a significant change in distress occurance. On
hultipla lanes the inner lanes show significantly less distress
cccurance (or at least low severity level). Thus the maintenancs

design may be varied along the project or across lanes to reduce

coata,.

# The data provides documentation of the condition of the
existing pavement before a maintenance project is undertaken and

is useful in evaluation of the performance of the pavement after

the maintenance is completed.

27



# The distress data provides valuable insight into the reascons
and mechanisms of pavement deterioration. As a first evaluation

the distress can be separated intoc two general categories:

(i) Primarily load caused, (ii) primarily material and climats
caused, or caused by combination of load, material and climate.

Table 3 shows an approximate breakdown of these categories,

Table 3. GENERAL CATEGORIZATION OF ASPHALT PAVEMENT DISTRESS.
(From US Dept. of Transportation and Federal Highway

Administration, 1984.)

DISTRESS PRIMARILY PRIMARILY
TYPE TRAFFIC LOAD CLIMNMNATE /M ATRL.

ALLIGATOR OR .

FATIGUE CRACKING

LONGITUDANAL & ‘

TRANSVERSE CRACKING

SLIPPAGE & REFLECTION -

CRACKING

RUTTING # -

CORRUGATION, UPHEAVAL & -

SHOVING

POTHOLES »

RAVELING - e

BLEEDING -

POLISHED AGGREGATES *

28



¢« The distress affects roughness and hence provides a basis for
functional rating called the Present Serviceability Rating or the
users’ response. Furthermore the distress data with the
roughness information enables the computation of the
* distress index " called the PRESENT SERVICEABILITY INDEX
(explained in the following sections), which gives an overail

assesment of the pavement condition and is used to evaluate the

need for maintenance works.

29



ROUGHNESS SURVEY

Roughness is defined as irregqularities in the pavement surface
that adversely affect riding gquality, safety and vehicle mainten-
ance cost and cause mostly functional type of failures, which
with the passage of time, generate into structural failures as
described earlier. Roughness is caused by surface irreqularities
that are built into a pavement during construction or develop

after construction due to traffic, climate and cother factors.

The purpose for roughness measurement is to provide an index of
the user response to the condition of the pavement that helps to
Justify the maintenance work. The PRESENT SERVICEABILITY INDEX
{ PS I ) can be computed from the roughness data as described
later. The ovafall benefits of the maintenance work to the user
can also be determined by measuring the roughness before and
after the work. There are various types of roughness measuring
equipment available, like the B P R (Bureau Of Public Roads)
Roughometer, or the PCA (Portland Cement Association)
Roadmeter. The BPR roughometer as shown in Figure 23, measures
the cumulative movements of a wheel mounted on a standardized
single wheel trailer ( data is recorded in terms of inches per
mile ), and the roadmeter as the one shown in Figure 24 measures
the vefticel movements of the instrumented rear axle of an
automobile. It is important to use the same type of egquipment

for the survey of +the same project.

30
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SERVICEABTILITY (1) (&) (11»

After the identification and measurement of distress and rough-
ness or slope variance, the Present Serviceability Index 1is
calculated from the following AASHTO Road Test Regression
Eguation fpr flexible pavements. It contains both distress and

roughness terms.

PSS I =25.03 - 1.91 log (1 + 3SV) - 1.38 (RD? - 0.01 (C+P?{2
whare:
SV = Slope Variance (statistics derived from roughness data),
RD = Mean Rut Depth, inches.
2 2
C = Alligator Cracking. Ft./ 1000 Ft.
2 2
P = Potholes or other Patching, FT./ 1000 Ft,
The P S I as explained sarlier, is basically an index that

provides an estimate of the subjective rating of the travelliing
public, relative to the pavement condition. Thus, it i3 an
estimate of the user as to the ability of the pavement ta
serve high-apegd and high-volume mixed traffic in its existing.

Its value and subjective rating zones are in Table 4,

Table 4. SUBJECTIVE RATING ZONE. (From Yoder and Witczak, 1373.)

Q----1 Very Poor.
1----2 Poor.
PR Fair.
Py Good.
4----5 Very Good.

32



EVALUATTIQON o F SERVICEABILTITY

Based on user response, the values of P 3 I given in Table 5

are generally considered critical and establish needs of

maintenance work.

Table 5. CRITiCAL VALUES OF PSI.(From U S Dept. of Transportation

and Federal Highway Administration, 1984.)

AVERAGE DAILY TRAFFIC Critical P S I

High Traffic Volume

ADT > 10000 3.0 -- 3.5

Medium Traffic Volume

ADT = 3000 to 10000 2.5 -- 3.0

Low Traffic Volume

ADT < 3000 2.0 -- 2.5

The ready use of information about distress, roughness, and
present serviceability index is further enhanced by storing data
on a computer software program that has multi selsctive

retrieval capabilities.



DEVELOPMENT OF A PAVEMENT RATING
SYSTEM (3> (33 &y (P

When basing a maintenance program freom the data obtained by dist-

ress identification, roughness survey and measurements by the

roughometer or roadmeter eguipment, it becomes difficult eor

uneconomical +to cbtain adequate survery data to make a decision

at a city or county level. It is difficult to determine what

roads or strests should get what type of maintenance because of

1

low budgets for maintenance projects as well as politica
reasons. Some factors complicating the decisions are the identi-
fication of a variety of pavement distress, some serious and
others insignificant, shortage of qualified survey orew and
limited time. This is true for the City of Manhattan, where the
Director of Public Works is of the opinion that instead of
spending money on performing extensive distress surveys and
measuring the roughness., the same amount of money could be
utilized in maintenance works which come up on routine basis or
on uaersa’ demandsa.

Considering the problems faced at the small City level, ~his
study proposes a short and economical method, for pavement ratins
or condition survey, which may be used by 3 gqualified person +o
determine the deficiencies in the various portions of the «city
streets or county roads. The gradation of the street system is
done by inspecting the pavement, as any distress will be reflec-
ted in the surface in the form of cracking or rutting and seo on.
The observation of the pavement, under the loads that it carries,

will provide data on the type of maintenance required.
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The form in Table & represents uae of thia method,

Table 6. PAVEMENT RATING OR CONDITION FORNM.
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PROCEDURE OF RATING

1.

An effective way of inspecting a pavement will be, first, to
drive slowly over the inspection area of the road to get an

overall impression of its condition.

Then make a thorough inspection of the pavement going block-
wise as the coverage unit per form, keepring in mind the

following terms as refered to in the " distress survey .

(i) pavement is rated within good condition when the

distress severity level is "low",

o

(ii)> pavement is rated within fair conditieon when h=

distress severity level is "medium®,

(iii) pavement is rated within poor condition when the

distress severity level is “high".

Since the system is based on judgement, or the subjective
feeling of the inspecting person, better results shoulid be
obtained when two or more experienced individuals
independently rate the pavement and the results are treated

atatistically.

After the inspection is complete, the rating feorm is filled
out for each block. The coverage unit may be increased iZf
pavement condition is found to be uniferm, i.e. one form Ior
several blocks or decreased for sections of severe distress

of less than one block.
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The interpretation of the overall, averaged =um of the rating

is as follows:

Routine Maintenance (Pavement rated above 30} Pavement is in

better than average condition with no conspicuous evidence of
deformation or incipient failures and few, if any,
longitudnal, transverse, slippage, or other types of cracks
exist, All existing defects are to be maintained under

routine maintenance.

Surface Restoratien (Pavement rated 20 to 30) Pavement with
higher percentage of longitudnal, or other pattern of mediun
to high severity cracking, defects such as raveling or a
weathered surface, and deformations by rutting and
corrugaticns are obsgserved over a larger part of the

inspection area. A surface restoration is recommended.

Reconstruction (Pavement rated below 20) Pavement has severe
permanent deformation, such as rutting, shear failure, heave
or ravelling, high severity cracking and evidence of

intrusion of surface water into the subsurfacse layer,

Reconstruction of such a section is desireable,

The information so collected for each street may be recorded
on forms, files, maps and video tapes. The rating is updated
at a predecided interval of time. A city street map is used
for marking the pavement condition using colored pins, which

in turn follow the above menticned interpretations.
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7 The Figure 25 1lluatratea the suggested =aasential elementa

of a network management system emphasizing the activities
concerned with maintenance, when data iz collected and

recorded.

 E S F TR E R R E RS EREEREIE ST E R RS RN N

» L
= DATA BANK -
- -
--------- > » Forms, Files, Maps, Video # <---------
| = * :
i = Tapea, Photographs » i
I - bt i
! *!II*!ﬂ***iI!I’Q!!!!*!lﬂ!*l'* H
I | !
f i )
| 1 I
Vv v _ Y
CANDIDATE (--==-===-=- COMPARE & DECIDE----------- > CANDIDATE
PROJECT PROJECT
OTHER ) FOR
THAN ROUTINE
ROUTINE MAINTENANCE . MAINTENANCE
I i
i . !
| i
i i
Vv PRIORITY PROGRAMMING v
______________ > i i

(Budget constraints?

ACTION PLANS

ALTERNATIVE STRATEGIES

Fig. 25. NETWORK MANAGEMENT SYSTEMNM.

(From Ralph, Haas and Hudson, 1378.}

38



EXANPLE RATING

Some of the Manhattan streets, as shown in dark in Figure 26.

rated using the form in Table 6 , as an sxample. A detailed view

of each block of 3 rd. Street is shown in Figure 27,

The individual block rating and recommended maintenance is

shown in Tables 7, 8, 9, 10, 11, 12, 13, and 14.

. i Lo L RS
«~ KSU Football ;- - AR % Lt
¢ Stadium a9 Ly D
= I 2
m e . ~
B Z z: af e T
2 iy »: v C
~ = e . Manhattan

-industriat Pa

e B s 3 ET

- TavE
JsdplfOkfﬁﬁwiwhﬂfjﬁi;

el B
q}\, oy
O'QL
2

Fig. 26. PLAN OF SOUTH MANHATTAN. (From Kansas Stats

Univeraity Library, 1978.)
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- { Not to scale ? -
» »
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L | E ]
- RECONSTRUCTION 3] .
- -
% RATED BY ARIF M KAZMI .
- *
I X ETEZ X ET R R R FEENENERERNERRRTE R I N E TR R I CII I IR A

Fig. 27 BLOCKS OF 3rd STREET. MANHATTAN,.

Table 7. Blockwise Pavement Rating.

NAMES OF THE BLOCKS OF PAVEMENT RATING
{( for details see forms

3 rd. STREET MANHATTAN

POYNTZ--HUMBOLDT 32.2
HUMBOLDT--LEAVENWORTH 28,3
LEAVENWO--0SAGE 26.32
OSAGE--FREEMONT 29.4
FREMONT--LARAMIE 22.9
LARAMIE--MORO 34,2
MORO--BLUEMONT 32.6
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The form in Table & represents use of this method.

Table 8 PAVEMENT RATING OR CONDITION FORM.
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The form in Table &

Table 9 PAVEMENT RATING OR CONDITION FORM.
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represents use of this method.
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The form in Table &

Table 10 PAVEMENT RATING OR CONDITION FORM.
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The form in Table & reprasents use of this method.

Table 11 PAVEMENT RATING OR CONDITION FORM,
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The form in Table &

Table 12 PAVEMENT RATING OR CONDITION FORM,.

represents use of this method.
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The form in Table &

Table 13 PAVEMENT RATING OR CONDITION FORHM,

LOCATION__ 3rd Street Laramie--Moro

rapresants use of this method.

(LOW TRAFFIC VOLUMED

HRRBIRARNBRTRR LA RRARRIRRRIRERNRER AR ARBTARARRRRRR ARSI AT RS

@ F ¥ & % % 3 B

»

& & K & B ¢ 9

¥ @

5 & » @

£ & 4 ¥

-
»
-
-
-
-
-
»
»

" - /,f
= T YPE - PAVEMENT CONDIT?/éN
. » RATING v
» DI STRET SS RRERAFARAFRAZRARRRA A RI R AF R R AR
» = 0-~1,7 #» 1.8--3.5 « 3.6--5
FFFARARARERIADRRBAPADIRIRAAAADRAIAARIA AR AR IR IR ARARIREIRIAS R A AN SN SR A 4 4 ®
- = » - »
] s - - . » 3;5 * .
= U b ALLIGATOR * * .
- R » - _ » 26 - .
« F C = LONGITUDANAL - -
» AR » = = /.8
=« CA + TRANSVERSE .« s 0 -« T
- E C » . * = . »
« K * REFLECTION . — -« /8 . =
* I » ? » »* -
* N = SLIPPAGE & | — - —_— . O
» G - - = =
R R N P L T L L Ty yregeae
» S = RUTTING » — . = 25 S
= U D » » - -
2 R I » T m » ZG »
« F ST = SHOVING,CORRUGATION . & ’ .
= A T I = - - *
= C O Q = » = =
* ERN = FROST HEAVE s — . . O
L R R e R E L L L L E T T arapa ey
*SD = POTHOLES o 54 R
= U E * » - »
= R F » RAVELING - - Jdo YR
= F E - » * =
= AC = BLEEDING . — = - s O
»= CT » » - -
»ES = POLISHED AGG. = . . FE
AL E R R R R R R R T T T T T R T T T T L L T LT LW I arapr g vu ooy
IF4.2
BETHLE  HOIRE o mrrrmmmm e o o e
INTERPRETING THE PhVEHENT RATING
744,
°~~ ----- ~~~qqq~~~q~-2° --------------------- 30‘ - i -2 s o w“ — - Z
"RECONSTRUCTION SURFACE RESTORATION /hOUTINE MAINTENANCE



The form in Table & rspresents use of this method.

Table 14 PAVEMENT RATING OR CONDITION FORM.
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R E P A I R M E T H O D S (2 (3 {7
The next step is to identify the maintenance or the repair
methods to be undertaken for maintaining the pavemrent under

desired serviceability conditionsa.

This study of guoted references describes repair methods in a
step-by-step procedure. Alsc included are the recommended crew
size, equipment, and material required to accomplish the work and
a suggested production rate for performing that type of - repair.
The crew and eguipment regquirements, material reguirements and
performance standards conform to past experiance and observation
of maintenance works being done by various agehcies.

Each of these repair methods is provided only as a recommendaticn
for correcting a given distress. It is recognized that factors
such as availability of manpower, equipment and size of the area
to be repaired depends on each individual situation. Ffurthermore
the procedures given represent typical, commoniy used methocds of

accomplishing the repair. If followed. they should oprodus

0l
I/}

satisfactory results for the deficiencies indicated.

Variations from the indicated procedures do exist and can be used
where previously proven successful. The probable effectiveness of
any repair depends on traffic conditions and climatic factors as
wall as repair methods, so it is not possible te oredict =he
efficiency of any method as to the length of times before fur+ther

repairs are required.

8



Preferably, maintenance work ahould be done during warm (<5
degree farenheit or above), and dry weather, A cammonrqoal should
alsc be to minimize disruption of traffic flow while providing
maximum safety for the public and the mainteance crew. Procedures
for controliing traffic are contained in the Manual of Uniform

Traffic Control Devices ( MUTCD )., {(4)

Table 15. SUGGESTED REPAIR METHODS (From The Asphalt Institute,

1983, and Russaell and Scheler, 1384.)

C R A CK T I LLINTG W ITH ASPHALT

(For low to medium severity distress in routine maintenancs.?

Regquired for: (i) Longitudnal cracks.
(ii? Reflection cracks,
(iii?l Cther Surface cracks.

Crew reguired:

Laborers 2
Flagman 1
Truck Driver 1

Equipment requiread:

Asphalt Kettle 1
Dump Truck 1 )
Air Compresscr 1

Material reguired:
Liguid asphalt
Fine sand
Daily production per crew:

About 3000 linear feet of cracks.
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Repair proceduresa:
(i) Place signs and other safety control devices.
(ii> Clean cout crack with stiff broom and compressed air.
(iii? Fill crack with liguid asphalt using a pouring pot and
a sgueege. Do not overfill and cause excess asphalt on
surrounding pavement.
(iv} Sprinkle surface with dry sand to prevent pickup Dby
traffic.
{(v) Clean up the area and remove signs.
DEETP PATCHTINGEG W ITH PREMTIZX

{For medium to high
Required for (i)
(iid
(iii)
(v)

Crew Reguired:

severity distress

Alligator Cracks
Slippage Cracks
Potholes
Edge failures
Equipment UJperator
Truck Driver
Laborers
Flagman

50
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Eguipment Reguired:

Dump Truck ’ 1
Portable Roller 3
Asphalt Kettle 1

Gradall or Front end
Loader (For larger works) 1
Mechanical Saw 1
Air Compressor 1
Motor Grader {(large works) 1
Material Regquried:
Hot premix asphalt concrete.
Liquid asphalt tack coat.
Base material and underdrain pipe if required.
Daily production per crew:!
About 20 tons of asphalt concreste or more
when equipment is used.
_Repuir Proceduré:

(i) Place signs and other safety control devices as

KA
[}
H

Manual of Uniform Traffic Controcl Devices.,
(iid Break out and remove old pavement. Cut vertical edges
six inches outside the distressed area on all sides.
Make cuts sguare with roadway centerline.
(iiid Install underdrains if required.
(iwvd Replace unsuitable base material., if reguired. sgrade
and recompact new base material.
(v Apply light and even tackcocat of heated asphalt 2o the

vertical aides of the area.
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(vi)

(viid

(viii)

Place premix (preferably hot or warm) into the area fron
sides to center. using a motor grader or by hand in case
of small sized arsa under repair. Spread material in
layers not exceeding three inches in thickness. Hand co-
mpact or rell each layer before applying another laver.
During compaction of the final layer check the surface
with a straight edge to assure that it is levelled and
flush with the adjacent surface.

Clean up the area and remove all signs.

LLING WITH PREMIZKX

(For medium to high severity distress for an overlay).

Required for : (i) Rutting,

Crew reguired !

(ii)d Corrugations.
Ciii)- High cracking and all other failures.
(iv) Asphalt bleeding and polished aggregates.
Equipment operator 1l
Truck drivers 2
Rakemen 2
Laborers 2
Flagman 1
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Egquipment Reguired:

Material

[}

Dump Trucks

Distributer Truck 1
Roller il
Power broom 1
Motor Grader and/or 1
Aaphalt Spreader 1

{ for large works?
reguired:

Hot premix asphalt concrete

Liquid asphalt tack coat

Daily production per crew:

Repair
(i)

(iil

(iii)

Civ)
(v
(vii)
(viiis

(ix)

About 200 tons of asphalt concrete,

procedurss:

Place signs and other safety contreol deviceé.

Repair and clean the existing surface according to
the procedures defined above.

Apply light uniform tack coat material covering entire
surface to receive levelling coursse.

Spot dump premix from trucks along arsa to be levelled.
Spread premix with motor grader or apn asphalt spreader.
Roll sach layer immediately after spreading.

Clean loose material from roadway with power broom,

Clean up the area and remove signs.
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CONCL.USTON AND RECOMMENDATIONS

The study has been focused to identification and evaluation of
distress in asphalt pavements and shows some preventive repair
methods, It is also directed primarily to repairs for roads or
streets within a City or County juridiction. Review of literature
and some field inspections under this study indicate that there
are no miracle methods, materials, or machines available that by

themselves constitute a breakthrough " in current maintenance
practice. The examination however emphasizes that in all cases of
pavement distress, it is best to determine first the causes of

the distress. Then repairs are made which correct the damage

and also prevent or retard its happening again.

Some of the key recommendations are:

# Improved management can produce better and more eifirient
results. NCHRP Report Number 161 states that non-productive time
in maintenance coperations averages 58 percent. On the other hand
technical gains tend to be relatively perishable since technology

is continually changing.

# Expected longevity and guality of the work shouls be
determined before the repair site is occupied. A plan of action
reviewed before starting a job, eliminates lost on-site

instructional time and helps avoid logistical problems.
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® The special traffic safety crew should preplan the +raffic
safety contraol effort and arrive on-site befors the maintenance
forces. Complete sets of signs and eguipment for traffic
control should be prepackaged on trucks for maintenance prolects
in a manner that facilitates their rapid removal and correct
placement on the highway. Portable crash cushions trailiered
behind shadow vehicles are an improvement in traffic control at
maintenance sites. The cushions provide protection to maintsnance

crew vehicles that are vulnerable to rear end coliisions. Sinagl

D

|

individual responsibility should be set up for prosect traffi

control.

= Economy of providing whatever material and egui

'ty

ment
is necsssary to achieve the most rapid respair possible and reduce
the time of roadway occupancy, becomes obvious when user dalay
costs are examined. An unpublished report on, “"Improved methods
for patching high volumse roads™ by Byrd, Tallay, HMaclonald &
Lewis, states that a one lane closﬁre-for an seight hour workday
on a four lane highway with an ADT of 8000 vehicles wiil cost

the motorists approximately $183500.

= Cutting out is the slowest and most =ime consuming

operation during maintenance jJobs. Milling machines cut faster
and smoother. The above mentioned unpublished report aliso statss
that chemical additives to ceold patch material require lit%tls
preparation of the disinteqrated area, and also recuire little

or no compaction.
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» Pavement heaters using propane or infirared heating are
proving useful for repairing potholes, removing pbumps, Solving
shoving problems, making crack repairs, and for use where
additional new patching material may be hard to find.
Commercially available fiber glass cloth patching strips. used to
prevent reflective cracking from coming through patches, has also

proved effective.

[

(=}

H,

In short the agencies obtaining good results are lowing
standard repair methods but are doing the jJob better through
careful distress identification by gualified engineers, and
repair by trained and experienced workers. Too often some
agencies or departments ignore these methods due to pressure to
repair quickly and cheaply. The folly. of these exceptions is

readily apparent in late winter or early spring when repair work

fails in a short time and has to be done over.
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H B S T R A © T

Maintenance is needed on asphalt roads when distressed cavement
areas constitute a hazarad to public safety or cause gMuressive
damage to vehicles. Maintenance on roads is defined as
preventive measures to kesp the road pavement, under normal
conditions of traffic and neormal forces of nature, as nearly as
possible in its as-constructed condition or weork performed Lo
restore it to good condition.

Under these circumstances, repair is5 essential to hold down the
substantial increased costs to the public to keep the distressed

area from becoming larger and meore costly to repair,

In response to the problem of providing maintenance, on a
systematic rational basis a study entitled ™ AN EVALUATICN JOF
DISTRESS IN ASPHALT PAVEMENTS AND SOME PREVENTIVE MEASURES " was

initiated.

i

Under this study, a literature search was conducted o

Hy
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be
pertaining to pavement distress, its evaluation and case hiszary
reports of pavement maintenance works. The informaticon presented
consists of survey of different types of distress and roughness
in asphalt pavements, development of & survey to cobtain data Zor
computing the Present Sefviceability Index (P S5 I) ailong the
project. The method develops a simple and economical procesdure
for rating of pavements at a small city or at the county level,
it identifies present repair practices and concludes with some
suggested improvements in the methods currently used by highway

r

maintenance agencies.



