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STATE MANAGEMENT SYSTEMS: Pavements

National Perspective on
Pavement Management

B ¥4

he nation's highway network

represents a multibilhon dollar

investment that allows for the

essential movement of people
and goods.

Sound decisions on preventive mainte-
nance, rehabilitation, and reconstruction
of lughway pavements are crucial to pro-

_tecting that investment. For this reason,
Pavement Management Systems (PMS)
have become increasingly important and
are now federally mandated on ail Fed-
eral-aid highways. PMS provide valuable
assistance to decision makers in deter-
mining cost-effective strategies for pro-
viding and maintaining pavements in ser-
viceable condition.

History of PMS

Unlike other management systems that
have begun (n recent years. PMS were
started two decades ago. Although they
have made steady progress since that
time. they are sull new compared with
other tnstitutional functions such as plan-
ning. design, construction, maintenance,
and research.

By the mid-1980s BMS were proving

themselves and the benefits were being

documented. By the end of the 1980s

Frank Botelho is Chief, Pavement Manage-
ment Branch, Federa!l Highway Adminis-
tration.
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more than half the states were developing
or implemenung PMS. In 1989 the Fed-
eral Highway Administration (FHWA)
1ssued a policy requiring all states 1o have
a PMS that would cover pancipal arterials
under the states’ junisdiction. [t was there-
{ore apparent 1o FHWA that a PMS was
needed by all to ensure the cost-effective
expenditure of Federal-aid funds.

The scope of federal and state involve-
ment in PMS expanded when Congress
passed the Intermodal Surface Trans-
portation Efficiency Act of 1991 (ISTEA)
and required all states to have a PMS that
covers all Federal-aid highwhys. The most
significant aspect of this law was the
expanded network coverage. FHWA's
1989 policy covered 313.700 centerline
miles and ISTEA approximately tripled
that coverage, increasing it to 916,200
centerline miles. This expanded coverage
translates into a need for significant coor-
dination among state and local govern-
ments. For example, of the total of
916.200 miles covered, 365,200 are under
local jurisdiction.

In December 1993, FHWA issued a reg-
ulation covering all management systems.
Section 500, Subpart B, of the regulation

.describes the ISTEA requirements for PMS.

The following items are noteworthy:

- 1. The regulation is nonprescriptive;
2. Federal-aid funds are eligible for the
development, implementation, and an-
nual operation of a PMS;
3. States must develop their work plan
by October 1994, designed to meet the

implementation requirements;

4. Standards are included for the
Nauonal Highway System (NHS),

5. The PMS for the NHS must be fully
operational by October 1995,

6. The states have full flexibility to
develop the standards for the PMS that
cover the non-NHS routes;

7. The PMS for non-NHS routes must
be fully operational by October 1997: and

8. PMS infermation must be used as
input into the development of the metro-
politan and statewide transportation
plans and improvement programs.

Section 500.207. PMS Components,
contains the components of a PMS for
highways on NHS. There are three pri-
mary components: data collection, analy-
ses, and update. The components under
data collection include

1. Inventory: physical pavement fea-
tures including the number of lanes,
length, width, surface type, funcuonal
classification, and shoulder informauon;

2. History: project dates and types of
construction. reconstruction. rehabilita-
tion, and preventive maintenance;

3. Condition survey: roughness or ride,
pavement distress, rutting, and surface
friction;

4. Traffic: volume, vehicle type. and
load data; and

5. Data base: compilation of all data
files used in the PMS.

The components under analyses include
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L Conditon analysis: nde. distress. rut-
ung. and surface fricton:

2 Performance anulvsis® pasement per-
‘ormance analvsis and an esumate of
remaining service life:

3 Invesement analvsis an esumate of
setwork and project ievel investment
~rdtegies
muiti-vear penied anatvses and should
consider life-cvele cost evatuanon:

These inciude ~ingle- and

+ Engtneering analvsis: evaluauon of
destgn. construction. rehabiitation. mate-
rials. mix designs. and maintenance: and

5 Feedbachk unalvars. evaluaton and
updaurny of procedures and cahibraton of
refationships using PMS performance
Jata and current engineering crntena.

Advantages of PMS

A PMS involves a systematic approach that
supplies quanufiable engineenng informa-
uon to help highwav engineers and admin-
1strators manage highway pavements. The
total decision-making process 1s based on
information from PMS coupled with eng-
neenng experience, budget constraints,
scheduling parameters, management pre-
rogatives. public input. political consider-
auons. and planning and programming
factors.

The purpose of a PMS s (o enhance
the wav an agency manages and enyineers
the preservation of its pavement network.
A PMS brings to the table “condiuon
Jata.” the past. present. and predicted
future condition of the pavement net-
work. Coupled with inventory. project
nistory. and cost data. a PMS can perform
a mynad of engineering, management.
and investment analvses.

A PMS helps provide the engineenng
justificaton for a muitivear network-level
pavement preservation program. [t can be
used to measure the cost-effecuveness of the
preservavon program and in doing so it can
determine the value added to the assets.
When all the information in a PMS 1s ana-
lvzed uncluding key ttems such as the
remaining service life). an agency can deter-
mune 1f 1t 1s meenng its own goals. Some
basic quesuons a PMS should answer are

* Is the network in acceptable condi-
uon according to the agency's policy?

¢ Is the trend in condition staving the
same. improving, or declining?

s Is there a backlog, and if so. how
large is i?

A PMS should explore and seize
opportunities to extend the service life of
pavemenis-=a major investment in the

ISTEA requires that states have pavement management systems covering all Federal-aid
highways, many of which are under local jurisdiction.
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future of the nauon s infrastructure Tius
goal can be accomplished by using the
mnformation ina PMS data base 1e per-
formance data) to evaiuate how well
pavements are designed. constructed. and
maintained. The qualiy of engineering
and the matenials used are of the utmost
importance pecause these factors deter-
mune the rate at which pavements deten-
orate. [n general terms. a PMS should
help accomplish work more efficiently
and provide a wav 1o measure how well it
15 carned out.

PMS Perspective

The following 15 an item-by-item perspec-
uve on current practices. future trends,
and common hurdles in PMS.

Inventory ,
Most. if not all, states have an inventory of
the physical features that are on the sur-
face of the pavement (i.e., number of lanes,
length, wadth. surface type. functional cf;
sification, and shoulder informatior.
number of states are lacking informatv
on features that lie below the surface
because of the ime and expense involved
in conng the pavement. The newest
proven technology heing, used by the states
to measure pavemci laver thicknesses 1s
ground-penetraung ~.uar. When calibrated
and using computer ‘nalysis. ground-pen-
etraung radar can measure pavement laver
thickness wathin pius ot minus 5 percent
for matenals that have different dielectnc
constants. State-of-the-art equipment oper-
ates at highwav speeds that makes 1t fast,
safe. and cost-effecuve.

Project History

Most states do not have a complete proj-
ect history (1.e.. prevenuive maintenance.
rehabilitation, and reconstruction data)
for the NHS. Maintenance information is
the weakest link. Most states have
recently developed. or are 1n the process
of developing, a PMS file for creventive
maintenance activities. In casc- for which
it is impracucal to resurrect (7. pavement
history because of time, labor and cost.
agencies are now beginning to track the
project history. ‘



Roughness

The technology for measuring pavement
roughness at the network level generally
began with response-tvpe devices. fol-
towed by ultrasonic and visible opuical
devices The future trend 15 toward
intrared opucal and faser profile devices

Rutung

When PMS was first introduced 15 to 20
‘2ars ago. ruting was measured using
straght edges and stning lines. Dunng the
past 10 vears. most state highway agencies
(SHA) have acquired automated dewvices
that measure rutung at highway speeds.
These are tvpically ultrasonic devices with
erther three or five sensors. There are two
other devices: one has 19 ultrasonic sen-

sors and another has 11 lasers.

Cracking

In general, cracking is the distress that
“drives” most PMS. For many years,
cracks were measured using trained sur-

vey crews who walked or drove on the -

pavement. There are two types of driven
surveys: slow and highway speeds (typi-

cally 40 to 50 mph). Currently, various

SHAs use 35-mm film and super VHS
video to photograph the surface of the
pavement. The film and videos are then
viewed on a monitor at an office work-
station by a trained observer who per-
forms the distress survey.

Viewing a film or video at an office
workstation is safer and more convenient
than conducting a walking field survey.
However, pavement management engi-
neers using walking surveys are able to
detect more low-severity distresses than
they can by watching a film or video sur-
vey because of its limited resolution.

A number of PMS engineers believe the
optimum system is a fully automated
approach that uses the science of pattern
recognition. This type oLsysiem videotapes
the pavement surface, the images
using gray scales and pattern recognition,
and counts the cracks using computer soft-
ware and algorithms. The obvious advan-
tages of this.type of system are high-speed
data processing, safety, labor savings, and
consistent data. Fully automated systems
have now been developed, including one by
the Texas Department of Transporadon.

Pavement management systems provide valuable help in determining cost-effective
strategies for providing and maintaining pavements in serviceable condition.

Structural Carrying Capacity

Oniy 2 handful of states are currently
measuring the structural carrying capac-
ity of their pavements at the network
level using deflection measurements. Net-
work-level measurements are not
intended to have the same degree of accu-
racy as project design measurements.
States that collect nerwork-level data have
shown them to be good general indicators
of the overall carrying capacity of the net-
work. These types of data and analysis
can flag attention to special situations; for
example when certain roads appear to
have less carrying capacity than needed.
Stationary deflection-measuring devices
do not lend themselves to network-level
PMS because the process is siow and
costly. In the future, PMS will need a
deflection-measuring device that operates
at or near highway speeds. The deilection
measurements obtained from a “rolling
deflectometer,” as it is known, and the
pavement layer thicknesses obtained from
the ground-penetrating radar, are used to
compute the structural carrying capacity
of the pavement.

Performance

Most states have the raw data needed to
monttor and predict pavement perfor-
mance, which is typically measured as
condition or serviceability over a period
of time. Currently half the states have
performance curves, one-quarter are in

. the process of developing performance,

and the remainder are not yet active.
Excellent off-the-shelf software packages
that PMS engineers can use for regression
analysts are available. In the future. these
software packages. coupled with today's
high-speed and ever-more-powerful PCs,
will erable PMS engineers to track and
predict performance on a “route-specific”
basis. This capability has already been
proven and put into operation in at least
some SHAs.

Traffic and Load Data v

PMS need average daily traffic flow maps
and equivalent single-axle load (ESAL)
flow maps on a route-specific basis. Cur-
rently all SHAs have traffic flow maps.
However, few SHAs have or can produce
ESAL flow maps. Most traffic-collection
procedures are geared toward collecting
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raffic volumes. which are primaniv used
bv highwav engineers and planners for
capacuy analvsis. Unul PMS-came along.
there was no need to collect raffic data
tor load analvsis on a route-specific basis.
Unforwunatelv for PMS engineers, collect-
ing load data on a route-specific basis s
more expensive than the exisung traffic-
collection process and 1t 1s not known 1f
the additional expense (which has not
been calculated for each state) is jusufi-
able. More study is needed on this topic.
Many PMS engineers and planners believe
that better traffic- and load-prediction
models are needed. ‘

Ranking Projects

The backbone and heart of a PMS is us
ability to rank in priority order pavement
preservation projects that are jusufiable
and cost-effective. The most important
phrase in the new (December 1993)
FHWA regulation on management sys-
tems 1s the requirement that PMS for
NHS produce “a prioritized list of recom-
mended candidate projects with recom-
mended preservauon treatments that span
single-year and muiti-year periods using
life-cvcle cost analysis.” Currently most
state PMS do not produce a multiyear
ranked list of projects with recommended
treatments using life-cycle cost analysis,
but are expected to have this capability in
the future. '

Remaining Setvice Life
Determining “remaining service life” is a

requirement in the new regulation for-

NHS. Currently only 10 SHAs perform
this analvsis, but in the future it is antic-
ipated that most will find this an unen-
cumbered task. It is important to monitor
the long-range health of 2 network and
this analysis enables managers and pro-
grammers to maintain a “steady state” in
their muluyear workload and budget.

Relational Data Base

A PMS cannot automatically, systemati-

cally, consistently, and efficiently function
without a “relauonal data base™ because
the amount and complexity of data cannot
be computed manually for a typical state
PMS. Currently nalf the SHAs have rela-
tional data bases, one-quarter are develop-
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ing them. and the remainder are not active
at the present ume. Given the state-of-the-
art capabihities 1n relauonal data-base
management svstems. 1t 1s antictpated that
most $HAs will have relauonal data bases
in the near future.

Uniformity
Currently there is little-to-no umformuy
among the states in the wav they mea-
sure, collect, and report PMS condition
data. The reason is that all states devel-
oped their PMS independently. This inde-
pendence, of course, has many advan-
tages for designinrg a PMS (0 meet the
needs and objeci 45 of anv agency. But
states are at &4 dizadvantage when com-
municating with =1ch other about basic
conditcn informauon such as roughness,
rutting, and cracking. They will find a
lack of uniformity, which means that they
cannot communicate or help each other
to enhance this area of PMS. Efforts are
under way and accomplishments have
been made by ASTM and the Road Pro-
filer Users Group (RPUG) that deserve
commendation. The other management
systems such as bridge and safety already
have national standards for data collec-
tion and reporting.

PMS will benefit if the 350 states,
Puerto Rico, and the District of Columbia

- agree to adopt more un*' rm methods to

collect and report condit:: n 1ata. Future
efforts by ASTM; RPUG: trategic High-
way Research Program, Long- [erm Pave-
ment Performance; FHWA: and the
American Association of State Highway
and Transportation Officials’ Task Force
on Pavements are aimed in that direction.

In-House and Outside Resources
Pavement management is a procedure
that includes a wide variety of technical
components. Some of these require 2 high
degree of technical skill to develop and
implement, whereas others require a high
concentration of effort to establish. Each
agency should carefully and objectively
weigh its in-house capabilities, and if it
does not have the resources, it should
seriously consider seeking assistance from
a consultant or a university. In the long
run, it will save a lot of time and money
and result in a better final product..

Staffing

The biggest problem the <tates face :n
developing. imptemenuing. updaung, and
operaung a PMS s staffing. There s 4 sig-
nificant shortage of peopie who under-
stand PMS. Once emplovees are trained
and gain suvine expertence. thev are often
promoted or transferred to other jobs. For
the past [ive vears. the annual turnover
rate of state PMS engineers has bee-
approximately 15 percent. The
incentives for early reurements “ave
fueled that rate in the past two vears Uen-
erally. most SHAs have onl. one persen
who oversees the managemen® and dailv
operauon of the compiete PN S program.
and when that person leaves. most often
the PMS shuts down. This suuauon
occurs quite frequently and because of the
current budget constraints and staffing
cetlings tn most highway agencies, it is not
likely to improve. Unfortunately there s
no quick fix to this problem.

Future Implementation of PMS

In gauging the future success of-u
menting PMS as called for in IST.
organizations must first decide whether
they are serious about PMS. If so. and the
commutment is made to do the work. sup-
plv the resources. and use the svstem.
then PMS use 1s hikely to be successful.

Students n the'nation’s colleges and
universities will provide the life blood for
PMS 1n the future. Currently 24 such
wnstitutions offer courses on PMS. but
more are needed. FHWA and SHAs
should support academia in prowviding
more education about PMS and other
management systems.

The largest institutional obstacle fac-
ing PMS today is acceptance by all man-
agers and engineers in all agencies
{(including federal. state, and local). The
reasons for this are many. The future
holds more hard work for those who are
serious about pavement management.
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NOTICE

This paper was prepared in the interest of technology sharing. It
is not intended to be an all-inclusive discussion of the pavement
data collection equipment available today.

The paper is distributed under the sponsorship of the Department
of Transportation. The contents do not necessarily reflect the
official views or policies of the Federal Highway Administration,
and the United States Government assumes no liability for its
contents or use thereof. This paper does not constitute a
standard, specification, or regulation. Trade or manufacturers'
names which appear herein are cited only because they are
considered essential to the objectives of the paper. The Federal
Highway Administration does not endorse products or manufacturers.

Additional copies of this paper are available by contacting:

Federal Highway Administration
Pavement Division (HHO-11)

400 Seventh St. S.W.
Washington, D.C. 20590

Attn: Bob McQuiston

Phone: (202) 366-1337
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AUTOMATED PAVEMENT DATA COLLECTION EQUIPMENT

PAVEMENT MANAGEMENT

Our nation's pavement network, much like the national population,
is growing older. Resources to meet the needs of pavement
preservation continue to fall short of existing needs, and the gap
can be expected to widen as we approach the twenty-first century.

In order to address pavement needs, many agencies have turned
toward a systematic process for Pavement Management. The AASHTO
Guidelines on Pavement Management define Pavement Management as
"the effective and efficient directing of the various activities
involved in providing and sustaining pavements in a condition
acceptable to the travelling public at the least life cycle cost."
Simply stated, the purpose of Pavement Management is to get the
most bang for the buck.

An effective Pavement Management System encompasses many of the
disciplines within an agency's organization. These may include
planning, programming, budgeting, data collection, design, type
selection, construction, materials, research, maintenance,
monitoring, and performance evaluation. The Pavement Management
System draws from these disciplines, providing feedback to assess
the adequacy of important decisions such as selected
rehabilitation alternatives. Through the systematic Pavement
Management System process, the individual disciplines may be
constantly evaluated, refined, and improved.

In order to preserve pavements in a cost effective manner, the
pavement condition for the agency's entire system, or network,
must be known and periodically monitored. The condition of all
pavements deteriorates with time and traffic loading (Figure 1).

Rehabilitation
_-‘\
- AN
% \ . .
- = = = = -« - 2 _ _Acceptable
g Level
A

—_>
TIME ard LOADING

Figure 1 - Pavement Condition vs. Time and Loading
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Following initial construction, pavement condition deteriorates
slowly at first, then more rapidly as load applications are added.
At some time after initial construction, the condition
deteriorates to a minimum acceptable level at which time the
pavement is rehabilitated. The condition is improved to a point
above its minimum acceptable level, depending on the type and
extent of the rehabilitation performed. This process continues
indefinitely for every pavement secticn on the network at varying
rates depending on variables such as design, construction, soils,
materials, drainage, environment, loading, etc.

The minimum acceptable level varies depending on the
classification of the pavement. For example, the minimum
acceptable level for a heavily travelled Interstate facility can
be expected to be considerably above the minimum acceptable level
of a local service road.

If an agency is to make the most effective use of its scarce
resources, then maintenance, rehabilitation, and reconstruction
should be performed at the proper time (Figure 2). As the slope

4 [} 12 "

Figure 2 - Pavement Rehabilitation Cost vs. Time Performed

of the pavement deterioration curve changes from a horizontal line
(zero) to a line approaching vertical (infinity), the incremental
cost to repair an equal number of additional loads increases
considerably. In a very short period of time the cost to
rehabilitate the pavement to an equivalent level of serviceability
may double, triple, or more.

Effective Pavement Management begins with the collection of the
most reliable, consistent, and objective pavement condition data
obtainable. The technological explosion of the past 10 years has
permitted a tremendous improvement in the types, ' accuracy, repeat-
ability, reliability, and degree of automation of available equip-
ment to collect this data. Significant improvements are now being
made annually, and can be expected to continue in the years ahead,
especially in the area of automated crack detection technology.
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CONDITION SURVEYS

Pavement condition data is collected by means of a condition
survey. In past years, condition survey teams, made up of trained
raters, walked or drove along the pavement and recorded
observations of the pawvement condition (Figure 3). On some
networks, this technique is still in use. '

Figure 3 - Condition Survey Team

Depending on the size of the network, one or more teams obtain the
condition data. This data may be collected either for an entire
network or statistically representative samples of the network.
The productivity, accuracy, repeatability, reliability, and
sampling intervals are related to the team's speed and the amount
of data required. The limitation of this type of survey is its
slow speed, the data collected is subjective and often varies from
one observer to another, and the team members are exposed to
traffic. Variations in the data collected inevitably result.

The use of high speed automated equipment is becoming more
prevalent. While human observers are more versatile and creative
than automated equipment, machines are fast, objective, tireless,
consistent, and generally less disruptive to traffic because they
travel at high speeds. Some State highway agencies (SHAs) have
been moving toward automated pavement data acquisition. This
trend is expected to increase in the years ahead.

AUTOMATED DATA COLLECTION

Most SHAs rely on four important pavement condition measurements
to determine priorities for maintenance, rehabilitation, or
reconstruction. These measurements generally include skid
resistance, deflection, roughness, and distress. This paper
provides an overview the state-of-the-art practice in automated
data collection equipment.

The concept of automated collection of these and other desired
data is not a new one. A roughness device was developed as early
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as 1923. The Bureau of Puklic Roads (now the Federal Highway
Administration) standardized the BPR Roughometer, a devise to
measure ride, in 1940. Automated procedures have been used to
measure skid resistance since the 1940's, structural capacity
since the 1950's, and distress since the early 1970's. New
technology has been developed for various uses and is now being
adapted to pavement evaluation. Examples are the use of non-
contact transducers (sonic and ultrasonic probes, incandescent
light, and lasers), ground penetrating radar, stress waves, still
photography, thermal infrared photography, and video technology.
Each of these areas is undergoing continuous change and constant
improvement as more public and private funding is provided to
develop the technology.

A SHA may realize cost and time savings through the proper
selection and application of automated equipment for Pavement
Management. Larger networks may realize greater savings by using
automated devices. The most commonly used devices to collect
skid, deflection, roughness, and distress data, and the equipment
which may be seen in the future is described in the following
sections. Appendix A contains a partial list of the commercially
available equipment to collect pavement condition data.

Equipment for 8kid Data Collection

Pavement skid resistance or surface friction is measured to
evaluate pavement safety. Skid resistance varies with many
factors such as pavement material, texture, aggregate type and
amount of polish, temperature, type and amount of foreign material
such as rubber, o0il, grease, and dust on the pavement surface,
water film thickness, and tire type, condition, inflation, tread
pattern, and material composition.

Pavement skid resistance is usually measured directly through the
use of locked wheel skid trailers. The trailer is towed over the
pavement surface at a speed of 40 mph or higher and water is

applied in front of the test wheel (Figure 4). The test wheel is

~ B

Pigure 4 - Locked Wheel Skid Tester
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locked by a brake, and after it has been sliding along the
pavement for a certain distance the force that the friction in the
tire contact patch produces or the resulting torque on the test
wheel is measured and recorded for a specified length of time.
Either a ribbed tire or a smooth tire can be used to perform the
test. The ribbed tire ‘is insensitive to the pavement
macrotexture, allowing water dissipation through the tire grooves.
The smooth tire is sensitive to the macrotexture.

Standard procedures (ASTM E 274-85) have been developed for the
performance of skid testing with the locked wheel skid trailer.
The result of the test is reported as a skid number. On-board
computers are now being used to record and calculate the skid
number, as well as to plot skid number versus speed, and peak
incipient friction, if desired.

Another device available to measure skid resistance is the mu-
meter (Figure 5).

Figure 5 - Mu-Meter

The mu-meter, like the locked wheel tester is trailer mounted. It
uses smooth tires, yawed at equal but opposite angles to measure
side friction force. Operation procedures are similar to the
locked wheel trailer. On highway pavements the mu-meter may not
provide an accurate indication of the pavement skid resistance due
to the location of the narrowly spaced trailer wheels. The wheel
paths of the mu-meter wheels generally fall between the normal
wheelpaths of highway traffic. The use of the mu-meter has
declined on highway pavements during the 1970's and 1980's.

New methods to improve testing efficiency and reduce skid testing
costs are being studied. Recently completed research indicates
that the spin-up tester may produce accurate results at lower
costs. Like the locked wheel tester and mu-meter, this device is
also trailer mounted. Testing begins following the locking of the
wheels, and continues after the release of the brake until the
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wheels reach full angular velocity. The time interval between the
moment the brake is released and the achievement of full angular
velocity is indicative of the skid resistance of the pavement.

Automated equipment is now available and being refined to measure
or correlate skid data ‘indirectly with lasers and video
technology. Two indirect methods to collect data for skid
correlation are under development. Devises using laser sensors
are capable of measuring the macrotexture of the pavement surface,
which has some influence on skid resistance.

Video technology may also hold promise for the future, but has not
yet been fully investigated in the United States for the purpose
of correlation to skid resistance. A device known as the Yandell
Mee Texture Friction Device is now in operation in Australia. The
device uses a video camera, tracking device, and image enhancement
to capture an enlarged video picture of the pavement surface. An
on board computer collects the data. Software performs a
statistical analysis of the texture, and produces output data on
the locked wheel braking force friction and the sideways
coefficient of friction.

Equipment for Deflection Data Collection

Measurement of pavement structural carrying capacity provides
valuable data for the selection and design of a pavement
rehabilitation strategy. Until recently, deflection was only
collected and used at the project design level, but now several
SHAs collect it at the network level, and the trend in this
direction will probably continue.

Stronger pavements deflect less than weaker ones, and support far
more traffic loadings. Deflection measurements are taken through
the measurement of a deflection basin which is created by
application of a load to the pavement. This load may be applied
in several forms, such as by parking a loaded heavy vehicle of
known axle loading, or by dropping masses onto the pavement
surface. The load applied to the pavement surface creates a
pavement deflection basin (Figure 6). The size, shape and depth
of the deflection basin represents an overall system response of
the paving layers and the subgrade to the known load. When the
load is applied, all layers deflect creating strains and stresses
in the supporting layers.

Differences in the size, shape, and depth of the deflection basin
can be measured both at the surface and the underlying layers.
Deflection will most often be measured at the pavement surface for
network or project level analysis. On some research studies
measurements may be taken at various depths in the pavement
section, such as at the asphalt-aggregate interface, and the
bottom of the subgrade.
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Figure 6 - Typical pavement deflection basin

Many factors influence the measured pavement deflection and
1nterpretatlon of the results requires a thorough ana1y51s. As
the load is increased the pavement deflection will also increase,
but not linearly, since most pavement material properties are
stress dependent. Factors influencing the measured deflection
include the pavement type, stiffness of the pavement/subgrade
system, location of the test, prox1m1ty to joints or cracks,
location of drainage structures, variations in soil composition
and moisture, and voids beneath the pavement structure. Climatic
factors such as temperature, thermal gradients, moisture, and
depth of frost greatly affect the results, as does the season of
the year in which the tests are taken. All deflection data should
be adjusted to a constant temperature and season prior to plotting
or use. Proper procedures must be followed for temperature and
seasonal corrections to obtain reliable results.

Four classes of equipment exist to measure deflection: static
deflection equipment, automated beam deflection equipment, steady-
state dynamic deflection equipment, and impulse deflection
equipment.

Static deflection equipment

Static deflection equipment is used to measure the deflection of
the pavement to slowly applied loads. The most commonly used
static deflection device is the Benkelman Beam, a 12-foot beam
pivoted at the third point. The pivot provides an 8-foot probe
with the extreme tip resting on the pavement and supported by the
pivot point. The rear end is a 4-foot cantilever beam which moves
upward when the pavement deflects downward. The basic components
are depicted in Figure 7.
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Figure 7 - Basic Components of the Benkelman Beam

The device uses a loaded truck to create the deflection. A dial
indicator rests on the rear end and measures this movement.

The only measurement recorded with the Benkelman Beam is the
maximum rebound deflection. The limitations of the device are
insuring that the front supports are not located within the
deflection basin, the inability to determine the shape and size of
the basin, and poor repeatability of the results. Due to these
limitations the SHAs are moving away from the static devices and
toward other types such as the impulse deflection equipment.

Other devices in this category are the Curvature Meter and the
Plate Bearing Test equipment.

Automated Beam Deflection Equipment

Equipment which automates the Benkelman Beam process is placed in
this class. 1Included is the La Croix Deflectograph which has been
used widely in Europe and other parts of the world, and the
Travelling Deflectometer which is used by the California
Department of Transportation.

Steady-State Dynamic Deflection Equipment

Steady-state dynamic deflection devices place a static preload on
the pavement surface. A steady-state sinusoidal vibration is then
induced in the pavement with a dynamic force generator. The
advantage of this type of equipment over static equipment is that
a reference point is not needed. An inertial reference is used
and the change in deflection can be compared directly to the
magnitude of the dynamic force. One of the limitations of this
type of equipment is the use of the static preload. This load is
relatively large in comparison with the maximum peak to peak
loading. The most commonly used steady-state dynamic deflection
devices are the Dynaflect and the Road Rater.
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Dynaflect - The Dynaflect (Figure 8) was one of the first
commercially available steady-state dynamic deflection devices.
It is trailer mounted, and can be towed by a standard automobile.

Figure 8 ~ Dynaflect

The Dynaflect applies a static weight of 2000 to 2100 pounds to
the pavement while the dynamic force generator produces a 1000-
pound peak-to-peak force. Deflection is measured using five
velocity transducers (geophones). The transducers are suspended
from a placing bar which is normally placed in the center of the
loaded area and at one-foot intervals away from the load

(Figure 9).
LN N
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Figure 9 - Schematic of the Dynaflect in testing position

The device is moved to the test point and the loading wheels and
geophones are hydraulically lowered to the pavement surface. The
device is then moved to the next site on the loading wheels. The
limitations of the Dynaflect are the maximum peak-to-peak loading,
which is limited to 1000 pounds, the inability to vary the load,
and the fixed frequency of the loading, which cannot be changed.
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Due to this limitation this device may be inadequate to evaluate
thick pavement sections and other devices with heavier loading
systems should be considered.

Road Rater - The Road Rater (Figure 10) is the second type of

L 4
‘i

Figure 10 - Road Rater

commercially available steady-state dynamic deflection device.
Three models, which vary in the magnitude of the applied load are
available. The static load is applied to the pavement surface
through a steel plate. The dynamic force generator produces a
peak-to-peak force which is one-half the magnitude of the static
preload. The amplitude and the frequency can be altered. This
allows different dynamic peak-to-peak loadings ranging from 1000
to 8000 pounds. The loading frequency can be varied between 5 and
70 cycles per second. Three sensors are attached to an arm
trailing the loading plate, with an additional sensor in the
center of the loaded area.

Testing starts by moving the device to the test point, and
lowering the test plate and the sensors to the pavement surface.
A test run is performed at selected loads and frequencies, the
loading plate and sensors are lifted from the surface, and the
device is moved to the next site. The limitations of this device
is the limited load level for the lighter models, and the
requirement for a heavy static prelocad for the heavier models.

Other Steady State Deflection Equipment - Other devices in this
category include the FHWA Thumper, a custom-built device that can
perform static, dynamic, or intermittent pulse loading, and other
custom-designed dynamic deflection devices.

Impulse Deflection Equipment

These devices deliver a transient force impulse to the pavement
surface. They use a weight which is lifted to a specified height
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on a guide system, and dropped. The falling weight strikes a
plate, which transmits the force to the pavement. By varying the
amount of weight and the drop height, the impulse force can be
varied.

The advantage of the impulse type equipment is the ability to
model a moving wheel load in both magnitude and duration. The
resulting deflection closely simulates deflections caused by a
moving wheel load. The impulse equipment has a relatively small
preload compared to the actual loadings. The preload prior to
releasing the weights varies with the equipment. It is usually in
the range of 8 to 18 percent of the maximum impulse load which is
9,000 to 24,000 pounds. The preload during the period the weights
are dropping is normally in the range of 5 to 14 percent of those
same maximum impulse loads.

Dynatest Falling Weight Deflectometer - The most widely used
falling weight deflectometer (FWD) in the U.S. is the Dynatest
model 800C FWD (Figure 11). The system is trailer mounted and can

Figure 11 - Dynatest Falling Weight Deflectometer

be towed by a van or pickup truck. Its impulse force is created
by dropping weights from different heights. By varying the drop
height and weights, a force range of 1,500 to 24,000 pounds can be
developed. The load is transmitted through a rubber buffer system
and an 11.8 inch diameter loading plate to the pavement. The
deflection basin is measured using up to seven velocity
transducers which are mounted on a bar and lowered with the
loading plate to the pavement surface. The device is moved to the
test site, and the loading plate and transducers are lowered to
the pavement. A test sequence is completed using a number of
drops at each selected drop height. The loading plate and sensors
are then hydraulically lifted, and the FWD is moved to the next
site.
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Other Impulse Deflection Equipment - Other devices in this
category include the KUAB and the Phoenix FWDs. Both are trailer
mounted and are operated in a similar manner to the Dynatest FWD,

using various combinations of number and size of weights and drop
heights.

A summary of the most commonly used deflection devices and their
various measurement properties and features is contained in
Table 1. The most important limitation of current deflection
equipment is the inability to collect the data at high speeds.
Stops must be made at each test location, requiring the
maintenance of traffic. Developmental efforts are underway to
automate deflection equipment to reduce traffic conflicts. Again,
it should be emphasized that pavement deflection data should be
used carefully. Appropriate correction factors for temperature,
moisture, time of season, test location, etc. must be applied in
order to produce meaningful data. Proper use of this very
important data can yield effective information for the design of
pavement rehabilitation strategies.

TABLE 1 - DEFLECTION EQUIPMENT

..........................................................................................................................

| DEFLECTION | PRINCIPAL | LOAD ACTUATOR |STATIC WE =4T| TYPE OF LOAD | RELATIVE |  DEFLECTION |NUMBER OF |
| DEVICE | OF OPERATION |  SYSTEM | ONPLATZ | TRANSMISSION |  cOST } MEASURING SYSTEM | SENSORS
D el L L LT T P RT P TR T P PT PP PR PERI
| Benkelman | Deftection | Loaded | | Truck | | Dial |

|  Besm } Beam | Truck Axle | N/A | Wheels | Ext. Low | Indicator | 1 '
e f-ememeemsenene e foeseseaeees foeseemeueneennea f-eeemeeees femeacanasaneeanens R
| | Steady State |  Counter | | 1o UrethaneCoated | | Velocity | |
| Dynaflect | Vibratory |Rotating Masses| 2100 | Steel wheels | tow |  Transducers ! 5 {
roreeeeecaces f-oveeeeasesens |roeseececeenes [--eecenseeces fromseeearaeeaces fooeeemeaees e M
|  Road | Steady State | MWydraulic | *2,400 to | *Two rectangular | | velocity | |
| Rater ] vibratory |Actuated Masses| 5,800 lbs. | or 1 round plate |Low-Medium | Transducers } 4 :
R f-oneanesserenss [-reemeeeneaenes foreemnonenens e [--mmemees T R
‘ KUAB | | Two Dropping | | Round | |seismic Deflection | |
i FWD } Impulse |  Masses | N/A ] Plate | Medium |  Transcucers } 5 =
|--eoneeenss [ooerseacnseses frovenensmenense R o foreemnneon- e Mt
jpynatest 8000] | oropping | | Round | | Velocity } |
{ FWOD ! Impulse |  Masses i N/A i Plate |Medium-#igh|  Transducers | 7 i
|-esoeeeenes f-onvemrenmncans [-osemnesmrmenns [emeeeeeneens O formeenenens i R
| La Croix | Mechanized |Moving Weighted| ] Truck | . |1nductive Displace-| ]
|Deflectograph |Deflection Beam| Truck | N/A { Wheels | Ext. High | ment Transducers | 2 |

................................................................
..........................................................
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Equipment for Roughness Data Collection

Over a period of time all pavement surfaces become increasingly
rough. Ride quality, a subjective evaluation of pavement
roughness, may be evaluated through the use of rating panels
(which may be part of the condition survey team), or through the
use of manually operated or automated equipment. Other equipment
may be used to objectively measure roughness. In terms of
pavement profile, roughness can be defined as the summation of
variations in the surface profile of the pavement. This pavement
roughness consists of surface irreqularities with wavelengths and
amplitudes ranging from fractions of an inch to several feet. The
measurement of pavement roughness corresponds to the measurement
of the actual pavement profile or the measurement of the response
of a mechanical system to the profile.

Knowledge of the extent of pavement roughness is essential since
roughness often provides some indication of a pavement's need for
maintenance, rehabilitation, or reconstruction. Roughness is also
one of the primary criteria by which the public measures the
credibility of an agency that manages pavements. FHWA considers
roughness data collection to be of vital ::zportance in the
assessment of pavement condition. The States will be required to
have automated calibrated equipment operational for the collection
of Highway Performance Monitoring System data by the end of 1989.

Equipment for roughness survey data collection may be broadly
categorized into 4 categories, the relative degree of automation
and complexity of which increases in the order listed:

® Rod and level survey-including the Dipstick Profiler,
e Profilographs,

® Response type road roughness meters (RTRRMs),

® Profiling Devices

Each category has its advantages and limitations, and selection of
appropriate roughness equipment should be made following a careful
assessment of the primary purpose for which the equipment is to be
used, and an analysis of the advantages and limitations of each
device. One of the most important considerations in selection of
a roughness measuring device is the tradeoff between the
relatively low initial and data collection costs of devices such
as an RTRRM, versus the frequent need to calibrate the device.
Other tradeoffs must also be carefully considered.

Laser devices may also be used to measure pavement roughness.
Since the laser can also be used to measure other pavement
parameters, its use will be discussed in the section "Equipment
for Distress Data Collection".
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Rod and level Survey and the Dipstick Profiler

Rod and level surveys provide an accurate measurement of the
pavement profile. The use of the rod and level survey for network
or even large project survey data however, is impractical and cost
prohibitive. A first-step automation of the rod and level survey
which may be used to collect a relatively small quantity of
pavement profile measurements is through the use of the Dipstick
Profiler (Figure 12).
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Figure 12 - The Dipstick Profiler

The Dipstick Profiler consists of an inclinometer enclosed in a
case supported by two legs separated by 12 inches. Two digital
displays are provided, one at each end of the instrument. Each
display reads the elevation of the leg at its end relative to the
elevation of the other leg. The operator then "walks" the
dipstick down a premarked pavement section by alternately pivoting
the instrument about each leg. Readings are recorded sequentially
as the operator traverses the section. The device records 10 to
15 readings per minute. Software analysis provides a profile
accurate to plus or minus 0.005 inch.

A common application for the dipstick is to measure the profile
for the calibration of RTRRMs. A strip can be surveyed by a
single operator in about one half the time of a traditional survey
crew.

Profilographs

Profilographs have been available for many years and exist in a
variety of different forms, configurations, and brands. Due to
the design they are not suitable for condition surveys. Their
most common use today is for portland cement concrete pavement
construction inspection, control, and acceptance. The major
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differences among the various profilographs involve the
configuration of the wheels and the operation and measurement
procedures of the various devices.

Profilographs have a sensing wheel, mounted to provide for free

vertical movement at thle center of the frame (Figure 13). The
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FPigure 13 - Profilograph Layout (California type Profilograph)

deviations against a reference plane, established from the
profilograph frame, is recorded (automatically on some models) on
graph paper from the motion of the sensing wheel. Profilographs
can detect very slight surface deviations or undulations up to
about 20 feet in length.

Response Type Road Roughness Meters

The third category of roughness data collection equipment is the
response type road roughness meters. This category includes such
devices as the BPR Roughometer (Figure 14), the Mays Ride Meter
(Figure 15), and the PCA Road Meter. RTRRMs have been used for a

Figure 14 - BPR Roughometer
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Pigure 15 - Mays Ride Meter

number of years and are currently the most widely used roughness
data collection device in the United States. Their primary use is
for network level roughness data collection.

Road meters or RTRRMs measure the vertical movements of the rear
axle of an automobile or the axle of a trailer relative to the
vehicle frame. The meters are installed in vehicles with a
displacement transducer on the body located between the middle of
the axle and the body of a passenger car or trailer. The
transducer detects small increments of axle movement relative to
the vehicle body. The output data consists of a strip chart plot

of the

actual axle body movement versus the time of travel.

The advantages associated with the use of RTRRMs are:

The initial and operating costs are low.

Reasonably accurate roughness data is provided if the
device is properly calibrated.

Reproducible results may be obtained when the device is
properly maintained.

Data can be collected at high speeds, i.e. 50 mph.
Efficiency--numerous pavement sections can be evaluated in
a relatively short period of time.

In spite of the advantages of RTRRMs, there also several
limitations:

® Response type equipment records the dynamic response of a
mechanical system travelling over a pavement at a
constant speed. Therefore, the characteristics of the
mechanical system and speed of travel affect the
measurement.
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e RTRRMs measure a dynamic effect of the roughness but do
not define the profile of the pavement.

e In order to provide accurate, consistent and repeatable
data, the device must be frequently calibrated, through a
range of operating speeds, against sections of known
profile, rangihg from very smooth to very rough. The
annual costs of the calibration checks can be quite high.

e The vehicles in which the RTRRMs are installed contribute
many potential sources of variation including rear
suspension damping, tire nonuniformities and inflation
pressure differences, and vehicle weight changes.

® Due to the variations of the various mechanical systems
of RTRRMs, comparability of data among users with the
same user, or with the same device is difficult, unless a
common standard roughness index is used.

Several standard calibration procedures have been developed for
the RTRRMs which are in use today. Careful operating and
maintenance procedures should be followed, including frequent and
precise calibrations, in order to improve device accuracy and
consistency. The degree of accuracy desired in the calibration of
RTRRMs ultimately depends upon the proposed use of the data being
collected.

RTRRM systems are adequate for routine monitoring of a pavement
network and providing an overall picture of the condition of the
network. The output can provide managers with a general
indication of the overall network condition and maintenance needs.

Profiling Devices

Profiling Devices are used to provide accurate, scaled, and
complete reproductions of the pavement profile within a certain
range. They are available in several forms, and can be used for
calibration of the RTRRMs. The equipment is expensive, with
complexity increasing depending on the types and number of
transducer sensors contained on board. Three generic types of
profiling systems are in use today:

e Straight edge
® Low speed systens
® Inertial Reference Systems

The simplest profiling system is the straight edge. Modifications
to the straight edge, such as mounting it on a wheel are very
popular (profilographs). Low speed systems such as the CHLOE
profilometer (Figure 16) are moving reference planes that have
little or no dynamic effect due to their low speed. The CHLOE is
a long trailer that is towed at low speeds of 2 to 5 mph. The
slow speed is necessary to prevent any dynamic response
measurement during the readings. The device measures the
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Figure 16 - CHLOE Profilometer

difference in slope between a small arm with two wheels and a
trailer frame with 2 larger wheels. A few agencies still use the
CHIOE to calibrate their RTRRMs.

Most sophisticated road profiling equipment uses the inertial
reference system. The profiling device measures and computes
longitudinal profile through the creation of an inertial reference
by using accelerometers placed on the body of the measuring
vehicle to measure the vehicle body motion. The relative
displacement between the accelerometer and the pavement profile is
measured with either a "contact" or a "non-contact" sensor system.

The earliest profiling devices used the contact system to measure
the profile. The contact system uses a mechanism in direct
contact with the pavement. Several contact systems have been
used, and are still in use today. The French Road Research
Laboratory developed the Longitudinal Profile Analyzer (APL) in

1968 (Figure 17).

Figuté 17 - Longitudinal Profile Analyzer
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"The APL consists of a specially designed single-wheel trailer and

electronic data and measurement monitoring equipment. The trailer
is pulled at a constant speed by a towing vehicle which contains
the electronic equipment. The APL measures pavement profile based
on the amplitude of the vertical movements of the follower wheel.
These movements are measured in relation to a horizontal reference

pendulum (Figure 18). As the follower wheel travels over the
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Figure 18 - Longitudinal Profile Analyzer Measurement System

pavement surface the change in the angle between the trailing arm
or rocking shaft and the horizontal pendulum is processed by the
system software into a profile value.

Systems used today in the United States are frequently installed
in vans which contain on board microcomputers and other data
handling and processing instrumentation. Older profiling devices
are usually contact systems, while the more recently manufactured
devices use non-contact sensors. A contact system is depicted in
Figure 19. This system uses a small tracking wheel which
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Figure 19 - Contact Profiling Device
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measures the surface of the pavement. The mechanical systems
experience maintenance problems related to wearing and operation
of the wheel. Recently constructed systems use non-contact
probes, either acoustic or light, to measure differences in the
pavement surface.

Both measure and compute the longitudinal profile through the
creation of an inertial reference plane. An accelerometer, placed
on the body of the measuring vehicle, measures the vehicle body
motion. The relative displacement between the accelerometers and
the pavement profile is measured with the non-contact light beam
mounted with the accelerometer on the vehicle body. The sensor
beam is projected vertically down on the pavement to create a
light "foot print".

Displacement between the vehicle and the pavement surface is
determined by measuring the angle at which the light beam
footprint is viewed by part of the system mounted under the
vehicle and just ahead of the light beam footprint (Figure 20).

Figure 20 - Principle of Operation of a Non-contact
Profiling Device ’

As the pavement surface profile varies, the distance between the
vehicle and the pavement surface changes, and the angle at which
the footprint is viewed also changes. Through the geometry of the
system, this measured angle can be converted to a measured
displacement and used in computation of the profile. Distance
measurements of the position of the vehicle are simultaneously
recorded in fractions of a foot as the vehicle travels along the
roadway. The profile is computed as a function of distance
travelled by an on board digital computer and is saved and stored

for later use.
Profiling devices are capable of providing highly accurate

roughness data and scaled reproductions of the pavement profile.
A summary of the most commonly used roughness data collection
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devices, their measurement principles, relative costs, relative
degrees of accuracy, and current and projected future use 1s
contained in Table 2.

TABLE 2 - ROUGHNESS DATA COLLECTION EQUIPMENT
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PAVEMENT DISTRESS

By far the greatest number of innovations and inventions in the
past 10 years have come in the area of distress data collection
equipment. Devices may soon be available which automatically
collect and reproduce pavement distress information in a form
acceptable for use during pavement rehabilitation -- but we're not

to this point yet.

Before examining equipment available to collect pavement distress
data, we must first stop and try to answer the question "What is
pavement distress?" As elementary as this question may seem, it
has been surprisingly difficult to answer in the past. First, the
pavement type must be known -- is it jointed plain concrete,
jointed reinforced concrete, continuously reinforced concrete,
prestressed concrete, asphalt, an asphalt overlay of the various
types of portland cement concrete, one of the various types of
portland cement concrete over asphalt, portland cement concrete
over portland cement concrete, bonded, unbonded, asphalt over
asphalt, etc. What type of base exists, granular, stabilized,
free-draining, etc? What measurement criteria was used? What
tvpe of distress was noted, what was its extent, and what was its
severity? Each question may generate several others.

Many types of distress have been identified for stabilized
pavement surfaces. Methods have been devised by various agencies
to standardize distress classifications and to automate the
recording, reduction, processing, and storage of the data.
Condition survey manuals which define classifications using photos
and descriptions have been used to minimize discrepancies between
raters. One document which best answers many of the questions
about highway pavement distress is the "Highway Pavement Distress
Identification Manual for Highway Condition and Quality of
Construction Survey". This manual describes 17 or more pavement
distress types for each pavement type. Some procedures use
detailed measurements of the distress to minimize errors.

To simplify this discussion, distress types will be limited to two
very general categories for asphalt pavements -- rutting and
cracking, and one category for PCC pavements -- cracking. Extent
and severity may be dealt with in relative terms. For the extent,
the percentage of the pavement distressed versus the total
pavement length or area surveyed can be used. Severity can also
be handled in relative terms -- light, medium, and heavy.
Numerical parameters can be assigned at a SHAs discretion in order
to classify the distress by extent and severity.

Equipment for Distress Data Collection

The thankless job of collecting pavement distress data by visual
survey is being simplified through the use of current technology.
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Condition survey teams now have at their disposal numerous means
and devices to collect distress data. This list of available
devices is growing each year, and more fully automated processes
are being designed and implemented. Automation of pavement
distress data collection may be categorized into five levels of
automation:

e Improved subjective rating through data entry with
condition rating keyboards or voice activated systems,

e Acoustic systems,

e Laser technology

e Partial objective automation through evaluation of
photographic records, and

e Fully automated processing through digitized reduction
(or other fully automated methods) of video or other
collected images.

Condition Rating Keyboards

The first degree of automation is by data entry with a hand held
computer or data logger. The operator uses a keyboard similar to
an office personal computer keyboard, or another design, to input
observed distress types, extents and severities (Figure 21). The
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Figure 21 - Condition Rating Keyboard

keyboard may be pre-programmed prior to beginning the condition
survey, based on a preliminary assessment of the existing
distress, or through knowledge of the most commonly encountered
distress types. A distance measuring instrument continuously
tracks the location of the vehicle, and interfaces with the data
input to define the location of the recorded distress.
Information collected is stored on a hand held or personal
computer installed in the vehicle, then down loaded to an office
computer.
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Voice Activated Systems

One new technology now being employed on a more limited basis is
the use of a voice activated system. This system provides a
significant advantage over the keyboard since it frees the hands
of the operator. While' at least two raters are required for the
condition keyboard system, the voice activated system requires
just one rater. The rater speaks into a microphone attached to a
headset, and using a voice controlled microprocessor, the
1nformat10n is coded with the location and stored on the computer
in the vehicle. A sound track recording is produced which may be
used with recorded video 1nformat10n, if used. Depending on the
software, the system may recognlze several hundred standard
condition observations stored in the systemn.

Acoustic Devices

Sonic and ultrasonic probes are now being used to a great extent,
to measure profile and rutting. The probes are used as
displacement transducers, measuring the distance to the pavement
surface from an established inertial reference plane of the
vehicle. Any number of transducers may be mounted on the vehicle
or on a bar attached to the vehicle to measure rutting

(Figure 22). The probes generate a short burst of sound waves

Figure 22 - Survey Vehicle with a Rut Bar

which travel to the pavement surface and are reflected back to the
transducer. The elapsed time between the sound generation and the
echo detection is proportional to the distance travelled. The
number of transducers selected should correspond to the level of
detail required. For network level surveys, 3 to 5 points usually
provide an adequate transverse profile. Vehicles have been
manufactured with up to 37 transducers to provide an accurate
cross section of a 12 foot width of pavement.
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The sensors should be used only when the pavement surface is dry,
as the sensors themselves, and the readings may be adversely
affected by moisture. Sound travels comparatively slowly, (about
1125 feet per second through air) therefore the speed of the
survey vehicle has some minor effect on the measurement. Since
the speed of sound is also dependent upon the density and
temperature of the medium through which it travels, air
temperature also affects readings. These effects, however, are
minimal for network level surveys. ‘

The South Dakota DOT (SD DOT) has developed a system, known as the
South Dakota Road Profiler, which uses an ultrasonic transducer,
accelerometer, and an on board computer system to measure, process
and store pavement profile data. A number of other SHAs are also
presently considering manufacture of a system similar to the one
developed by the SD DOT. This system uses an ultrasonic probe as
a displacement transducer. The probe is mounted on the front of
the vehicle and measures the distance from the vehicle to the
pavement surface from an established inertial reference plane. An
accelerometer, mounted near the acoustic probe, establishes the
inertial reference plane by measuring the vertical acceleration of
the vehicle body. An on board computer processes collected data,
storing it on floppy disks. The Road Profiler can also plot the
measured profile.

The advantage of this system is its low initial and operating
cost. The limitations are that the data reported are slightly
less accurate than with the light-based devices, and the data
processing system presently used is not compatible with systems
used by many other SHAs.

An added advantage to the system is its ability to measure rut
depth. By mounting two additional transducers to the front
bumper, rut depth (3 points) can be recorded and used to
supplement the longitudinal profile (Figure 23). Additional

Rut Depth, D = (h;-2h,+h,)

Figure 23 - Rut depth Measurement
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transducers could be added if desired to define a full transverse
profile.

Several of the most recent devices to appear on the market have
used additional transducers to more clearly define the transverse
profile. Some use laséers in lieu of the ultrasonic transducers to
increase measurement accuracy and frequency, or to measure other
pavement parameters such as macrotexture or cracking. A few have
supplemented the existing capabilities with additional devices
such as gyroscopes in order to provide measurements of most of the
pavement features and geometry including roughness, rut depth,
grade, cross slope, and radius of curvature.

Lasers

Light Amplification through Stimulated Emission of Radiation
(LASER) has fascinated man since Albert Einstein's atomic theories
in 1917. Lasers have many applications today; they are used
extensively in science, medicine, industry, commerce,
communications, the military, and in the laboratory. Their useful
purposes are ever growing -- they are used to drill, weld, cut,
scribe, unblock arteries, repair eyes, detect drug concentrations
in body fluids, transmit and print information, improve the
precision of gyroscopes and radar, and track satellites. They
also measure very accurately. Their tremendous potential for
condition survey measurement is just beginning to be tapped.

Lasers are now manufactured in many types, including chemical
lasers, gas lasers, and semiconductor diode lasers. Non-contact
laser transducers measure on the principle of triangulation, most
often using gallium arsenide diode lasers (Figure 24). The laser

Figure 24 - Laser Measurement Principle

transducer is usually mounted directly to the survey vehicle
(Figure 25).
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Figure 25 - Lasers installed on a Survey Vehicle

Lasers can operate either during the day or at night at a
temperature range from near freezing to about 100 degrees F.
During use, the pavement surface should be dry. Lasers possess
special properties which allows highly accurate measurement:

e Intensity - the energy is extremely concentrated, as
opposed to acoustic transducers, where sound waves are
readily diffused

e Monochromatic and Coherent - 51ng1e-colored light is
emitted in a very narrow wave band which is so
organized that it stays in phase over long distances

® Collimated - the light is highly directional and
travels in a narrow cone

~® The energy is generated and reflected back in extremely
short pulses which allows a large number of readings to
be taken over very short distances even at high speeds

These special properties permit detailed, frequent measurement of
the pavement surface characteristics. Lasers are currently used
for longitudinal profile, rut depth and macrotexture measurement.
A method to measure cracking is under development. Roughness can
be measured using the principles described previously. The lasers
pulse at either 16,000 hertz (cycles per seccnd) or 32,000 hertz.
Even at 60 mph a reading could theoretically be taken each 0.00275
inch, permitting a detailed measurement of the pavement surface
texture. 1In years to come the laser may replace the skid trailers
in the search for pavement surfaces with low coefficients of
friction. Experimental efforts using lasers for this purpose are
underway.

Systems in use today employ the lasers in a variety of numbers,
configurations, and locations on the survey vehicle. Similar to
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the acoustic transducers, 3 to 5 lasers mounted across the vehicle
can provide a good transverse profile. Up to 11 lasers have been
used for this purpose. Accurate measurements of slab faulting and
transverse cracking have been recorded; however, longitudinal
cracking is not detectable unless it lies within the small laser
footprint. Rapid raster scanning, or closely bunching lasers,
could provide a solution to this problem. At least one agency is
studylng the possibility of detecting all types of cracking by
grouping several lasers very closely together, and correlating the
measured cracking noted in a small accurately measured area to the
entire pavement surface area. Some manufacturers and agencies are
also experimenting with lasers for use in continuous deflection
devices that will operate at high speeds.

The PRORUT system developed by the University of Michigan for the
- FHWA provides pavement profile and an average rut depth. The
PRORUT is an inertial profilometer which was designed to minimize
the overall costs of the system. The vehicle contains three road
sensors, one in each wheel track and one centered between the
wheel tracks. Two accelerometers are installed in the _
profilometer, one above the road sensor in each wheel track. The
vehicle speed and distance of travel is measured by a pulser
installed in the right front wheel. An IBM-PC serves to control
the system calibration, operation, data acquisition, and data
v.2wing. Four SHAs have recently evaluated the performance of the
PRORUT, and an evaluation report of the findings 1s being -
prepared. The device is shown in Figure 26.

Figqure 26 - PRORUT
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Photographic Evaluation

In the early 1970's two systems were developed that made use of
continuous pavement surface photography. These systems are
currently in use in Europe, Japan, and recently, in the United
States. Cracking and ofher surface distresses are recorded with a
high resolution, continuous pavement surface photographic
recorder. The reccrder uses a 35-mm slit camera mounted on a boom
aimed vertically downward at the pavement surface (Figure 27).

- \
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Figure 27 - Schematic of a Continuous Surface Photography Vehicle

The system synchronizes film speed and camera aperture with the
speed of the vehicle in order to equalize the image density and
photographlc reduction. The camera position relative to the
pavement is fixed (9.5 feet) resulting in a 1:200 scaled photo
reproduction. Pavement widths up to 16 feet can be photographed
in each pass. The vehicle operates at night using controlled
external illumination. The lights are installed at an angle to
the road surface to produce shadows highlighting cracks and other
surface defects. The continuous strip photos are saved as a
permanent record of the pavement surface condition. In the
office, the film is analyzed frame by frame on a film digitizer.
Pavement distresses are measured and recorded into a permanent
file.

One manufacturer also uses a 35-mm pulse camera and a hairline
projector strobe light to photograph rutting wave patterns. The
projected hairline parallels the pavement surface, providing an
accurate scaled measurement of the rut depth. If no rutting
exists and the cross section is uniform, the photographed hairline
is straight. 1In rutted sections the hairline follows the photo-
graphed rut pattern permitting very accurate calculation of the
rut depth. Both the strobe light and the camera trigger at fixed,
adjustable, pre-programmed intervals. The film is then sent for
developing, printing, and plotting of the transverse profile.
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This system is presently the most fully operational, proven system
to measure a wide range of types and severity of pavement
distress. The frame by frame analysis, however, is tremendously
time consuming, adding significantly to the cost of the system.
Efforts to automate the data reduction process are underway.

Video Technology

Nowhere has the effect of the technological explosion of the past
10 years been more apparent than in the area of video technology.
Some agencies have turned to videos to provide permanent records
of the pavement surface and for other purposes. Features such as
identification of signs, utilities, and safety hardware, have been
recorded, as have ongoing construction projects, to provide a
record of the work and traffic controls during periodic intervals
or at key phases of construction.

Videos are replacing the photologging systems in many agencies.
In photo-logging, a 35-mm camera is aimed through the windshield
of a van, photographing the features in the field of vision 100
times per mile. Video cameras may be installed either to
inventory through the windshield, aimed directly down at the
pavement surface, or used in both positions.

Video technology offers several advantages over 35-mm photography.
Relatively inexpensive, reusable, off-the-shelf technology is
readily available. The tape can be replayed in the field where
the quality of the record can be immediately verified.
Replacement parts and equipment can be easily obtained. The
limitation of video is the inferior resolution of the recorded
images compared to photographic records. The resolution gap
between the two technologies, however, is rapidly narrowing.

The addition of condition rating keyboards and on board computer
systems and other instrumentation, allows the condition survey
team to supplement the recorded information with distress
observations.. Review and supplemental input to the permanent
record may be performed in the office, and added to the field-
obtained data. Recent systems have added one or more cameras
aimed vertically at the pavement surface.

Automated Video Image Processing

Video technology has been in use for about 10 years, and
procedures to fully auvtomate the processing and reproduction of
the captured images both in real time (immediately after capture
on board the vehicle) and in the office environment are now being
developed. The automated processing of the recorded analogue ’
images may take several forms.
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Conversion to a digital format suitable for image processing is
presently the most common. The more limited resolution of video
cameras requires use of a very expensive high resolution camera
for the detection c¢f small cracks. The high resolution camera,
however, is often incompatible with available recorders and
digitizing hardware. In order to overcome this shortcoming,
either 2 or 3 cameras mounted closer to the pavement surface, each
covering an area of about 4'x 4' to 6'x 6' are now in use. This
permits detection of small cracks and other surface defects of
about 1/8" in size<. or smaller. Constant, controlled lighting
eliminates the background shadows of passing vehicles and adjacent
structures, and minimizes problems related to the changing of the
angle of the sun throughout the day.

Digitized processing involves one frame at a time analysis of the
recorded analog images. The first step is known as filtering, a
process that removes extraneous information that could be
misinterpretated as distress. Next, the signal is segmented.
Segmentation is based on an intensity threshold and allows the
system to identify distinct objects in the scene. Intensities
based on the gray scale range from 0 (the whitest white) to 255
(the blackest black). Each analogue image is divided into a
matrix of pixels ranging in size from 256 x 256, 512 x 512, or
1024 x 1024, depending on the resolution of the camera. Each
pixel in the matrix is assigned a numerical value based on its
intensity. A small portion (10 x 10) of a typical matrix is
depicted in Figure 28.

In this elementary example, most of the pixels are representative
of the normal pavement surface. Processors apply a statistical
analysis algorithm to the pixel distribution and establish the
range of pixels representing the normal pavement. 1In this case,
values below 107 represented the normal pavement. Values of 107
and above (bold) represent distress, in this case a crack.

i 99 111 103 98 97 100 103 100 101 102 i

| 104 102 110 100 100 104 104 100 102 101 l

| 1l2 114 109 114 99 101 100 96 100 104 |

I 107 112 119 108 111 110 109 111 100 99 |
101 101 98 98 103 104 104 112 115 114

} 97 96 99 100 101 102 100 100 97 95 !
101 104 100 97 99 101 102 98 100 100

= 99 103 103 98 97 100 103 100 101 102 =

[ 95 97 99 104 103 101 102 100 99 98 l

; 104 103 100 97 98 101 102 98 100 100 ,

Figure 28 - A portion of a Pixel Matrix
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The resultant reproduced data output may be represented for the
covered area in a graphic resembling Figure 29.

Figure 29 - Reproduction of Pavement Crack through
Digitized Processing

The-extent and severity can be determined from the matrix and the
power of the software. For a 512 x 512 matrix representative of a
4' x 4' pavement section, each pixel would represent an area of
pavement measuring 0.09375 square inch, or a little less than 1/10
square inch. Three dark pixels side by side would represent a
crack slightly over 1/4 inch wide.

Processors apply software algorithms to identify the edge of the
distress, the perimeter and area, and the distress classification.
Summary information on distress characteristics is stored and used
to create pavement condition summary statistics at intervals
specified by the operator. Ultimately, scaled reproductions of
the data may be produced on maps; the type, extent, and severity
of the distress summarized, and the output used during pavement
rehabilitation.

In a 512 x 512 matrix each image contains 262,144 pixels. In
standard video formats 30 frames per second are recorded,
resulting in the formation of almost 8 million pixels per second.
Assuming 3 cameras are used to record a 12 foot wide pavement
section, with each camera covering a 4 foot width, about 85
billion pixels would require analysis and processing for each mile
of pavement (at 60 mph). Processing obviously requires an
extremely high speed microprocessor. Even with today's high speed
computers, most data is post processed in the office environment
due to the amount of data collected. It is expected that the
technology which will be available in a few years to process even
this vast amount of information in real time. A summary of these
and other distress data collection technologies is contained in
Table 3.
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TABLE 3 - PAVEMENT DISTRESS DATA COLLECTION TECHNOLOGIES
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OTHER TECHNOLOGIES

Other technclogies are also now available and are being used and
developed for the purpose of evaluating pavements. These include
seismic and dynamic test methods, ground penetrating radar,
infrared thermography, slit integration, and flying spot laser
scanners. A few of these technologies are now in use, others are
being evaluated, developed, or refined. A summary of their
respective features is contained in Table 3.

CONCLUSION

Automated processes to collect skid, roughness, and rutting are
now available. Automated equipment to measure cracks, and moving
deflectometers are still in the research and evaluation stages.
Improvements in the ability to collect important pavement data
through equipment automation can be expected to continue.

The technological explosion of the 1980's has been a great benefit
to Pavement Management Systems. Technologies which were only a
theory in the 1960's are now being used on an every day basis.
The rate of development of many of the new and innovative
technologies is expected to continue into the 1990's and the 21st
century. Automated data collection and processing of collected
pavement condition data can provide considerable cost savings to
user agencies, and improve the mechanisms through which agencies
effectively manage their pavements.
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APPENDIX A

LIST OF AUTOMATED PAVEMENT DATA COLLECTION
EQUIPMENT MANUFACTURERS & SUPPLIERS*

Cox & Sons, Inc.
P.O. Box 674
Colfax, CA 95713
(916) 346-8322
Cox RTRRM
Friction Tester

Foundation Mechanics Inc.

421 East El Segundo Boulevard
El Segundo, CA 91245

(213) 322-1920

Road Rater

Infrastructure Management Services
3350 Salt Creek Lane

Arlington Heights, IL 60005

Mr. Robert L. Novak

(312) 506-1500

Swedish Laser RST

690DNC Profilometer

Kokusai Kogyo., Ltd.
Abenatak Corporation
1179 Fernwood Drive
Millbrae, CA 94030
Mr. Taizo Abe
Roadman

MAP Inc.

1825 I Street, NW. Suite 400
Washington, D.C. 20006

Mr. Michael Grippon

(202) 429-2089

Gerpho

Pavement Condition Evaluation Services

1145 Icehouse Avenue
Sparks, Nevada 89431

Mr. Bert Butler

(702) 355-0225

Pavement Distress Imager 1

South Dakota DOT

700 Broadway Avenue East
Pierre, SD 57501

Mr. David L. Huft

(605) 773-3871

South Dakota Road Profiler
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Dynatest Consulting, Inc.
209 Bald Street

P.O. Box 71

Ojai, California 93203
(805) 646-2230

Dynatest 8000 FWD
Dynatest 5000 RDM

Highway Products International
R.R. #1 Paris, Ontario

Canada N3L 3El

Mr. Don Kobi

(519) 442-2261

ARAN & PURD

K. J. Law Engineers

42300 W. Nine Mile RAd.
Novi, Michigan 48050-3627
Mr. Ken Law

(313) 347-3300

8300A Roughness Surveyor
Friction Testers

- MHM Associates, Inc.

1920 Ridgedale Road
South Bend IN 46614
Mr. Jerry Mohajeri
(219) 291-4793

ARIA

PASCO USA Inc.

1-J Franssetto Way
Lincoln Park, N.J. 07035
Mr. Wade Gramling

(201) 628-8433

Pasco Road Survey System

Pavedex, Inc.

N. 800 Hamilton Ave.
Spokane, Washington 99202
Mr. Don Bender

(509) 483-4126

Pavedex PAS I

VideoComp

500 Sawtooth Ave.
Boise, Idaho 83709

Mr. Basil Dahlstrom
(208) 385-1575

Distress Survey Trailer

* This list has been prepared on the basis of currently available informati:
We would appreciate the readers' input if others are known



Novak, R.L., and D.E. Butler, "Lasers as a Tool in Pavement
Evaluation," in Second North American Conference on Managing
Pavements, Conference Proceedings, Volume 3, November, 1987.

Smith, Roger E., Stanley M. Herrin, and Michael I. Darter,
"Highway Pavement Distress Identification Manual for Highway
Condition and Quality.of Highway Construction Survey," developed
for the Federal Highway Administration, March, 1979.

Technical Paper 88-03, "A Selection of Measuring Equipment Used to
Monitor and Enforce Rideability Specifications," Federal Highway
Administration, Pavement Division, 1988.

Zaniewski, J.P., S.W. Hudson, and W.R. Hudson, "Pavement Condition

Rating Guide," developed for the Federal Highway Administration,
Report No. DTFH61-83-00153, September, 1985.

8.2.42



Suoiect

From

To

A} ‘ Memorandum

"Addressing Institutional Barriers to Implementing '

Chief, Pavement Division oty HNG-41

Regional Federal Highway Administrators
Federal Lands Highway Program Administrator

At the recent American Society for Testing Materials Symposium (ASTM) on
Pavement Management, the attached stand-out paper, was given by Professor
Roger E. Smith, of the Texas Transportation Institute. Dr. Smith has given
his permission for us to share his paper with others interested in Pavement
Management Systems (PMS).

The paper addresses institutional barriers to implementing PMS (using the

San Francisco Bay Area Metropolitan Transportation Commission (MTC) as an
example) and 1s not only an excellent description of these issues, but is also
2 perfect lead into the September symposium that we are co-sponsoring with the
I11inois Department of Transportation (IDOT). You may wish to share it with
our divisions and the State highway agencies.

As the States move from development «f their PMS’s into implementation,
success could well hinge on recognition that these barriers exist, and taking
steps to overcome them.
Key issues identified in the paper are:
1. If the PMS is not affecting the ultimate decisions on the highway
agency’s program, then the agency cannot claim to have a PMS
implemented.

2. Many PMS’s are not being utilized to their fullest potential--often
because of surmountable barriers. ‘

3. The most troublesome barriers to implementation of a PMS are people
related.

4. Some of the barriers in capsule are:
8 Fear of exposure - Previous decisions may have been incorrect.

8 Turf Protection - There are formal and informal lines of
communication within an organization that need to be recognized.

9.3.1



(] Qlack Box Syndrome - The PMS is not fully understood, therefore its
products can not be verified.

8 One person show - The champion of the PMS leaves and the system
dies.

§. Some of the concepts to be considered in surmounting barriers are:

8 Innovation - "It is not the actual newness of the innovation but -
rather the perception of newness to the potential adopter that
inflyences adoption and use.”

8 Consider the "Opinion Leader" - Know who they are because
without their support the system will not be implemented.

8 Compatibility - The new system must be compatible with the
existing because a complete overhaul or reorganization is
usually impossible.

8 Trialability - Innovation needs to be adopted in stages. "New
1doas.;hat can be tried on a limited basis are more likely to be
adopted.”®

8 Observability - This is the degree to which results of
innovations are visible to others. If you can show positive
results it goes a long way toward selling PMS.

These are of course, only key paraphrasing of the paper and a full
understanding of the issues requires a complete reading. We recommend
it to all with responsibility for implementa PMS’s,

Louis M. Paget

Attachment
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- Order

US Department
of Transporighion _ Supject
Federal Highway PAVEMENT MANAGEMENT COORDINATION
Administration

Ciassification Coge Date

5080.3 April 15, 1992
Par. Purpose

1.
2. Cancellation .

3. Washington Headquarters Coordination
4. Field Coordination

1. PURPOSE. To provide a forum for coordinating the Federal Highway
Administration’s (FHWA) Pavement Management Program in the Washington
Headquarters, and to provide guidance for coordination in FHWA field
offices.

2. AN ATION. FHWA Order 5080.2, Pavement Management Coordination,
dated March 23, 1987, is canceled.

3. WASHINGTON HEADQUART
a. Pavement issues often involve the activities of several Washington

Headquarters offices. To ensure coordination among related
offices and activities, a Pavement Management Coordination Group
(PMCG) was established in 1980. The membership has been revised
from time to time to reflect .organizational changes in the
Washington Headquarters since establishment of the group.
b. The PMCG consists of the following members:
(1) Chief, Pavement Division, Office of Engineering, will Chair
the Group.
(2) Chief, Planning Programs Division, Office of Environment and
Planning.
(3) Director, Office of Engineering and Highway Operations
Research and Development.
(4) Director, Office of Technology Applications.
(5) Director, Office of Policy Development.
(6) Director, Office of Highway Information Management.
CISTRIELTION : ol
Headquarters HNG-40
Special: Regions :

Divisions 9.4.1



FHWA ORDER 5080.3
April 13, 1892

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(1)

(2)

(3)
(4)

(5)

(6)

Director, Office of Motor Carrier Information Management and
Analysis. .

A Regional Administrator appointed by the Executive Director will
serve for 2 years. This assignment will be rotated among the
Regional Administrators.

Chief, Pavements Division, Office of Engineerihg and Highway
Operations Research and Development. .

Chief, Long Term Pavement Performance Division, Office of
Engineering and Highway Operations Research and Development.

Chief, Materials Division, Office of Engineering and Highway
Operations Research and Development.

Chief, Engineering Applications Division, Office of Technology
Applications.

Chief, Strategic Highway Research Program Implementation Staff,
Office of Technology Applications.

The PMCG has thevf011owing responsibilities:

ensure that pavement related activities [including the need for,
the gathering of, and the use of pavement data] by the several
Washington Headquarters offices are cooperatively developed -and
properly coordinated;

identify pavement problems or issues which merit attention by the

’

participate in field reviews as requested or needed;

serve as the Research, Development, and Technology Coordinating
Group for the pavement area as required by FHWA Order 6000.2,
Research, Development, and Technology Advisory Councils;

support the FHWA involvement in the Strategic Highway Research
Program (SHRP) and the implementation of the products resulting
from SHRP, and coordinate the activities of the various programs,
studies, and groups involved in the Long Term Pavement Performance
evaluation; and :

recommend FHWA policies, programs, or actions to improve

effectiveness of pavement-related activities of FHWA, State
highway agencies (SHA), and local governments.
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FHWA QRDER 3080.3
April 13, 19492

A Technical Working Group (TWG) will assist the PMCG in developing and
monitoring pavement-related activities. Each Office Director in the
PMCG will appoint at least one representative to serve on the TWG.

(1) The Chief, Pavements Division, Office of Engineering and Highway
Operations Research and Development will chair the TWG.

(2) The chairperson may create working groups for specific technical
areas as they deem necessary. Each working group will elect its
own chairperson, who shall be a member of the TWG.

4. FIELD COQRDINATION

a'

To provide necessary emphasis to pavement management activities, and
to provide the support required to implement FHWA policies and
programs in the pavement area, FHWA field offices should develop
coordinating mechanisms and assign specific responsibilities for
pavement activities.

Each regional office should:

(1) assure coordination of pavement-related activities within the
region, including but not limited to research, technology
transfer, Highway Performance Monitoring System (HPMS), SHRP,
annual conferences, and vehicle weight enforcement program;

(2) develop regional operations plans to assist division offices in
aiding States and local governments in the conduct of
coordinated pavement management programs;

(3) monitor and evaluate pavement-related activities within the
region and provide recommendations to improve their
effectiveness;

(4) - designate a pavement management coordinator to serve as the
focal point for all pavement-related activities in the region;
and .

(5) promote the full range of resources available to strengthen the
technical capabilities of local government, SHA, and FHWA
personnel in pavement-related areas. Resources available
include annual conferences, training courses, and other
technology transfer activities and materials, as well as
technical expertise within the FHWA staff.
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c.

FHWA ORDER 5080.3

April 13, 1992

(1)

(2)

(3)

Each division office is expected to:

designate a pavement management coordinator to ensure that
pavement-related activities, including new and rehabilitated
pavement design and construction, pavement management, research,
technology transfer, HPMS, vehicle weight enforcement program,
etc., are well coordinated among functional/administrative areas
of the division office;

monitor and evaluate pavement activities and programs, determine
short and long-term needs, and formulate operations plans for
meeting these needs; and

take full advantage of available resources to strengthen the
technical capabilities of local government, SHA, and FHWA
personnel in pavement-related areas. Resources available include
annual conferences, training courses, other technology transfer
activities and materials, as well as technical expertise within

the FHWA staff.
v

. DJ Larson :
Federal Highway Administrator
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SUBSCHAPTER F—TRANSPORTATION
INFRASTRUCTURE MANAGEMENT

PART 500-—MANAGEMENT AND
MONITORING SYSTEMS

Subpart A—General

Sec

500.101 Purpose.

500.103 Definitions.

500.105 Development. establishment. and
implementation of the systems.

500.107 Compiiance.

500.109 Sanctions.

500.111 Funds for development,
establishment. and implemeatation of
the systems.

500.111 Acceptance of existing
mansgement systems.

Subpert B—Prvement Management Systam
500.201 Purpoes.

500.203 PMS definitions.

$00.205 PMS generul requirements.
$00.207 PMS compouents.

500.208 PMS compliance schedule.

Sutpert C—-8ridge Management System
500.301 Purpose.

$00.303 BMS definitions.

$00.303 BMS general requirements.
$00.307 BMS components.

$00.309 BMS compliance scheduls.

Subpert O—tighwey Safety Menagement
System .

$00.401 Purpose.

500.401 SMS definitions.

$00.405 Sﬁ general requirements.
500.407 components.

500.409 SMS compliance scheduls.

Subpert §—~TrafMe Congestion Mansgement
Systam

500.501 Purpoes.

500.503 OMS definitions.

$00.505 CMS general requirements,
$00.507 CMS componsats.

500.308 OMS compliance schedule.

Subpart F=Publie Traneporiation Facilties
and Equipment Mensgement System

$00.801 Purposs.

500.003 TMS/H definiticns.

$00.805 TMS/H general requirements.

500.807 TMS/H components.

500.000 TMS/H complisnce schedule.
Autherity: 23 US.C. 134, 138, 303 and 318;

4USC 1807; 23 CFR 1.32; and 49

CFR 1.48 and 1.51.

Subpeart A—General
§500.101 Purpoes.

The purpose of this part is to
implement the requirements of 23
U.S.C. 303. Management Svstems,
which requires State development.
establishment. and inplementation of
systems for managing highway
pavement of Federal-aid highways
{PMS], bridges on and off Federal-aid
highways (BMS). highway safety (SMS),
traffic congestion {CMS). public
transportation facilities and equipment
(PTMS], and intermodal transportation
facilities and systems (IMS). Section 303
also requires State development,
establishment, and implementation of a
traffic monitoring system for highways
and public transportation facilities and
equipment. This subpart includes
definitions and general requirements
that are applicable to all of these
systems. Additional requirements
applicabie to s specific system are
included in subparts B through H of this
part.

§$500.103 Definitions.

Unless otherwiss specified in this
part. the definitions in 23 U.S.C. 101(a)
are applicable to this part. As used in
this part:

Certifying official(s) means the
position(s) designated by the Governor
of a State or the Commonweaith of
Puerto Rico or the Mayor of the District
of Columbia to certify that the
management system(s) is/are being
implemented in the State.

Cooperation means working together
to achieve a common goal or objective.

Federal agencyfies) means for the
PMS and BMS, the Federa! Highway
Administration (FHWA); for the SMS,
the FHWA and the National Highway
Traffic Safety Administration: for the
CMS, PTMS, and IMS, the FHWA and
the Federal Transit Administration
(FTA).

Federal-gid highways means those
highways eligible for assistance under
title 23, U.S.C., sxcapt those
functionally classified as local or rural
minoz collectors.

Highway Performance Monitoring
System [HPMS} means the State/Federal
system used by the FHWA to provide
information on the extent and physical
condition of the nation's highwa
system, its use, performance, needs.
The system inciudes an inventory of the
nation’s highways including traffic
volumes.

Life-cyche cost analysis means a
procedure for evaluating the economic
worth of one er more projects or
investments by discounting future costs
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over the life of the project or
investment.

Manogement system means s
systematic process, designed to assist
decisionmakers in seiecting cost-
effective strategies/actions to improve
the efficiency and safety of. and protect
the investment in, the nation's
transportation infrastructure. A
management system incljudes:
Identification of performance measures;
data collection and analysis;
determination of needs: evaiuation and
selection of appropriate strategies/
actions to address the needs; and
evaluation of the effectiveness of the
implemented strategies/actions.

Metropolitan planning area means the
geographic ares in which the
metropolitan transportation planning
process required by 23 U.S.C. 134 and
section 8 of the Federal Transit Act (49
U.S.C. app. 1607) must be carried out.

Metropolitan planning organization
{MPO) means the forum for cooperstive
transportation decisionmaking for s
metropolitan planning ares.

National highway system (NHS)
means the system of highways
designated and spproved in accordance
with the provisions of 23 U.S.C. 103(b).

Performance measures means -
operational characteristic, physical
condition, or other sppropriate
par?meto:;. used as s bu;chmark to
evaluate the adequacy of transportation
facilities and estimate needed
improvements.

tate means any one of the fifty
States, the District of Columbia, or
Puerto Rico.

Transportation Management Area
{TMA) means an ized ares with &
population over 200,000 (as determined
by the latest decennial census) or other
area when TMA des on is
requested by the Governor and the MPO
{or affected local officials), and officially
designated I:K the Administrators of the
FHWA and the FTA. The TMA
designation applies to the sntire
metropolitan planning ares(s).

Work pian means a written
description of major activities necessary
to develop, establish, end implement &
management or monitaring system,
including identificstion of g
responsibilities, resources, and target
dates {or completien.of the major
activities.

{s) Each State shall develop. sstablish,
and implement the systems identified in
§500.101. Each Stats shall iailor the
systems o mest State, regional, or local
goals, policies, and resourcas, but the
systems must meet the requirements as

specified in subperts B through H of this
part. Documentation that describes sach
management system shall be maintainsd
by the States for the Federal agencies to
determine. on a periodic basis, whether
the systems meet the requiremnents in
this subpart and subparts B through H
of this part, as applicable.

{b) Each State shall have procedures,
within the State's organization, for
coordination of the development,
establishment, implementation and
operation of the management systems.
The procedures must include:

(1}J An oversight process to assure that
adequate resources are available for
implementation and that target dates in -
the work plan(s} are met;

(2) The use of data beses with &
common or coordinated reference
sysdtems and methods for data sharing;
an

(3) A mechanism to address issues
related to the purposes of more than one
management system.

{c) In developing and implementing
each management system. the State
shall cooperate with MPOs in
metropolitan areas, local officials in
non-metropolitan arees, affected
agencies receiving assistancs under the
Federal Transit Act and other agencies
(including private owners and lity for
operetors) that have ility
operation of the Aﬂumlamuon
systems or facilitiss.

{d) In accordance with the provisions
of 23 U.S.C. 134(i)(3) and 49 U.S.C. app.
10607(i)3) and the requirements of 23
CFR part 450, the CMS shall be part of

the metropolitan planning process in
TMAs.

() Within metropolitan planning
areas, the OMS, PTMS, and IMS shall,
to the extent appropriate, be part of the

tan on planning

process under the provisions of
23 U.S.C. 134 and 49 US.C. app. 1807.

{/) In metropolitan planning sarees that
have more than one MPO and/or that
include more than one State, the
establishment, development, and
implementation of the COMS, PTMS, and
IMS shall be coordinated among the
State(s) and MPO(s) to ensure
mubﬂity of the systems and their

ts.

(8) The results {e.g., policies,
programs, projects, etc.) of the
individual management systems shall be
considered in the development of
metropolitan and statewide
mnspom:x:; plans and improvement

rograms and in projct
ralocdon decisions under title 23,
U.S.C., and under the Federal Transit

Act.
(b) The roles and ibilities of
the State, MPO{s), recipients of

assistance under the Federal Transit
Act, and other sgencies involved in the
development, establishment. and
implementation of each system shail be
mutually determined by the parties
involved. A State may enter into
agreements with local governments,
regional agencies (such as MPOs),
recipients of funds under the Federal
Transit Act, or other entities to develop,
establish, and implement appropriate
parts of any or all of the systems. but the
State shall be responsibis for overseeing
and coordinating such activities.

(i) Section 204(a) of title 23, U.S.C.,
requires the Secretary in cooperation
with the Secretaries of the Interior and
Agriculture to develop the safety, bridge
and pavement management systems for
Feders) lands highways, as defined in
23 U.S.C. 101(a). To avoid duplication
of effort, the management systems
required under this part shouid be used
to the extent appropriate to fulfill the
requirement in 23 U.S.C. 204(a)}
regarding establishment and
implementation of pavement, bridge,
and safety management systems for
Federsl lands highways. The State, the
Federal agencies. and the agencies that
own the roads shall cooperatively
determine responsibility for coverage of
Federal lands highwsys under their
respective jurisdictional control and
shall ensure thst the results of the PMS,
BMS, and SMS far Federal lands ’
bighways are available, as appropriate,
for consideration in developing
metropolitan and statewide
msportatio;x plans mg.i;nprttshvement

rograms and are provi to the
g‘HWA for use in z:oioping Federal
lands highway programs. .

{j) Each management systam must
include appropriats means to evaluate
the effectiveness of implemented
actions deveioped through use of that
systam. The effectivenass of the
management sysiems in enhancing
transportation investment decisions and
improving the overall efficiency of the
State's transportation systems and
facilities shall be evaluated periodically,
preferably as part of the metropolitan
and statewide planning processes.

§500.107 Compiiance.

{a) States must be implemeniing the
management systems specified in
subparts B through G of this part
beginning in Federal fiscal 1995
(October 1, 1994 to Sept 30, 1988)
and must certify annually to the.
Secretary of Transportation that they are
implementing each of the management
systems. A Stste shall be considered to
be implementing a management system
if the system is under development or
in use in accordance with the
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compliance schedule for that system ss
specified in subparts B through G of this

art.
P (b) The Governor of the State or the
Commonweaith of Puerto Rico or the
Mavor of the District of Columbia shall
notify the FHWA Divisian
Adminisgatoe 10 writing by Septemoer
30. 1994, of the titie(s) of the certifving
officialis) for each management system.
If there 1s a change in designated
position(s). the Siate shall provide
documentation of the revisad
designation with, or prior to. the next
annual certification. In those States
whers responsibility for all of the
management sysiems ts within a single
agency {e g.. State DOT), designation of
one certifying official for al} of the
management sysiems ts recommended.

(¢} The certilication statement(s) shall
be submitted by the certifying officialis)
to the FHWA Division Administrator by
January 1 of each year, beginning
January 1. 1995. To the extent possible.
one certificatian statement shoukd cover
all six management systems. U more
than one certification suatement will be
submitted by a State. the statements
should be coordinated st the State levet
and suhmtted simuttaneously. Tha first
certification statesnent shall include 8
copy of the workplan(s), required ia
accordanca with the compliance
schedule lor sach management systam,
and a summacy of the status of
implementation of the m
systemn(s}. Subsequent certification
statement(s) shall include a summary of
the status of implementation of each
management system and a discussion of
planned carrective actions for any
management system(s] ar subsystam(s)
that are not under development oe fully
operationa!l in accordance with the
compliance schedule and work plan for
the management system. .

{d) The FHWA sion
Administrator will provide copies of the
alniﬁcation ststement(s) and any wnd
relevant supporting docurmentation
co to other Fedenal

agencies identified for the specific
systomis) in § 500.103. Within 90 deys
of receipt, the Feders! agenciss will
review the certificstion and the FHWA
Division Administrater will notify the
State whether the certification is
acceptable or if sanctions may be
imposed in accordance with the
provisions of § 500.108.

(e) A State shall b¥ considered 1o be
impiementing the traffic monfitoring
system for highways (TMS/H), specified
in subpart H of this part, if the system
is under developmant or in use in
accordance with the compliance
schedule in § 500.209. The State shall
submit the work phmn for the TMS/H to

the FHWA Divisioo Administrasor by
January 1, 1995.

(The information cotiection requiraments in
paragraphs \c) asd e of § 500.107 have been
approved brv the Office of Managemem and
Budget under contral number 2125-0555.)

§500.108 Sanctions.

(a) Beginning lanuary 1. 1995, ifa
State farls 1o certify annually as required
by this regulation. or if the Federa!
agencies determine that any
management system or subsystem,
specified 10 subparts B through G of this
part, is not being adequately
implemented, notwithstanding the
State’s certification(s). the Secretary
may withhold up to 10 percent of the
funds apportioned to the State under
tithe 23, U.S.C.. and to any recipient of
assistance under the Federal Transit Act
for any fiscal year beginning after
September 30, 1995. Sanctions may be
imposed on a statewide basis. on a
subarea of a State, for specific categories
of funds or types of propacs. or for
specific recipients or subrecipiants of
funds under title 23, U.S.C.. or under
the Federal Transit Act depending on
the adequacy of implemsniation of the
managemant sysiems.

{b) While a State may anter into
agreements with local governments or

other agenciss 1o develop. establish. and

implement all or parts of the
management systems, in accordance
with § 5«:3.1:’5@. the Su‘t;.:hul be
responsible for ensuring the
systems are being implemsntad
statewids and for taking any necassary
corrective action, including
implementing the systems at ths
n?oml and local levels if nacassary.
c} Prior to imposing a sanction, &
State will be aotified in wriling by the
FHWA of the sanction{s] to be impasad.
the ressons for the sanctious. and the
actions necsssary to correct the

deficiencies. Aftsr 60 days fram the date

of notification to the State, ths Fedaal
agencies will consider any corrective
actions pro by the State and the
FHWA will notify the Stats if such

actions are acceptable or if sanctions are

to be applied.

(d) In instances where a State, or
respansible sub-unit of a State or
reciptent of fands under the Federal
Transit Act, has not fully implemsntad
all of the systems,
consideration be givea by the
Federal sgencies ¢ efforte anderway or
planned to meke the fully
operationa! within a reasonable time

od.
p.al‘tothmhn they have net
lapsed. funds withheld pursuent to this
subpert shell be mede svailuble to the
State or recipient under the Fedacal

9.5.3

Transit Act upan a determination by the
Feders! agencies that the management
systerns are being adequately
implemented.

§500.111 Funds for deveicpment,
estabiishment, and impiscwntaton of the
systems.

(a} The following categories of funds
may be used for development,
establishment, and implementation of
any of the management and monitonng
systems: National Highway Syvstem,
Surface Transportation Program. FHWA
State planning and research and
metropolitan plannming funds (induding
the optional use of mimimum allocation
funds authorized under 23 U.5.C. 157(c;
for carrying out the provisions of 23
U.5.C. 307(c}i1) and 23 U.S.C. 134(a)).
Federa! Transit Act Section 8 {43 U.S.C.
app. 1607), Federal Transit Act Section
9 (49 US.C. app. 1607a), Federai Transit
Act Section 26(al(2) (49 U.S.C. app.
1622(a}(2}). and Federal Transit Act
Section 26(b}(1} (49 U.S.C. app.
1626{b)1)}). Congestion Mitigation and
Air Quality improvement Program funds
(23 US.C. 304(bK2}) may be used for
those management sysiems that can be
‘shown to contribute to the attanment of
a national ambient air quality standard.
Apportioned bridge funds (23 U.S.C.
144(e)) may be used for development
and establishment of the bridge
management system.

(b) Fedars! fonds identified in
parsgraph (8} of this section used lor
development. establishment. or
implementation of the management and
monitoring systems shall be
administered in accordance with the
procedures and requirements applicable
to the casegory of funds.

§500.113 _Acceptance of existiag
management systams.

(a) Existing Sasie iaws, rules. or
procsdures that the Federal agencies
detarmine fulfill the purposes of &
managemsnt sys\am, of postion therwof,
as specified in this pent mey be scceptad
by the Fedaral sgancres in Lisu of
development and impiemeniasion of &
new system.

(b) If a State bas existing isws. rules,
or proceduses that it wants to use 1o
meet the requirements of this pan. it
shall submit a written request 1o the
FHWA Division Administrator that the
Federsi agenciss scoapt the existing
management system in lieu of
development of a new syniem. The
request shall include a discussion. end
any necessary suppocting
docuumamtation., trat shows how the
existing systarn mests the requirements
of this part. The docamentation shall
reflect the views of the MPOs. trensit
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operators. and other affected agencies.
as appropriate. and the actions to be
taken to assure that the cooperation
required under § $00.105(c} is
established.

(c} Upon receipt of a request. the
FHWA Division Administrator will
coordinate review of the request with
the other Federal agencies specified in
§ 500 103 and with appropriate FHWA
offices. Within 90 days of receipt of the
State’s request. the FHWA will notify
tne State that the existing svstem is
either fully acceptable. acceptable
subject to specific modifications. or
unacceptable and that a new system
must be developed.

{d) To meet the compliance schedule
for a system, the State must submit any
requests under paragraph (a) of this
section no later than june 1. 1994.

Subpart B—Psvement Management
System

§500.201 Purpose.

The purpose of this subpart is to set
forth requirements for development,
estabiishment. implementation, and
continued operation of s pavement
management system (PMS) for Federal-
aid highways in each State in
accordancs with the provisions of 23
U.S.C. 303 and subpart A of this part.

§500.203 PMS definitions.

Unless otherwise specified in this
part. the definitions in 23 U.S.C. 101(a}
and § 500.103 are applicable to this
subpart. As used in this part:

Pavement design means a project
level activity where detailed
engineenng and economic
considerations are given to alternative
combinations of subbase. base. and
surface materials which will provide
adequate load carrying capecity. Factors
which are considered include:
materiais. traffic. climate. maintenancs,
drainage. and life-cycle costs. .

Pavement management system (PMS,
means a systematic process that
provides, analyzes. and summarizes
pavement informatioa for ues in
selecting and implementing cost-
effective pavement camstruction.
rehabilitation, and maintenance
programs. -

§500.208 PMS general requirementa.

{a) Each State sheli-have a PMS for
Federai-aid highways that meets the
requiremnents of § 500.207 of this
subpart.

(b) The Stats is responsibie for
assuring that all Federal-aid highways
in the State, except thoss that are
federally owned. are covered by 8 PMS.
Coverags of federally owned public

roads shall be determined cooperstively -
by the State. tha FHWA. and the
agencies that own the roads.

{c) PMSs shouid be based on the
concepts described in the “AASHTO
Cuidelines for Pavement Management
Systems.”" 1

{d) Pavements shall be designed to
accommodate current and predicted
traffic needs in a safe, durable. and cost-
effective manner.

§500.207 PMS components.

(a) The PMS for the National Highway
Svstem (NHS) shall. as a minimum,
consist of the following components:

{1) Data collection and management.

{i) An inventory of physical pavement
features including the number of lanes,
length. width. surface type. functional
classification. and shoulder information.

(ii} A history of project dates and
tvpes of construction. reconstructicn,
rehabilitation, and preventive
maintenance.

{iii) Condition surveys that include
ride. distress, rutting, and surface
friction.

(iv) Traffic information including
volumes, classification, and load data.

(v) A data base that links all data files
related to the PMS. The data base shall
be the source of pavement related
information reported to the FHWA for
the HPMS in accordance with the HPMS
Field Manual.z

(2) Analyses. st & frequency
established by the State consistent with
its PMS objectives.

{i) A pavement condition analysis that
includes ride, distress, rutting, and
surfacs friction.

(ii) A pavement performance analysis
that includes an estimate of present and
predicted performance of specific
pavement types and an estimate of the
remaining service life of all pavements
on the network.

(ilf) An investment analysis tha
includes: '

{A) A network-level analysis that
estimates total costs for present and
projected conditions across the network.

(B) A project level analysis that
determines investment strategies
including & prioritized list of
recommended candidate projects with

1 AASHTO Guidelines for Pavemnent
Systems. July 1990, can be purchassd from the
American Association of Stete Highwey and

Officiais. 444 N. Capitol Strest. NW.,

Trassportation

suite 228, Washingsan, DC 20001. Avsilabie for
inspection as prescribed in 49 CFR part 7. sppendix
D.

1 Highway Performance Mounitoring System
(HPMS) Peid Manuai for the Continuing Asaiytical
and Seatistical Dot Bass, DOT/FHWA, August 38,
1993, (FHWA Ordar M3800.18). Availsble for
inspection and copying es prescribed in 40 CFR
part 7, appendix D.

recommended preservation treatments
that span single-year and multi-vear
periods using life-cycle cost analysis.

{C) Appropriate horizons. as
determined by the State. for these
investment analyses.

(iv) For sppropriate sections. an
engineering analysis that includes the
evaluation of design. construction,
rehabilitation. matenals. mix designs,
and preventive maintenance as they
relate to the performance of pavements.

(3) Update. The PMS shall be
evaluated annually. based on the
agency's current policies. engineering
criteria, practices, and experience. and
updated as necessary.

(b) The PMS for Federal-aid highways
that are not on the NHS shall be
modeled on the components described
in paragraph (a) of this section. but may
be tailored to meet State and local
needs. These components shall
incorporate the use of the international
roughness index or the pavement
serviceability rating data as specified in
Chapter IV of the HPMS Field Manual.

$500.200 PMS compliance schedule.

{a) By October 1, 1994, the State shall
develop s work plan that identifies
major activities and responsibilities and

. includes a schedule that demonstrates

full operstion and use of the PMS on the
NHS by October 1. 1995, and on non-
NHS Federal-sid highways by October
1,1997. .

{b) By October 1, 1995:

(1) The PMS for the NHS shall be
fully operational and shall provide
projects and programs for consideration
in developing metropolitan and
statewide transportation plans and -
improvement programs: and

(2) PMS design for non-NHS Federal-
aid highways shall be compisted or
underwasy in sccordance with the State’s
work plan.

(c) By October 1, 1897. the PMS for
non-NHS Federal-aid highways shall be
fully operational and shall provide
projects and programs for consideration
in developing metropoliten and
statewide transportation plans sad
improvement programs.



