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Initial ride quality is an impor.tant charac. -
teristic in determining the acceptance of a 
newly paved road. The user can easily rec

ognize such imperfections as bumps and dips 
and may experience an uncomfortable ride. 
Smooth riding pavements provide a safe and 
comfortable ride for roadway users. 

Some experts in highway construction con
tend that smoother pavements not only benefit 
users but also perform better than excessively 
rough pavements. I It is, therefore, important to 
understand and to measure road roughness in a 
consistent way. Road roughness can be concep
tualized as the deviation of a pavement surface 
from a true planar surface, with characteristic 
dimensions that affect ride quality. I Ride quality 

can be described as the interaction of a vehicle 
and the road surface profile or roughness. When 
a pavement lacks roughness, it is referred to as 
a smooth pavement. 

The majority of state highway administra
tions (SHAs) in New England measure rough
ness in units specified by the International 
Roughness Index (IRl). The World Bank in 
Brazil developed this standard unit of mea
surement in 1982 under the International Road 
Roughness Experiment (see Figure 1).2 It is de
fined as the ratio of accumulated suspension 
motion (reference average rectified slope) to 
distance traveled of a standard quarter-car sim
ulation ( one front wheel) at a speed of 55 miles 
per hour. It can also be reported as a half-car 
simulation (two front wheels).2 

A contractor is typically responsible for pav
ing a smooth riding road that will be acceptable 
to the user and the responsible highway 
agency. Many highway agencies are currently 
establishing ride quality specifications that re
quire the contractor to meet a certain level of 
smoothness (i.e., an IRl value) after initial con
struction. These agencies may also incorporate 
incentives and penalties into their payment 
formulas to encourage contractors to meet their 
requirements. This payment formula, in part, 
dictates how much the contractor is paid for the 
paving job. 
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FIGURE 1. The IRI scale. 

Contractors in New England, at present, use 
a straightedge as their main device for testing 
pavement smoothness. The straightedge, 
which can be used while paving is still in prog
ress, is the most economical measuring device 
for the contractor. The straightedge is placed on 
the surface of the pavement, and the distance 
between the bottom of the device and the sur
face of the pavement is measured. The pave
ment is deemed acceptable if the measured dis
tance is less than a specified tolerance limit. 

Most SHAs in the United States use more so
phisticated equipment to measure smoothness. 
Some use laser or acoustic sensors to measure 
the profile of a newly paved road. Others use 
response-type equipment that records vertical 
displacement. The profilograph, a re
sponse-type system, is the most widely used 
device in the United States for assessing the ini
tial ride quality of pavement.3 The different 
classes and the type( s) of ride quality measuring 
device(s) that are typically used to measure ini
tial smoothness are shown in Table 1. (For more 
information related to these measuring devices 
refer to Black.4) 

Approximately 18 SHAs in the United States 
are implementing initial smoothness specifica-
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tions that include incentives and penalties in 
their payment schemes.3 These specifications, 
which have been designed and implemented 
with the notion that lower initial pavement 
roughness will result in a better-performing 
pavement, provide clear guidelines for contrac
tors to use in producing a smooth pavement. 

Because state highway officials in New Eng
land are in the process of designing and imple
menting initial ride quality specifications, they 
are very interested in addressing a number of 
issues and questions relating to ride quality ac
ceptance.5 Such questions include: 

• What is a smooth riding pavement and 
how can smoothness be measured quanti
tatively? 

• How can different levels of smoothness 
(or ride quality) be distinguished? 

. • What is an appropriate level of ride qual
ity for various functional classes of high
ways? 

• Do acceptable (or tolerable) levels vary by 
pavement type or method of construction? 

• Does an initial ride quality specification 
enhance the overall quality and life of a 
pavement? 



• Does the use of such specifications lead to 
increased construction costs or length
ened schedules? 

• What are .advantages, disadvantages and 
limitations of various pieces of equipment 
and measurement methods, and are these 
devices and methods equally appropriate 
for rigid and flexible pavements? 

• How might payments to contractors be as
sociated with smoothness specifications? 

The consensus among SHA officials in New 
England is that obtaining answers to these 
questions will provide a basis for the consider_; 
ation and development of appropriate ride 
quality acceptance specifications and suitable 
measurement procedures and methods for 
their states.5 

Research was conducted to develop guide
lines to assist New England SHAs in the formu
lation of appropriate specifications and imple
mentation procedures for ride quality on new 
pavements. Implicit in conducting this re
search is the understanding that no one specifi
cation and procedure will meet all the needs of 
all six SHAs. Specifications and procedures are 
likely to vary depending on highway func
tional classification, type of construction (e.g., 
new construction, reconstruction or rehabilita
tion), paving materials (e.g., bituminous as
phalt concrete [BAC] or Portland cement con
crete [PCC]), availability of measurement 
equipment and other factors.5 A special effort 
has been made to offer guidelines that are suit
able for use in New England and sensitive to 
the region's environmental and geographic 
conditions; the administrative, construction 
and paving practices of each state; the avail
ability of staff, equipment and other resources 
in each state; legal issues and their implica
tions; and other factors. 

Selected Ride Quality Studies 
Pennsylvania Transportation Institute Study. In a 
1989 Pennsylvania Transportation Institute 
study, Kulakowski and Wambold reviewed 
methods and equipment used by 36 SHAs in 
the United States for measuring the roughness 
of new pavements.6 The study revealed that 
many types of equipment for measuring 
roughness were being used to evaluate new 

TABLE 1. 
Classes of Initial Ride Quality 

Measurement Methods 

Class I. Manual Methods 
Survey rod & level 
Straightedge 
Face technologies dipstick 

Class II. Dynamic, Direct Profile Methods 
Profilometers 
Automatic road analyzer (ARAN) 

Class Ill. Response-Type Indirect Measurements 
Road meters 

pavements. The profilograph (essentially a 
25-foot straightedge equipped with a trans
ducer for measuring vertical displacement as 
the profilograph moves over the road surface) 
was found to be the most popular device (used 
by 21 SHAs). The road meter and the 
profilograph were the next most popular de
vices, each used in three states. A profilometer 
device was used in two states and the 
roughmeter was used in one state. 

The Pennsylvania study also surveyed the 
blanking band measurements used by each 
SHA. The blanking band is used to identify the 
bumps and dips in the profile that must be cor
rected in a new wearing surface. Figure 2 
shows a blanking band of 0.1 inches. 
Kulakowski and Wambold discovered· that 
the most commonly used blanking band -
used in 16 states - was 0.2 inches.6 Any 
bumps or dips measured vertically that fall 
outside this 0.2-inch band, usually referred to 
as outliers, have to be corrected. The straight
edge, used by 92 percent of the states sur
veyed, is employed in the field to identify 
these bumps and dips. 

The study further determined that overall 
rideability and outlier measurements are the 
specifications used by most SHAs. Rideability 
is viewed as an aggregate, representative mea
sure of pavement smoothness as perceived by 
the road user over the entire roadway section, 
while outlier measurements are used to iden
tify and correct vertical displacements (i.e., 
bumps and dips) at specific locations along the 
section. 
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FIGURE 2. A blanking band as applied to a profilograph trace. 

Arizona Department of Transportation Study. A 
study sponsored by the Arizona Department of 
Transportation (ADOT) covered techniques 
and devices used to measure pavement 
smoothness. 7 Four devices, including a surface 
dynamics profilometer, a roughness surveyor, 
a ride meter and a profilograph were evaluated 
and ranked according to their performance. 
These devices were tested for quality of rough
ness data, instrumentation precision and reli
ability, operating restrictions, set-up and oper
ating complexities, equipment durability, 
automated data collection and processing, 
equipment versatility and cost. A comparison 
of all the devices is presented in Table 2. 

Overall, the study found the profilometer as 
the best device for measuring roughness. The 
ride meter was second only because it needed 
regular calibration. The profilograph was la
bor-intensive and slow, but was considered an 
acceptable device for measurement. The 
roughness surveyor required improvements in 
durability and reliability. 

University of Wyoming Study. In 1995, a study 
was conducted at the University of Wyoming 
that determined that straightedges and 
profilographs were currently the most widely 
used devices for assessing the smoothness accep
tance of new pavements. 8 The straightedge was 
used by 16 SHAs and the profilograph-type de
vice by 15. In 18 SHAs, these devices were used 
for determining incentive and penalty schedules 
for payments on newly paved roads. 
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The study also examined the initial roughness 
of a pavement section to determine if it had any 
effect on long-term performance. The University 
of Wyoming and the Wyoming Department of 
Transportation (WYDOT) examined the effect of 
initial smoothness of asphalt pavements on 
roughness measurements collected after the sec
tions had been in service for a few years. 

Test sections selected from interstate pro
jects that had been rehabilitated between 1988 
and 1992 were also evaluated. Pavement 
roughness data were obtained from these test 
sections and stored in a computerized data
base. A statistical analysis was performed on 
all data. Each project was divided into 
half-mile test sections, giving a total of 884 test 
sections. Average daily traffic (ADT), truck 
traffic, equivalent single axle loads (ESALs) 
and previous roughness data for these test sec
tions were also collected. 

After data collection, a comprehensive data 
analysis was performed. This analysis exam
ined the relationship between initial and future 
(i.e., current) IRI measurements, generated a re
gression relationship for each chart and per
formed the Mann-Whitney test (a non-para
metric test based on the rank ordering of 
observations) on all data.8 

Scatter graphs of the data were developed to 
see if any trends emerged. An upward trend on 
all asphalt test sections showed that the initial 
IRI measurements were correlated with future 
roughness values. A statistical analysis was 



TABLE 2. 
Summary of the Arizona Department of Transportation Study 

Ride Quality Measurement Device 
Roughness Ride 

Category Profilometer Surveyor Meter Profilograph 

Quality of Roughness Data 
Repeatability 1 2 2 3 
Accuracy & Reproducibility 1 2 3 2 
Speed Dependency 2 1 3 2 

• Instrument Precision & Reliability 
Precision 1 2 3 4 
Reliability 1 2 1 1 
Distance Accuracy 1 1 1 2 
Sensitivity to Calibration 1 3 3 2 

Operating Restrictions 
Environmental Effects 2 3 1 2 
Traffic Interference 1 1 1 2 
Operating Speeds 1 1 1 2 

Setup & Operating Complexities 2 1 1 3 

Equipment Durability 1 3 2 2 

Automated Data Collection & Processing 
Computer Compatibility 1 2 3 4 
Availability & Quality of On-Board Data 1 2 3 4 

Equipment Versatility 1 2 2 3 

Cost 3 2 1 1 

Overall 1 4 2 3 

Note: Numbers are used to rank the devices. A 1 represents a device as being the best; a 4 represents the lowest rank. If the same number is given for two 
or more devices, these devices are ranked equivalently, 

then performed, using the Mann-Whitney test. 
Initial IRI measurements were statistically 
tested against future IRI values to determine if 
initially smoother pavements remained 
smoother over time. The Mann-Whitney test 
indicated that the two groups (i.e., initially 
smoother and initially rougher) were statisti
cally different over time, a finding that estab
lished that initially smoother sections per
formed better than initially rougher sections. 8 

A more recent study of over 200 asphalt con
crete and PCC pavement projects in ten states 
tends to support the conclusions that initial 
smoothness may have a positive effect on fu
ture smoothness, and that higher initial 
smoothness may lead to longer pavement life. 9 

Colorado Department of Transportation Study. 
The Colorado Department of Transportation 

(DOT) began to develop a ride quality specifi
cation during the 1992 and 1993 paving sea
sons.10 The specification was based on a rolling 
profilograph. A blanking band of 0.1 inches 
was used, which is more stringent than the 
blanking band of 0.2 inches used by most 
SHAs. The 0.1-inch blanking band was chosen 
because low amplitude vibrations caused by 
the vibratory rollers during construction 
would not be captured with a 0.2-inch blanking 
band range. _ 

Beginning in 1994, Colorado used an incen
tive and penalty payment schedule on four 
projects using a 0.1-inch blanking band. In 
1995, Shuler and Horton identified and re
viewed perceived problems with the 1994 spec
ification.10 As a result, the asphalt industry and 
the Colorado DOT decided to make major 
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changes in smoothness levels and incentive and 
penalty levels for each type of facility. Smooth
ness levels were adjusted by both industry and 
DOT officials for each facility. These facilities in
cluded rural interstates; urban interstates and 
other limited-access roads; rural two-lane roads; 
and urban and thin, single-lift roads. Criteria for 
rural interstates had the most stringent smooth
ness requirements, while two-lane urban inter
states had lower requirements. 

Shuler and Horton recommended that 
smoothness specifications be introduced grad
ually to allow the contracting community to 
learn methods and obtain the equipment nec
essary to achieve better riding pavements.10 

They also believed that smoothness specifica
tions should include incentive and penalty 
clauses to encourage contractors to perform 
better than average work. 

A Review of Paving & 
Ride Quality Practices 
To determine the state of the art in paving and 
ride quality practices of state highway agencies 
in New England, a questionnaire was designed 
and used as a guide to conduct on-site meet
ings with each SHA in the region. In addition, 
the paving and ride quality practices of three 
other SHAs - Kansas, Michigan and Texas -
were also reviewed.11 A summary of the prac
tices reported in use in New England appears 
in Table 3. A summary of the practices reported 
in use in Kansas, Michigan and Texas appears 
in Table 4. 

Connecticut Department of Transportation 
(ConnDOT). ConnDOT uses hot mix bitumi
nous asphalt (HMA) concrete as its primary 
paving material and does not recommend that 
a transfer vehicle be used. When resurfacing, 
ConnDOT engineers determine on-site if it is 
necessary to mill. If milling is found to be nec
essary, a depth is chosen and an HMA overlay 
of the desired thickness is put down. ConnDOT 
is currently developing and implementing a 
ride quality specification.11 

ConnDOT has two automated road analyz
ing devices (ARANs) and a 25-foot profilo
graph. The ARAN uses laser and acoustic tech
nologies mounted on the front of a van. It is 
equipped with a video camera to record the 
texture of the road surface and other road fea-
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tures. The profilograph was five to seven years 
old and had experienced limited use on a small 
number of projects since the purchase of the 
two ARANs. The ARANs are relatively new 
and will be used as the primary devices for ini
tial ride quality measurement. 

Contractors measure initial ride quality using 
a straightedge. After the completion of construc
tion, ConnDOT anticipates using the ARAN to 
approve the contractor's work Smoothness lev
els must comply with ConnDOT' s written agree
ments that are set before construction. Initial ride 
quality data are collected less than 24 hours after 
completing all pavement operations. Measure
ments are recorded in IRI levels for the entire 
length of a project and will be taken in the direc
tion of traffic in the right and left wheel paths in 
each driving lane. 

Payment for each job is based on the IRI scale. 
Currently, the department does not expect to as
sess penalties for a job completed by a contrac
tor at less than desired smoothness levels. How
ever, the department does intend to pay 
bonuses for exceptionally low roughness levels. 

Maine Department of Transportation (MDOT). 
BAC is used as the primary material for MOOT 
paving jobs. PCC has not been used by the 
MDOT since the 1970s. Resurfacing projects gen
erally require a milling depth between 1.5 and 3 
inches for most interstate highways, and HMA 
overlays are used. MDOT does not require the 
use of transfer vehicles during paving opera
tions, although some contractors use them. 

The contractor is responsible for maintaining 
a level of smoothness that is acceptable to the 
state agency during and after paving opera
tions. Maine DOT does not test for initial ride 
quality; it uses its response-type ARAN only to 
test current road surfaces to determine if the 
roadway needs improvement. The re
sponse-type ARAN has replaced the road meter 
that was once used by this department. This 
ARAN differs from ConnOOT' s device in that it 
uses accelerometers mounted on the axle of the 
vehicle to measure roughness. MOOT is consid
ering the purchase of a newer version of the 
ARAN that uses laser and acoustic techniques, 
such as the one used by ConnDOT. 

Massachusetts Highway Department (MHD). 
MHD has recently developed a ride quality 
specification.11 MHD uses BAC as the primary 
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TABLE 3. 
Summary of Current Paving & Ride Quality Practices in New England 

Aeencv 

Issues/Questions ConnDOT MDOT MHD MTA NHDOT RIDOT VAOT 

What tvoe of oavement is most widely used? BAC BAC BAC BAC BAC BAC BAC 

Is a transfer vehicle used? No Uo to contactor Uo to contractor Yes Uo to contractor Uo to contractor Uo to contractor 

Is there a ride aualitv soecification? No No Yes Yes Yes No No 

When was the soecification out in olace? December 1995 1995 (oilot) 

Is a soecification being considered? Yes Yes Yes Yes 

Does the soecification include bonuses? Yes No Yes Yes Yes No Yes 

Does the soecification include oenalties? No No Yes Yes Yes No Yes 

What eauioment is (or will be) used? ARAN ARAN ARAN Profiler Profilometer ARAN Ride Meter 

Is the eauioment owned bv the DOT? Yes Yes Yes No Yes No Yes 

What roughness measures are used? IRI IRI IRI IRI Ride number IRI IRI 

Percentage of pavement based on IRI values? IR/ %Paid See specification IR/ %Paid Ride number /RI % Paid 
<50 110 <50 110 used. Pay <49 110 
50-75 105 50-75 105 adjustments are 50-59 105 
>75 100 76-90 100 linear, not 60-69 100 

91-100 75 sptepped. 70-82 98 
101-120 50 83-95 95 
>121 0 >96 90 

Is a consultant used in soecification review? No No No Yes No No No 

Milling limit? Determined at site 1.5-3+ in. 2 in. <3 in. Determined at site 2-2.5 in. Determined at site 

What resurfacing oractice is used? HMAoverlav HMAoverlav HMAoverlav HMAoverlav HMAoverlav HMAoverlav HMAoverlav 

Burno size? 0.3 in. 0.3 in. 0.3 in. 0.2 in. 0.4 in. 0.3 in. 

Length of straightedge? 10 ft. 10 ft. 10 ft. 10 ft. 10 ft. 10 ft. 10 ft. 

Location of longitudinal profile testing? Right & left wheel Right & left wheel Right & left wheel Right & left wheel Right & left wheel Right & left wheel Axle centerline 
oath in each lane oath in each lane oath in each lane oath in each I ane path in each lane path in each lane deviation 

Time limit for acceptance testing? <24 hrs. 0-24 hrs. 0-24 hrs. ASAP ASAP ASAP 

Percentage of oavement segment evaluated? 100% 100% 100% 100% Samples 100% 

Who tests for smoothness during construction? Contractor with Contractor Contractor with MTAwith Contractor with Contractor with Contractor with 
straightedge straightedge consultant straightedge straightedge straightedge 

Who aooroves ride aualitv levels at comoletion? ConnDOT Contractor MHD MTA NHDOT RIDOT VAOT 

Direction of ride aualitv testing? Traffic flow Traffic flow Traffic flow Traffic flow Traffic flow Traffic flow Traffic flow 

Notes: Milling limit- the thickness that existing pavement is milled before an overlay is applied (varies from project to project & in some cases no milling is required. Bump size - maximum deviation in roughness profile. 



TABLE 4. 
Summary of Current Paving & Ride Quality Practices in 

Other State Departments of Transportation 

Agency 

Issues/Questions Kansas DOT Michigan DOT Texas DOT 

What type of pavement is most widely usedl BAC & PCC BAC & PCC BAC & PCC 

Is a transfer vehicle used? Yes Yes Yes 

Is there a ride quality specification? Yes Yes Yes 

When was the specification put in place? 1990 1993 

Is a specification being considered? 

Does the specification include bonuses? Yes Yes Yes 

Does the specification include penalties? Yes Yes Yes 

What equipment is (or will be) used? Profilograph Profilometer & Profilograph 
Profilograph 

Is the equipment owned by the DOT? Yes Yes Yes 

What roughness measures are used? Profile jndex (in./mile) Ride Quality Index & Profile index (in./mile) 
Profile index (in./mile) 

Percentage of Pavement based on IRI values? Profile index used Profile index used Profile index used 

Is a consultant used in specification review? No Yes Yes 

Milling limit? Determined at site 1.25+ in. Determined at site 

What resurfacing oractice is used? HMAoverlav HMAoverlay 

Bump size? 0.4 in. 0.3 in. 0.3 in. 

Length of straightedge? 10 ft. 10 ft. 10ft. 

Location of longitudinal profile testing? 3 ft. from each lane 3 ft. from each lane 3 ft. from each lane 
edge edge edge 

Time limit for acceptance testing/ <48 hrs. ASAP ASAP 

Percentage of pavement segment evaluated? 100% 100% 100% 

Who tests for smoothness during construction? Contractor with Contractor Contractor 
straightedge 

Who approves ride quality levels at completion? DOT DOT DOT 

Direction of ride quality testing? Traffic flow Traffic/low Traffic flow 

Notes: Milling limit- the thickness that existing pavement is milled before an overlay is applied (varies from project to project & in some cases no mill
ing is required. Bump size - maximum deviation in roughness profile. 

material for all paving jobs. Resurfacing pro
jects generally require a milling depth of 2 
inches, and HMA overlays are used. MHD 
does not require the use of a transfer vehicle 
during paving operations. 

The contractor is responsible for producing 
a smooth pavement that is acceptable to the 
state agency during and after paving opera
tions. MHD uses an ARAN device that is simi
lar to ConnDOT's ARAN. The ARAN, 
mounted on the front of a van, uses laser and 
acoustic technologies. It is equipped with a 
video camera and a data recording center. 

Initial ride quality data are collected less 
than 24 hours after completing all pavement 
operations. The entire project is divided into 
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sections, and measurements are recorded in IRI 
levels for each section. The measurements are 
taken in the direction of traffic flow in the right 
and left wheel paths in each lane. 

Payment for each job is based on the IRI 
scale. The department pays both bonuses and 
penalties for jobs completed by contractors. A 
pay scale determines the percentage that the 
contractor is paid, based on the IRI levels re
corded by the ARAN. 

Massachusetts Turnpike Authority (MTA). The 
MTA uses HMA concrete as its primary paving 
material. Unlike other SHAs, it requires that a 
transfer vehicle be used, having learned that 
the use of a transfer vehicle can improve pave
ment smoothness. When resurfacing, MTA en-



gineers determine the milling depth for the 
project, which usually amounts to less than 3 
inches, and an HMA overlay of the desired 
thickness is then put down. The MTA has de
veloped a ride quality specification, which has 
been in use since December 1995.11 

Contractors measure initial ride quality us
ing a straightedge. However, the MTA mea
sures smoothness levels throughout the pro
ject, using a profiler. Upon project completion, 
the MTA measures smoothness over the entire 
length of the project less than 24 hours after 
paving operations have ceased. Measurements 
are taken in the direction of traffic flow in the 
right and left wheel paths. Measurements are 
recorded in IRI levels. 

Payment for each job is based on the IRI 
scale. The MTA pays both bonuses and penal
ties for jobs completed by contractors. 

New Hampshire Department of Transportation 
(NHDOT). NHDOT uses HMA as its primary 
paving material. The use of a transfer vehicle 
is left up to the contractor. Resurfacing pro
jects may or may not require milling; the de
termination is made on-site by an NHDOT en
gineer, and an HMA overlay of the desired 
thickness is used. NHDOT has conducted a pi
lot ride quality study as part of its quality con
trol/ quality assurance program which began 
in 1995 and has been recently fully imple
mented. The study, which was based on ran
dom sampling and statistical analyses, would 
permit an initial ride quality specification to 
be implemented. 

NHDOT has found that a profilometer that 
uses an infrared sensor mounted on the front of 
the vehicle is the most accurate device for mea
suring initial ride quality. Unlike other devices 
used in New England, this type of profilometer 
does not measure smoothness using the IRI 
scale; instead, smoothness is measured using 
the ride number (RN). The data processing unit 
is different from that used in the ARAN. 

Contractors measure initial ride quality us
ing a straightedge. NHDOT tests smoothness 
levels on new pavements during construction, 
using a straightedge, and after all paving oper
ations have been completed. 

The ride number is measured for the entire 
length of a project. The measurement is taken in 
the direction of traffic flow in the right and left 

wheel paths in each driving lane. The depart
ment uses linear pay adjustments. 

Rhode Island Department of Transportation 
(RIDOT). RIDOT uses HMA as its primary 
paving material. Use of a transfer vehicle is up 
to the contractor. When resurfacing, the 
agency generally requires a milling limit of be
tween 2 and 2.5 inches, then an HMA overlay 
of the desired thickness is put down. RIDOT 
does not own or operate a ride quality measur
ing device. A local consulting firm operating 
an ARAN that uses laser and acoustic tech
niques performs the testing. RIDOT is cur
rently developing and implementing a ride 
quality specification. 

Contractors measure initial ride quality us
ing a straightedge. After project completion, 
the agency contracts with the local firm to col
lect initial ride quality data. Smoothness levels 
must comply with RIDOT written agreements 
that are set before construction. 

Measurements are recorded in IRI levels for 
the entire length of the project in the direction 
of traffic flow, in the right and left wheel paths 
in each driving lane. RIDOT has no bonus or 
penalty payment schedule. 

Vermont Agency of Transportation (VAOT). The 
VAOT uses HMA concrete as its primary paving 
material. The use of a transfer vehicle during 
paving operations is up to the contractor. When 
resurfacing, VAOT engineers determine on-site 
if it is necessary to mill. If milling is found to be 
necessary, a depth is chosen and an HMA over
lay of the desired thickness is put down. 

VAOT measures initial ride quality with a 
ride meter. This device is a response-type road 
roughness system mounted on a trailer and 
pulled by a van owned by the agency. The data 
processing center is a laptop computer. VAOT 
is currently developing and implementing a 
ride quality specification. 

Contractors measure initial ride quality us
ing a straightedge. Initial ride quality data are 
collected less than 24 hours after completing all 
pavement operations. Measurements are cal
culated using the IRI scale, recorded from read
ings taken from the axle centerline deviation 
for the entire length of a project. 

Payment for each job is based on the IRI 
scale. The VAOT pays both bonuses and penal
ties for jobs completed by contractors. 
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TABLE 5. 
Kansas DOT Price Adjustment Scale 

Profile Index (in./mile) Price Adjustment($) 

<7.0 + 152.00 

7.2 to 10.0 + 76.00 

10.1 to 40.0 0.00 

>40.1 - 2.03 

Kansas State Department of Transportation 
(KDOT). KDOT uses both HMA and PCC in 
paving and requires the use of a transfer vehi
cle. When resurfacing, KDOT engineers deter
mine on-site the appropriate depth, then an 
HMA overlay of the desired thickness is put 
down. KDOT has written ride quality specifi
cations for both paving practices, which have 
been in use since 1990. The specification re
garding the hot BAC method is relevant to pav
ing practices in New England. 

Contractors measure initial ride quality us
ing a straightedge. Initial ride quality data are 
collected less than 48 hours after completing all 
pavement operations. KDOT uses a 25-foot 
profilograph that responds to the pavement's 
vertical displacement, called the profile of the 
roadway. The information is gathered in 
0.1-mile sections and is recorded as a profile in
dex (PI) expressed in inches/mile. Two runs 
are made at a distance of 2 to 3 feet from each 
lane edge, and the data are collected and re
viewed. The average profile for each section is 
determined, and the contractor's price is ad
justed according to Table 5. 

Michigan Department of Transportation 
(MiDOT). MiDOT uses both HMA and PCC in 
paving and requires the use of a transfer vehi
cle. Resurfacing projects generally require a 
milling depth of greater than 1.25 inches; fol
lowing milling an HMA overlay of the desired 
thickness is put down, 

MiDOT has a 25-foot profilograph and a 
rapid-travel profilometer. Initial ride quality 
specifications have been written for both pav
ing practices. The specification regarding the 
HMA method, with measurements taken with 
the profilometer, is relevant to paving practices 
in New England. 
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The rapid-travel profilometer is more fre
quently used than the 25-foot profilograph. It is 
similar to the laser-based profilometer that 
NHDOT uses. The rapid-travel profilometer 
expresses the ride quality of a pavement as ride 
quality index (RQI) units or inches per mile. 
The RQI is a measurement of the true profile of 
the roadway; this indicator selects statistical 
properties that relate to perceived vehicle user 
response.3 

Initial ride quality data are collected less 
than 24 hours after completing all paving oper
ations. As an incentive for contractors to de
velop a smooth riding pavement, MiDOT uses 
a pay scale that varies according to different 
levels of initial ride quality. 

Texas Department of Transportation (TXDOT). 
TXDOT uses both HMA and PCC in paving 
and does not require the use of a transfer vehi
cle. Resurfacing projects generally require a 
milling depth that is determined on-site by a 
TXDOT engineer. TXDOT has written a ride 
quality specification to satisfy all profilographs 
and this specification has been in use since 
1993. The specification refers to the HMA 
method. 

Contractors measure initial ride quality us
ing a straightedge. Initial ride quality data are 
collected less than 24 hours after completing all 
pavement operations. The profilograph resem
bles that of KDOT's in that it responds to the 
pavement's vertical displacement and, thus, re
cords a profile of the roadway. 

The contractor must test 0.1-mile sections of 
the project using a 25-foot profilograph, or a 
similar type of profilograph, yielding a PI ex
pressed in inches per mile. Two runs are made 
at a distance of 2 to 3 feet from each lane edge, 
and the data are collected and reviewed. The 
average profile for each section is determined, 
and the contractor's price is adjusted according 
to a scale. 

Summary 
In helping SHAs in New England address is
sues and questions surrounding the develop
ment and implementation of a ride quality 
specification, a literature synthesis was con
ducted and documented. In addition, a survey 
of current ride quality and paving practices 
was performed and summarized.11 Finally, a 



ride quality specification is proposed as a 
guide. This proposed specification is not meant 
to replace or change specifications developed 
by others, including the Federal Highway Ad
ministration (FHWA) or the American Associa
tion of State Highway and Transportation Offi
cials (AASHTO).12 

The proposed ride quality specification has 
four major sections. This specification should 
be used only as a guideline for SHAs when im
plementing a ride quality specification for hot 
mix asphalt pavements. This specification may 
or may not meet all the needs or expectations of 
all SHAs. This ride quality specification is pro
posed as a guide to assist those SHAs in New 
England that are in the process of formulating 
and implementing such specification. While it 
is recognized that some SHAs are further along 
in the process than others, this proposed speci
fication may be more useful and instructive to 
those SHAs that are in the early stages of the 
process. It should also be noted that this ride 
quality specification is proposed for use on 
highway projects with flexible pavements, in
cluding an HMA wearing surface. 

Some of the following items should be 
considered in developing the specification: 

• The type of surface to be measured; 
• A proposed schedule for data collection; 
• The type of paving practices used on pro

jects; 
• The types of projects not subject to the 

specification; and, 
• Sections of the project that are to be ex

cluded from data collection. 

Equipment used for data collection should 
be a Class I or Class II device (see Table 1 on 
page 53) as defined by the American Society for 
Testing Materials (ASTM-E950). Class I pave
ment smoothness measuring devices represent 
the highest standards of accuracy for measur
ing pavement smoothness and measure in in
tervals less than or equal to 1.0 foot. Direct pro
file measurement of a pavement is recorded 
with a Class II device. Laser and acoustic tech
niques, which must be calibrated in accordance 
to the manufacturer's specifications, are in
cluded in this classification. Measurements in 
this category are recorded every 2 feet or less. 

This device should also be able to calculate the 
IRI or another measurement parameter subject 
to the approval of the agency implementing the 
specification. 

SHAs in the United States record initial ride 
quality using different measurement indica
tors. The IRI is a measurement that represents 
the response of a typical passenger vehicle as a 
result of a road's roughness.13 The IRI is being 
considered by all SHAs in New England (with 
the exception of NHDOT) and was suggested 
in the proposed specification. 

Ride quality bonuses and penalties are used 
by some agencies to encourage contractors to 
perform high-quality work. Bonus and penalty 
schedules should be applied to a ride quality 
specification. The values used in the proposed 
specification should be suitable for the New 
England region. SHAs should adjust the IRI 
values and bonus and penalty schedule as nec
essary. 

Since the average IRI value may not suffi
ciently capture the variation in IRI over the entire 
length of the group of intervals, some SHAs may 
decide that a measure of variation (e.g., standard 
deviation) should be used together with the aver
age IRI. The IRI values and bonus and penalty 
schedules will vary from state to state and the IRI 
values in the proposed specification are only of
fered as a reference point, based on the experi
ence of New England SHAs to date. 

A Proposed RQ Specification 
General. The contractor in cooperation with the 
SHA shall determine the smoothness of an 
HMA surface using a smoothness-measuring 
device. Smoothness data should be collected 
within 48 hours of completion of the paving 
portion of the project and the results should be 
presented to the SHA within 10 days. The costs 
incurred by the contractor to collect and ana
lyze smoothness data should be included in the 
total project bid price. 

All paving projects requiring a minimum of 
two courses in which the compacted depth of 
each course is 1.5 inches or greater are subject to 
this specification. Paving practices and proce
dures (including the number of courses and the 
thickness of each course) may vary from project 
to project within each state and from state to 
state. Consequently, some SHAs may desire to 
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modifythis provision in concert with their cur
rent paving procedures. 

While the smoothness of all HMA pavement 
projects must be measured and corrected as 
necessary to meet minimum standards con
tained in this specification, tj:,.e following pro
jects are not subject to the pay adjustments pro
posed in this specification: · 

• Existing pavement that is milled, then re
surfaced with less than 2 inches of HMA. 

• Existing pavement that is cold recycled, then 
resurfaced with less than 2 inches of HMA. 

. 
An underlying aim of this provision is to en-
courage (to the extent possible) the highest 
level of ride quality on all paving projects re
gardless of surface thickness. However, it is 
recognized that overlays of less than 2 inches -
even when applied over a prepared surface -
may not be able to achieve the smoothness lev
els of a thicker overlay with multiple lifts: 

Measuring smoothness on (or near) certain 
roadway features may require special treat
ment due to the presence of joints and certain 
geometric characteristics. Therefore, for sim
plicity and ease of implementation, these road
way sections have been e~cluded from this pro
posed specification: 

• Bridge decks and joints; 
• Acceleration and deceleration lanes; 
• Shoulders and ramps; 
• Pavement on horizontal curves which 

have a 900 feet or less centerline radius of 
curvature and pavement within the 
superelevation transition of curves; and, 

• Existing roadways that are resurfaced and 
are less than 1,000 feet in length. 

These project sections should be tested for 
smoothness with a straightedge or stringline. 

Equipment. The data necessary to calculate 
the IRI will be collected with a smooth
ness-measuring device of the contractor's 
choice, subject to the approval of the SHA. This 
device should be a Class I or Class II device as 
defined by ASTM-E950. Where necessary and 
appropriate (as deemed by the SHA), a 
straightedge may be employed to supplement 
the use of the Class I or Class II device. 
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IRI. The final pavement surface shall be 
evaluated for smoothness using a device capa
ble of calibrating the IRI as defined by the 
World Bank. Other measures, such as the RN or 
RQI may also be considered for use. The IRI is a 
mathematical summary of the longitudinal 
surface profile of a roadway in a wheel path. 
The IRI represents the response of a typical pas
senger vehicle as a result of a road's roughness. 
A value of zero is perfectly smooth pavement 
surface and values greater indicate rougher sur
faces. The IRI is independent of distance trav
eled; thus, it can be calculated for any length of 
section. The IRI value is computed from the sur
face elevation data collected by a smooth
ness-measuring device in one wheel path. 

Payment is based on the smoothness of the 
road measured in IRI units. The following 
steps will be carried out to obtain IRI measure
ments: 

1. All data will be referenced by mile from 
the nearest mile post prior to the newly con
structed section. If the section beginning co~ 
incides with a mile post, then: all data will be 
referenced from the mile post one mile prior 
to the section. 

2. Only mainline travel lanes will be in
cluded. Profile testing will be suspended 
0.02 miles prior to the first and 0.02 miles af
ter the last expansion joint on bridge decks. 
The exact location for the suspension and re
sumption will be determined and recorded 
in the field by the device operator. These lo
cations will be used for all test runs in all 
mainline travel lanes. 

3. Data collection will cease at the nearest 
mile post after the end of the newly con
structed section. 

4. All data will be collected at sampling 
intervals of a maximum of 2.0 feet along the 
length of the road in both the left and right 
wheel paths and will be reported in 0.1 mile 
intervals. 

5. The IRI value for each lane will be mea
sured in each wheel path at least twice. 

6. The IRI data for the acceptable passes 
will be averaged for each lane and an overall 
average IRI will be determined for each 
lanes for each 0.1 mile interval. (For ease and 
simplification purposes, some SHAs may 



prefer to estimate an overall average IRI for 
the entire roadway project.) 

Payment Adjustment Criteria. Payment on 
smoothness will be made for each 0.1 mile in
terval or group of intervals based on the aver
age IRI. Any interval (or group of intervals) re
sulting in zero payment shall be removed, 
disposed of and replaced at the cost of the con
tractor. Payment factors are shown in Table 6. 
Because an average IRI value may not suffi
ciently capture the variation in IRI over the en
tire length of the group of intervals, some SHAs 
may decide that a measure of variation (e.g., 
standard deviation) should be used together 
with the average IRI. These examples 
demonstrate the use of the standard deviation: 

• A group of0.1-mile intervals consisting of 
500 tons of HMA has an IRI value of 70 
with a standard deviation 22.0 (assuming 
that HMA is $30 / ton). The final payment 
factor is equal to (PF1 + PF2), or 100 + 0. 
Total payment is equal to the final pay
ment factor divided by 100 times pave
ment cost times pavement quantity (in 
tons), or 1.00 X $30.00 X 500 ($15,000.00). 

• A group of 0.1-mile intervals consisting 
of 500 tons of HMA has an IRI value of 70 
with a standard deviation 9.0 (assuming 
that HMA is $30/ton). The final pay
ment factor is equal to (PF1 + PF2), or 100 
+ 6. Total payment is equal to the final 
payment factor divided by 100 times 
pavement cost times pavement quantity 
(in tons), or 1.06 X $30.00 X 500 
($15,900.00). 

If the IRI at O percent payment is exceeded, con
struction must be suspended and will not be al
lowed to resume until corrective action is taken 
by the contractor. 

Corrective Actions. After paving has ceased, 
all areas shall be inspected by an engineer and 
any area within a 15-foot straightedge having 
high points (bumps) or low points with devia
tions in excess of 0.3 inches should be corrected 
regardless of the IRI value. 

The corrective method(s) chosen by the con
tractor shall be subject to the approval of the en
gineer and shall be performed at the contrac-

TABLE 6. 
Payment Factors 

Percent Payment (PF2) Standard Deviation 

+6% 0-10 

+4% 10.1-15.0 

+2% 15.1-20.0 

0% 20.1-25.0 

-2% 25.1-30.0 

-4% 30.1-35.1 

-6% >35.1 

tor's expense. The contractor shall retest any 
section where corrections were made to verify 
that the corrections have been made to the engi~ 
neer's approval. Corrective actions might in
clude: 

• Demand grinding or use of other profiling 
devices; 

• Removing and replacing the entire pave
ment thickness; 

• Removing the surface by milling and ap
plying a lift(s) of the specified surface 
course; 

• Overlaying (not patching) with the speci
fied surface course; or, 

• Use the other methods that will provide 
the desired results. 

MATTHEW J. CHASE is a Civil/ 
Transportation Engineer with Fuss & 
O'Neill, Inc., in West Springfield, 
Mass., and an associate member of 
ITE. He received a B.S. in Civil Engi

neering in 1996 and an M.S. in Transportation En
gineering/Planning in 1997 from the University of 
Massachusetts at Amherst. His experience includes 
a wide variety of both public and private sector 
transportation projects, with particular emphasis 
on land development and the evaluation of transpor
tation mitigation measures. 

JOHN COLLURA is a Professor of 
Civil Engineering at Virginia Tech 
and a registered professional engineer. 
He is also the Director of the Ad
vanced Transportation Systems and 

CML ENGINEERING PRACTICE SPRING/SUMMER 2000 63 



Infrastructure Engineering Programs at Virginia 
Tech's Northern Virginia Center. His current re
search interests focus on the use of information tech
nology in the planning, design, evaluation, and de
ployment of surface transportation systems. He 
currently serves as the Chair of the Intelligent 
Transportation Society of America (ITSA) Educa
tion and Training Committee and recently received 
the Carl T. Humphrey Award at Villanova Univer
sity for his contributions to the engineering profes
sion. 

TAHAR EL-KORCHI is a Professor 
in the Civil and Environmental Engi
neering Department at Worcester 
Polytechnic Institute. He received his 
Ph.D. in Civil Engineering from the 

University of New Hampshire in 1987. His research 
interests include carbon and oxynitride glass fiber 
reinforced cement composites, development ofhigh
strength composites, development of novel tensile 
testing techniques, reliability of fiber-reinforced ce
ment composites ,freezing and thawing durability of 
concrete, detection of pavement surface distress us
ing image technology, the use of imaging technology 
for mechanical testing of materials, and fracture me
, chanics testing of asphalt concrete. 

KENNETH B. BLACK, P.E., received 
his Ph.D. from the University of Mas
sachusetts at Amherst. Currently, he 
is a private consulting engineer in 
Greenfield, Mass., and teaches 

part-time at Smith College inNorthampton, Mass. 
He was formerly Town Engineer for Greenfield and 
has taught in the Civil Engineering Departments at 
the University of Massachusetts and at Worcester 
Polytechnic Institute. 

REFERENCES 

1. Janoff, M.S., "Pavement Smoothness," IS 111 Na
tional Asphalt Pavement Association (NAPA), Lanham, 
MD, 1991. 

64 CIVIL ENGINEERING PRACTICE SPRING/SUMMER 2000 

2. Sayers, M.W., Gillespie, T.D., & Paterson, W.D.O., 
"Guidelines for Conducting & <;:alibrating Road 
Roughness Measurements," World Bank Technical Pa
per Number 46, World Bank, Washington, D.C., 1986. 

3. ERES Consultants, Inc., "Smo.othness Specifica
tions for Pavements," NCHRP Project 1-31, Technical 
Memorandum, November 1994. 

4. Black, K., "Toward the Development of an Initial 
Ride Quality Specification," dissertation submitted 
to the Graduate School of the University of Massa
chusetts, May 1997. 

5. Collura, J., & El-Korchi, T., "A Proposal to Conduct 
a Study Entitled Guidelines for Ride Quality Accep
tance of Pavements," University of Massachusetts 
and Worcester Polytechnic Institute Transportation 
Departments, 1995. 

6. Kulakowski, B.T., & Wambold, J.C., "Develop
ment of Procedures for the Calibration of 
Profilographs," The Pennsylvania Transportation Insti
tute, February 1989. 

7. Carmichael, R.F., Moser, L.0., & Hudson, W.R., 
"Measurement of Pavement Smoothness for Con
struction Quality Control," Arizona Department of 
Transportation, February 1992. 

8. Staigle, R., Ksaibati, K., & Adknis, T., "Smoothness 
Effectiveness of Flexible Pavements," TRB Report 
96-0145, University of Wyoming, August 1995. 

9. Smith, K.L., Smith, K.D., Hoerner, T.E., & Darter, 
M.I., "On the Effect of Initial Pavement Smooth
ness," TRB Report 97-1146, December 1996. 

10. Shuler, S., & Horton, S., "Development of a Ratio
nal Asphalt Pavement Smoothness Specification in 
Colorado," TRB Report 96-0342, Colorado Depart
ment of Transportation, 1995. 

11. Chase, M.J., "Guidelines for Ride Quality Accep
tance of Pavements," masters thesis submitted to the 
Graduate School of the University of Massachusetts, 
September 1997. 

12. Federal Highway Department, "Appendix J," 
FHWA Order M 5600.1.B, Washington, D.C., August 
1993. 

13. Massachusetts Turnpike Authority, Specifications 
for Bituminous Concrete Paving, Boston, Mass., 1996. 


