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'ABSTRACT

| |
The results of a five-year study of the riding qualities of recent]y
constructed New Jersey pavemehnts and bridges are reported. The principal
sources of roughness on these surfaces and the development of proposed
smoothness acceptance specifications are described. The bituminous and
concrete pavements studied were all of high-type (principally Interstate)
construction on new alinement. '

Determinations of relative roughness were made with a BPR-type roughometer
and a 10-foot rolling straightedge. The output of the roughometer is
evaluated using the FHWA adjective rating system and, to a limited extent,
in terms of the AASHO Road Test "Present Serviceability Concept". The
latter (PSI) criteria appears to have little applicability to New Jersey
conditions. Rolling straightedge data is evaluated by means of criteria
developed from observed correlations between the rideability indicated

by the roughometer and the severity and extent of surface irregularities.

According to the'FHWAlcriteria, the average new bituminous pavement

surveyed during this study possessed only a "Fair" level of riding quality.
However, there is a significant and encouraging trend for more recent
bituminous construction to be of improved smoothness. Described improvements
in the specified equipment, methods of construction, and payment method
appear to be the major causal factors.

The average new concrete pavement was found to possess an even lower level
of rideability. An FHWA adjective rating of "Fair to Poor" is indicated
for typical New,Jerseyiconcrete construction. This result represents a
general reduction in quality level compared to work accomplished in eariier
periods in New Jersey. In spite of considerable experimentation with
construction methods and equipment (including slip-forming), significant
rideability 1mproVemenks in pavements of New Jersey's present standard
design appear unachievable without a return to long-past standards of
workmanship.

The roughness data obtained on New Jersey bridge decks confirms the
beneficial effect of using mechanical rather than manual methods for concrete
strike-off and finishihg. Recent specification changes--including provisions
which require use of mechanized deck finishing equipment on the majority of
future projects--can be expected to effect an overall improvement in New
Jersey bridge rideability.

New Jersey's current "zero" straightedge defect smoothness specification is
unrealistic and unenforceable. New surface smoothness specifications have
been developed for New Jersey. These require acceptance testing of pavements
and bridges with a rolling straightedge to determine the percentage of the
surface length exceeding a tolerance of 1/8 inch in 10 feet. A graduated
schedule of payment reductions is proposed when a non-compliant level of
riding quality is indi¢ated. ’
|
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1.0 RESEARCH OBJECTIVES

This Summary repdrt outlines the results of a'five-year s tudy
| undertaken to determine the riding qualities of recently constructed
New Jersey pavements Jnd bridges, to identify the sources of roughness
on the measured surfaces and to investigate the desirability of adopting
riding quality acceptgnce specifications. The bituminous and concrete |
~pavements studied a11 were of high- type (princ1pally Interstate)
construction on new aihgnment

2 0 ROUGHNESS TESTING\EQUIPMENT AND EVALUATION CRITERIA

2.1 General Information 7
| " The re]ative rougbness determinations:of this work were made with
two measurement devicés: o‘BPR-type roughometer and a 10-foot rolling
Straightedge.vahe outbut of the roughometer--the "Roughness Index" in
y ‘ inches per mi]e-;repre%entsithe vertical excursions of a fifth-wheei towed
| | along a roadwoy'at a test‘speed of 20 miles per hour. The ro]]ing
straightedge indicates‘the,length, magnitude, and high or Tow nature of ‘

individual surface variations exceeding 1/8 inch in ten feet. New Jersey

specifications contain the requirement that no such defects are to be

permitted in,the,finisbed surface of pavements or bridges.

: |
2.2 The New Jersey Roughometer

The results of reoeatabi]ity tests and comparison runs made with
other roughometers havé indicated the overall output of the New Jersey
roughometer model to be both reasonabiy consistent and in general accord

|

with that of Similar equipment from other agenc1es. At various times during

the study, however, con51derab1e equipment downtime resulted from the




required repair or replacement of electrical and mechanical components

of the roughometer. As a cohsequence, the roughness of certain of the

later studied projects was gauged by straightedge measurements alone.

To provide back-up for the roughometer in future riding'qua1ity studies,

the Department is acquiring a similar, but reportedly more trouble-free,

high-speed roughness measurement device known as the "Mays Ride Meter".
Perhaps the most widely applied criteria for evaluating roughometer

output, and that given emphasis'in the present report, was developed by

the Federal'Highway Administfatioh (FHWA). The adjective ratings‘applied

to values of roughness index in the FHWA system (Table S-1) evolved from

an analysis of riding quality achieved in practice, based on a multi-

state sampling of new Interstate construction. As shown, different
criteria are used for the two pavement types. Because of the generally
greater roughness of concrete roads, the FHWA system is purposely less

critical of the rideability of rigid type pavements.

TABLE S-1: FHWA ROUGHNESS EVALUATION CRITERIA

Roughness Index
(Inches per Mile)
Rideability
Bi tuminous Concrete Rating
Pavement Pavement
Below 54 Below 67 Outstanding
54-66 67-81 Excellent
66-82 81-99 Good
- 82-102 99-121 Fair
Above 102 Above 121 Poor

As an adjunct to descriptive ratings made using the FHWA guidelines,
the studied pavements are to a limited extent also evaluated in terms

of the "Present Serviceability Index" provided. Present Serviceability
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Index (PSI) isua'number between 0 and 5 that represents an estimate of
the average opinjon of h1ghway users as to the ab111ty of a particu1ar
pavement to serve traffic in its exist1ng condition, vThis estimate is
deriyed from equations combining Various physical measurements'of

pavement character1St1cs with the predominant we1ght betng assigned

to wheelpath roughnesss The decrease in PSI with increased traff1c
| loadings (or time) is the basis of an accepted definition of pavement
performance e ’ | 7

The information.ms to the condition and estimated remaining life
of pavementsohtainable‘thru application of the present serviceabi]ity
concept has been used hy numerous states to compare alternate pavement
de51gns and to assist ﬁn programming rehabi]itation work In the present
research, the d1scussion offered pr1nc1pa11y centers on the fundamental
1_;__of applicabi]ity of the serv1ceab111ty concept to design and

“maintenance decis1ons 1n New Jersey

2.3 The New Jersey Rolling Stra1ghtedge

A series of repeamab1]1ty tests 1ndicates that the ro]11ng

straightedge as used in New Jersey can, w1thin a g1ven day, provide

a precise measure of the surface characterist1cs of a pavement. The

accuracy of the readinbs and their subsequent repeatability are dependent

upon factors which genera]]y can be controlled by the user, the most _
important of which is the calibration of the devwce vathe h1gh
“reliability required 1n a cr1t1ca1 app]icat1on such as smoothness
acceptance test1ng is to be achieved, a (we1at1ve]y qu1ck and s1mp1e)

straightedge calibration check must be performed each testing day.




An~acceptab]e limit for straightedge:deviations measured-On‘a
project--in fact, the format in‘Which such data'shouid‘be;evaiuated;—is
an’unsettied:vquestion. Since the ro]iing straightedge 1s generai]y
more useful for field controi of project roughness than the roughometer,

a major study effort was directed at determining eva]uation criteria

for straightedge data. This 1nvestigationvcon51sted of determining the
correlation between the output of the roughometer and rolling straightedge.
and thus the extent to which the accepted riding quality standards for
roughometer data can be transferred to a roughness equivaient in terms

of straightedge data |

2 4 Interre]ationship of Roughometer and- Straightedge Measurements

' In performing roughometer rolling straightedge reqre551on analyses,
the Roughness Index for se]ected quarter-mile test sections was compared :
to rolling straightedge output expressed 1n terms of three summary
statistics: the total number of deviations exceeding 1/8", the percent
defective length, and deviation'area,i The latter two data presentations
are employed to take into account the:severity of the recorded deviations.
Percent defective length is computed by adding the lengths of individual
surface defects exceeding the 1/8“ to]eranre, d1v1d1ng this sum by the
length tested, and multiplying by 100 to convert to percent. The total
deviation area in square inches'is the sumvoi the areas of individual
dev1ations caicuiated as rectang]es hav1ng the dev1at10n length and
magnitude as sides.

Based on the-comparison of roughness measurements on a totai of
17 miles of concrete and 32 miles of bituminous pavement, a good
relationship at a high level of significance was found to exist between

the two New Jersey roughness measurements devices on both rigid and



flexible pavement. In the roughness range of primary interest (i.e., up
to 20 inches per mileiinto the "Poor" category), a simoie linear relationship
exists between‘roughness index and straightedge defects expressed in terms
of each of the three neasurement parameters (number, length, or area of
defects). In view.ofthiscorrelat1on, it is conc1uded that rolling
straightedge data prorides a valid alternate method of'characterizing
pavement rideabi]ity, and one which might reasonably be used as the basis
for a smoothness acceptance specification in New Jersey.

A comparison of the roughness regression plots for New Jersey rigid
and flexible pavement# reveals a pronounced contrast with respect‘to the
relative influence of neasured surface irregularities on the two pavement
types. This difference directly reflects on proposed future roughness control
procedures. As 111ust}ated in Figure S-1, if concrete and bituminous pavement
contain equally extensﬁve surface variations, the bituminous pavement will
generally receive a markedly lower rideability rating. For example, a working
range of 0 to Z-oercent defective length almost completely defines "Good"
thru "Poor" bftuminousirideabi]ity. In contrast, any concrete pavement
characterized by this range of‘data would be expected to receive a "Good"

FHwA ratfng. |
The indicated more severe relationship between the extent of straightedge

defects and the‘rideabi1ity of bituminous pavements is believed to result
from two sources. First, since a bituminous pavement generally must display
'a lower Roughness Index than a concrete pavement for the same FHWA rating to
be app]ied a more critica] rating is also expected if the roughness level
is expressed in terms of straightedge data. The second influencing factor
relates to differencesiin the absolute profile between formed and non-formed
construction. That 1st long- and/or short-wave]ength surface defects that
detract from r1deab111ty but which are not measured by the stra1ghtedge are

apparently more preva]ent on bituminous construct1on
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3.0 PAVEMENT RIDING |QUALITY FINDINGS

3.1 Summary of Measurement Results

The riding quality of New Jersey's recent pavement construction

was based on a‘rough?meter sample consisting of a total of nearly 250

miles of data (998 qdarter-mi1e sections) from 14 concrete projects and
270 miles of (top-course) data from 16 bituminous projects.

The mean Rdughnéss‘lndex of the individual concrete projects were
found to range from ﬂOI to 154 inches per mile and averaged 122 inches
per mile. Accqrding ﬁo the FHWA criteria, the as-constructed average
level of riding,qualiﬁy on one of the projects was "Good", six were

"Fair", while the remPining half were "Poor". The overall average level

of roughness for thesp projects coincides with a borderline "Fair-Poor"
FHWA riding quality réting. Two recent projects not tested with the
roughometer each éxhibited straightedge data indicative of "Poor" rideability.
The average Roughness Index of the sampled bituminous projects
ranged from 70 to 117§inches per mile and averaged 95 inches per mile.
The "average" New Jer%ey bituminous pavement thus displayed about a 25
percent lower as-cons*ructeq roughness index than our average concrete
pavement. According Fo the FHWA criteria, the average level of riding
quality on one of the bituminous projects was a borderline "Excellent",
five merited “Good", four "Fair", and six "Poor". The overall average
vcorresponds to a "Fai%" FHWA rating. One each of three recent bituminous
projects whose roughness was gauged by straightedge measurements alone
displayed surface varfation that would be expected to yield "Excellent",

"Good", and "Fair" roughometer readings respectively.



In addition to this rather extensive testing of finished
pavement surfaces, a more limited samp]ing was also made of the
roughness of shccessive bituminous courses on selected projects.

The most significant point associated with the observed course-to-
course reductions in Roughness Index is that the average total
improvement on each of the tested projects was essentially the same:
about 55 + 15 inches per mile from base to top. This fndication
that there is a relatively fixed level of improvement that can be
expected from the first to last courses placed emphasizes the
necessity of minimizing surface irregularities in even the first
course. The indicated course-to-course reductions in measured
defects can be used to formulate rules-of-thumb as to the limiting
values of straightedge defects on intermediate courses that will
result in a final surface of the desired riding quality. Specifically,
the collected data suggests that whenever the percent defective
length exceeds about 1-1/2 to 2 percent on binder or 3 to 4 percent
on base, one might generally expect a potential problem in finally
achieving acceptable riding quality.

In Table S-2, a summary of New Jersey roughometer data for
both rigid and flexible pavements is shown compared to the 580 mile,
17 state roughometer sample used to develop the FHWA rating criteria.
The most striking difference between the two data distributions is
the inordinate percentage of "Poor" riding quality sections of
pavement in New Jersey: about 40 percent compared to 3 percent in

the FHWA survey.



| : ‘
TABLE S-2:  COMPARISON OF NEY JERSEY AND FHWA RELATIVE ROUGHNESS RESULTS

New Jer

| New Jersey Concrete sey Bituminous
FHWA Percent of Percent of | Percent of
Riding Quality| FHWA Survey Humber of A1l Test lumber of A1l Test
~ Rating in.Categqry* Projects Measurements | Projects Measurements
- - ‘ —
Outstanding 7 0 0 0 0.3
Excellent 15 | 0 0.8 1(2) 3.4
Good 54 1 14.0 5(6) 23.5
Fair 21 6 40.9 a(5) 37.0
Poor 3 7(9) 44.3 6 35.7
Sample 580 miles, 14(16) Projects, 16(19) Projects,
Size 270 miles

250 miles

*hituminous and concreteipavement combined.
|

17 s'tateis

()includes projects whos? rideability was estimated‘from straightedge data

As previously a]]uded to, consideration of the described roughometer

data in terms of the ps—constructed serviceability level (i.e. the

initial PSI va]Ues) ipdicates-that the present serviceability concept

!
apparently can have only marginal applicability in this state. In
. |

essence, the difference between the serviceability level of our pavements

when they are new (av?rage PSI's: concrete 3.5 and bituminous 3.0) and the

serviceability level Qhere rehabilitation is indicated (a PSI of 2.5) is

commonly so small that little meaningful information as to the relationship

between serviceabi]ity and applied loads might be expected from iew

Jersey's use of the sbrvicéabi]ity concept.




The histograms of Figure S-2 dépict the average‘pattern of measured
straightedge defects on pavements haVing New Jefsey‘rohghometer réadings
corresponding'to "Good" thru "Poor" rideabi]ity respectively. This
generalized illustration of how the number and severity of surface defects
varies with Roughness Index thus provides an alternate view of the nature
of pavements in our State. For exahpie, a new bituminous pavement of the
average roughness level measured in New Jeréey generaTIy might be expected
to correspond to the histogram shown for "Fair" pavement, displaying about
6 defects tqta11ing i8 feet exceeding our preseht specification surface
tolerance in ény quarter mile. The distribution of measured surface
variations on the average new concrete pavement is intermediate to that
shown for "Fair" and "Poor". Such a pavement would typiéa]]y be
characterized by about 40 defects totalling 110 feet per quarter mile in
excess of our specification. On bOth pavement types, 1/8 inch defects
are predominantly 1 to 3 feet long, while the higher magnitude defects
are common1yv3-to 6 feet long. |

3.2 Indicated Roughness Trends

In the present sample of New Jersey pavement rideability, there is a
significant and encouraging trend fdr our more. recent bituminous construction
to be of improved smoothness. For examp]e; with the exception of one
contract, all projects surveyed which were constructed using (present]y
required) pavers equipped with automatic Contro]s have received at’lggég
"Fair" ratings, with their average roughness (80 inches/mile) corresponding
to an FHWA "Good". In contrast, the earlier sampled projects constructed
using conventionally controlled pavers at best received "Fair" fafingﬁ and

average "Poor" (105 inches/mile).

-10-
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Unfortunately, no such trend for improved riding qua]ity with time
or more modern (slip-form) methods and equipment is indicated for New
Jersey concrete pdvements. In fact, thé reverse appears true. The
generally "Fair to Poor" rideability data for the pavements of this study
apparently répresents a general reduction in quality level compared to
work accomplished in earlier periods in New Jersey. A Sampling with the
FHWA prototype rbughometer of New Jersey concrete pavements built during
the late 1950's and early 1960's indicated that the then-current level
of riding quality was generally "Good".

3.3 Influence of Joint Roughness on Concrete Pavement Rideability

New Jersey is almost unique in its use of a concrete pavement design
which exclusively employs regularly spaced expansion joints (3/4"
wide, spaced at 78'2")., These joints are normally of the formed type,
with extensive handwork being invoived in restoring a smooth finish to
the surrounding plastic conérete. The data of this study indicates'that
surface defects introduced during such joint constructioh operations are
the single most important factor contributing to the unfavorable concrete
pavement rideability in this State.

While it has been long realized intuitively that joint-related defects
detract from our pavement rideability, their actua] frequency and severity
is somewhat surprising. On the average, about 40 percent of all measured
straightedge defects are associated with the portion of the pavement in the
vicinity of the joints. Even more significantly, the longer and higher
magnitude defects that detract most from rideability occur with even

greater frequency in the joint area. For example, an average of one-half
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of all 1/4" and two-t?irds of all 3/8" surface irreguléritiéé occur at dfv
near expansion-101nts§ Apart from their number and_@énéra11y greater
severity, joint defecis canvalso be expected to exeft'a further negative
influence on'user.opigion}becauSe of the reguTarityibf‘fheir,dccurrence.
"~ While jbint-re]aﬁed defects account for a substantial fraction of
the overa1] roughness'of concrete pavements of‘ea¢h smo6thness category,
there is a trehdffor %uch,1rregu]arities to‘ac¢ount for a higher than
average percehtage of [roughness on smoother pavements and a lesser
percentage on rough p%vements.~ In other words, on a well-controlled v
project containing re]@tive1y few defects between joints, the principal
effect of joint;roughnbss is to inhibit achievement of the best level of
rideability. On the rLughest pavements, joint roughness in essence
represents but another‘contribution to an'ovéraIT pattern of surface '
deficiencies. ' |

Field forces have conducted considerable experimentation with
construction methods'aﬁd equipment in én attempt to reduce concrete
pavement roughness in beneraluand joint roughness in particular,
occasionally with some success (e.g., by finishing joints with a mechanical
tube float in slip-forﬁ work). The previously described roughness\resu1ts
indicate, however, that significantly improved rideability has yet to be
consistently achieved on any recent project. Thus, while adbption of a
‘realistic smoothness aéceptance specification might be expected to |
stimulate contractor performance to some extent, there dbes not appear
to be any substantialfhasis for optimism concerning a near-term |

improvement in the ridéability of New Jersey's standard concrete pavement.
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In order to determine the desirability and feasibility of New
Jersey's converting to a design system offering a pofenfia] for both
improved smoothhess and greater compatibility with slip-forming, this
Department recently constructed a concrete pavement of an alternate
design. This experimental pavement employed sawed contractioh joints
rather than our conventional hand-formed expansion joints.

The "Fair" rideability indicated for the resulting work represents an
improvement compared to the majority of studied projects and the involved
contractor's previous efforts in particular. However, the magnitude of
improvement unfortunately 1s far less than was expected.

3.4 Factors Influencing Bituminous Pavement Rideability

The specific rideability levels achieved on the bituminous pavements
of this study were found to have been influenced by a number of diverse,
sometimes interacting factors relating to workmanship, materials and
equipment.

The most important factor in the trend for improved bituminous ride-
abilityvin this state is the increasing (now required) use of pavers
equipped with automatic controls. As previously indicated, bituminous
projects constructed with automated pavers have displayed an average of
about 25 inches per mile greater smoothness than those constructed using
manually controlled pavers. Cited experience on certain of our projects,
however, confirms well-known performance requirements: automatic coatrols
must be used properly and must be accompanied by favorable workmanship and
materials if the smoothness potential of the equipmenit is to be realized.

A second factor observed to influence bituminous rideability is the
conduct of constrdction as a basically stop-and-go operation. That is,
while paving manuals universally caution that the bituminous laydown

operation should proceed at a speed which is both reasonably constant and
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coordinated with the rate of material supply, erratic or stop-and-go
operation has been oéserved on a number of New Jersey projects and for
a variety of reasons?(i.e.. paver, material, and/or operator deficiencies).
An extreme example of the extent to which defects introduced by stop-and-go
operations detract from pavément rideability is provided in the fu]] research
report. The provisi&n of an adequate supply of material and ensuring
continuity of laydowq will unfortunately become even more critical in the
near future as New Jérsey shifts toward echelon and thick-1ift paving.

The high relati&e frequency of transverse construction joints in
this State is a third factor influencing smoothness results. More
specifically, as a r%sult of a 500 foot limitation on the maximum length
of bituminous mat puf1s, most of the projects studied in this work could
be expected to contaﬂn at least three construction joints per quarter mile.
That this restrictioﬂ had considerable bearing on the level of rideability
achieved on particul&r projects is evidenced by the fact that in some cases
studied, all of the Qurface defects observed in a test section were
associated with the r@sumption of paving at a joint. Realizing the
difficulties in achieying a smooth ride in a pavement containing numerous
transverse joints, th% Department in mid-1970 changed the Standard
Specifications to allow laydown to extend to a maximum of 1500 feet or
such distance that the material at the longitudinal joint could be
maintained at not 1esL than 150°F.

A fourth factqr ?ound to influence New Jersey bituminous rideability
was the use of project specifications that provided for the payment of

bituminous paving courses on a square yard basis and the assessment of

penalties for deficient thickness.
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It is well-known that an innate conflict exists between the
attainment of d specified thickness and smooth ride when payment is
on a square yard basis. That is, it is a practical impossibility for
the contractor to provide the variable thicknesses necessary to correct
for surface irreguiarities in the preceding course and also maintain a
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difficulty in achieving a re]ativély smooth paving platform using
macadam base was a consideration in the Department's decision to
eliminate this item f}om pavement designs subsequent to 1970.

Final]y,.an& most elusively, the presence of a continuing concern
for good riding quality in project planning and execution is certainly
a significant factor.j To use a phrase from the literature, good
rideability requires %he application of a spirit of "Smoothness
Consciousness" on the;part of State and Contractor personnel.

In spite of the Eubjective nature of such smoothness consciousness,
comparison of the ridéab11ity results between consecutive, abutting
projects built by one' New Jersey bituminous contractor yields some
evidence of this factor at work. That is, when confronted with documentation
of the poor rideabi]ify results on the first of these two projects, the
President of the contracting firm undertook measures on the next job
that were designed tolovercome previous equipment and materials supply
shortcomings. Comparison of straightedge data made on the two projects

indicated that the contractor's work had advanced from possibly the worst

to one of the better riding jobs in New Jersey.

4,0 PROPOSED PAVEMENT SMOOTHNESS SPECIFICATIONS

New Jersey's cur?ent surface smoothness specifications possess a
number of important shortcomings. These include the lack of a specific
sampling and data repérting requirement, ?n unrealistic choice of tolerances,
and a slow, laborious method of test. The development of proposed
alternate smoothness ﬁcceptance specifications for New Jersey pavements

are described in considerable detail in the full report.



The proposed acceptance criteria require testing of the entire length

of each day's production of concrete pavement and bitum1nous surface

course with a rolling straightedge, computation of the pavement s percent

defective 1ength. and determination of the appropriate payment from

‘Table $-3.

‘The minimum number of full-length straightedge runs necessary

to determine the percent defective length of a day's work varies in

accordance with a given schedule, with the roughest pavements‘reqUiring

the most extensive sampling.

Schedule A:

Bituminous

Measured Percent

Percent

Defective Length Payment*
1.3 or less 100%
1.4 to 2.3 98
2.4 to 3.4 95

3.5 or more Remove and

- replace or
80%

'*pay item:

specification change)

TABLE S-3
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Proposed New Jersey Bid Price AdJustment
Schedules for Pavement Smoothness

Schedule B:

Concrete

Measured Percent | Percent
Defective Length | Payment
5.0 or less 100%
5.1 to 11.0 98
]1.1 to 13.9 90
14.0 or more Remove and
replace or
80% -

total tonnage of surface and underlying courses (planned




An underlying philosophy of the specification is that whenever
a contractor providesia pavement with a percent defective length that
corresponds to’a bordpr]ine/"Fair/Good“ or better FHwAvrating, no
penalty should be ass;ssed. At the other extreme, the straightedge
equivalent of "Poor tp Very Poor" rideability is judged to be a totally
rejéctab]e quality 1eye] (i.e., a remove/replace condition). Based on
the historfca] data.o% this study, a pavement receiving this most severe
penalty would be expeEted.to be at least 20 inches per mile into the
"Poor" FHWA rideability category. As the extent of surface irregularities
increases from the acceptable quality level to the totally rejectable
quality level, it is %pparent that at some intermediate point, marginal
acceptability is reacﬁed. In this work, it is concluded that straightedge
data corresponding to' a borderline "Fair/Poor" should definitely be
considered of margina? acceptability and should have at least some
associated penalty.

Translating thé described general 1imits‘of acceptability into
specific acceptance pjan provisions requires conside}ation of the
measurement variation' inherent in the straightedging process. A part of
the work thus consistéd of determining the specific extent to which
variability is introduced by the precision of the straightedge and by
sampling procedures (i.e., testing only a fraction of all wheelpaths)
on pavements of various roughness levels. This observed measurement
dispersion waSiin iurn used to generate "operating characteristic curves".
Use of these curves pérmitted the acceptance scheme to be so constructed

as to minimize risks such as wrongly accepting pavements of poor

rideability or rejecting those of good riding quality.
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While leniency was ehb]oyed at each stage of development of the
proposed specifitétions--in determihing the,penaTty ranges, the
asso;iated paymentlreductions, as well as the testing procedures--a
”reasonab1eness cﬁeck“ was required to establish thé probab1é'impact
of the‘proposa1; On concrete pavement, this investigation consisted of
a simulation of fhe proposed specifications to historical roughness data
for New Jersey paving projects. On bituminous pavement, addftibna] |
comparisons were made to the smoothness specifications and straightedge
data of other agencies. |

The trial aop]ication of the proposed smoothness specificatiqn to
the co]]ected data for bituminous projects suggests that a future project
might be expected to receive less than a 3 percent aVerage total payment
- reduction fof smoothness. On concrete pavement, an average project
penalty of 1 to 2 percent is indicated for "Fair" riding projects, and
a 5 percent for the average "Poor" project. The indicated expected
frequency and severity of penalties for future New Jersey projects is

thought to be reasonab1e.

5.0 BRIDGE DECK RIDING QUALITY FINDINGS

5.1 Background

There is no widely accepted "standard" for evaluating bridge deck

rideabi]ity, the previously described FHWA criteria having been

developed strictly from considerations of pavement riding qua]ity;
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while it is obvi%ust desirable that continuity of good riding
quality be maintainedton structures, roughness data from other agencies
confirms that cbncreté deck construction is commonly considerably rougher
than concrete pavemenF construction. As a consequence, some states are
less critical.of the }1deabi1ity of bridge decks.

The historica]lyigreater roughness of bridge decké relative to
pavements has genera1ﬂy been ascribed to significant construction
differences/difffcultﬁes occasioned by the suspended nature of bridges.

In particular, the liierature indicates that the single most important
factor entering into ﬁhis trend is that deck construction has historically
relied more on manuaIErather than mechanical means for concrete strike-off
and finishing. |

One mechanical déck screeding technique--the use of full span length,
1ongitud1naT1y* osci]iating type equipment--has received uniformly
favorable rideability reports. In several states, use of such equipment
has been observed to éonsistently yield "Good" roughness data, the average
magnitude of which wa; as little as half that for sampled manually
finished construction; However, certain other types of mechanical deck
finishing equipment Aave. at least in certain instances, received
generally unfavorable reports. For example, the transversely oscillating
type of screed has in ‘some studies been f&und to yield equal or greater

roughness than manua]ifinishing.

*The "longitudinal" and "transverse" finishing machine nomenclature used
in this work relates 'to the orientation of the working face of the screed
with respect to traffic. Thus, in longitudinal finishing, any ridges
introduced into the concrete are predominantly parallel with traffic.
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In response to the improved rideability results apparently
obtainable with various configurations of mechanical bridge deck screeding
and finishing equipment, such mechanical methods currently enjoy very
widespread use. It has recently been estimated, for example, that more
than 90 percent of current nationwide bridge construction is accomplished
with mechanical screeds.

At the inception of the present research, the use of mechanical
screeding was not required for New Jersey bridge deck construction and
manual strike-off methods--most commonly, hand-propelled vibratory
screeds--predominated.

Beginning in about 1967, a number of New Jersey bridge contractors,
with Department encouragement, elected to employ mechanical finishing
equipment. The particular devices selected for use and studied in this
research included various of the longitudinally oscillating screeds so
favorably reported on in the literature, as well as a newer type of
equipment that finishes the concrete by means of a rotating cylinder
working transversely across the deck.

5.2 Summary of Measurement Results

The bridge roughness determinations of this study were based on an
evaluation of roughometer and/or rolling straightedge data from 30 bridge
spans. This represents a sampling of 14 individual projects, with the
test sample being about equally divided between mechanically and manually-
finished decks. Each of the studied bridges were of the simple span

design that predominates in this State.
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* Manual finishﬁng: As indicated in Table S-4, the concrete
surfaces of the testéd manually finished decks displayed average
roughometer réadihgsiranging from about the same to substantially
greater than our "avérage“ concrete pavement (i.e., 125 to 192
versus 122 inéhés/mil@). These roughness values are in each case
indicative of a "Poork FHWA pavement rideability rating. On an
overall basis, the "aberage“ manually finished deck is characterized
by about 40 inches per mile (one-third) greater roughness than our
“average" (margina]]y?acceptab]e) concrete pavement. Significantly,
even if the more 1eniént bridge roughness guidelines used by some
states were applied to this data, a "Poor" or "Rough" rideability
rating would generally result.

The most important point in connection with the straightedge
data for manually finﬁshed structures is that in no case did the
tested portions of an& of these decks even approach conformity with
our existing specificgtion surface tolerance. As shown in Table
S-4, the average 1eveﬁ of cqnformity with our present stipulation
of "no" defects in exéess of 1/8 inch was found to be only 70 percent
(1.e., Lp =30 percent). This substantial non-conformity also
generally applies to the magnitude of the observed defects as well
as their extent. For example, on some manually finished spans,
as many as three-fourfhs of all defects were in excess of 1/4

inch.
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TABLE S-4:

Summary of Roughometer and Rolling Straightedge Data
for New Jersey Bridge Decks '

Roughness Sample

Average Roughness Index

Average Percent

Size of Individual Structures Defective Length, LD,
Finishing Method ‘ Prqjécts Spans - Range Average Range  :Avérage'v
Manual 8 . 16 125192 in/mi | 161 in/mi 20.1-36.6% - 29.4%
Transverse Lo a ' : ,
Roller Finisher 2 7 || 107-132 in/mi 120 in/mi 1.2-12.3% 4.4%
- Full . : ‘ , v : ' : : o
; - Span Length 3 6 --107-139 in/mi | 120 in/mi 3.9-13.2% 8.5%
Longitudinal Screed , : : ‘ : . -
Oscillating — :
Machine Partial* s o S
Span Length 1 1 141 in/mi 141 in/mi} -- --
“Screed - ' : - B .

*This equipment is essentially a mechaniZed,vld—fOQt long bull float.




In essence then,jthe roughness measurements on the sampled New
Jersey manually finis%ed decks differ only in the degree of non-compliance
with the required surface tolerance. This is a particularly significant
and surprising finding in that Certain of the studied decks resulted from

well-executed manual finishing operations.

. Full gpaﬁ ]éngthlrlongitudina1 screeds: Average roughometer
readings of'107, 115,}and 139 ihches per mile were obfainéd on three
projects constructed ﬁsing full span length, longitudinally oscillating
screeds. The highestéof these keadings was obtained on a deck which
received only one ratﬂer than the manufacturer's recommended minimum
of two finishing machfne passes.

The benefits of %u]l span length, longitudinal machine finishing
relative to manual fiqish{ng can generally be appreciated from the
roughness dat& shown fn Table S-4 (i.e., from the 120 versus 161
inches per mile average roughness index and 8.5 versus 30 average
percent defective 1enéth). However, the most meaningful comparison
of roughness results @etween these two finishing mgthods is probably
provided by the data qbtained on one particular project. That is,
on one contract, idenéica] three-span structures were built by the
same forces, in one c%se using manual methods and in the other,
longitudinal machine finishing. Subsequent roughness measurements made
on these companion brﬁdges indicated the hand-finished structure to
have twice the qveragé percent defective iength of the machine finished
structure (27 vjrsus i3 percent) and a 60 percent greater average

roughness index (170 Qersus 107 inches/mile).

-25-



Partiai’Span Length, Longitudinal Screeds}v«bne of the studied'
New Jersey decks was constructed‘using a partia]fspanviength, iongitUdinai
finishing machine. This equipment is'the type most COmmoniyvempioyed
nationally and‘eSSentiaily consists of a 1ongitudina11y osciilatinglio-foot
long float that is successively advanced across and along the deck. |

" The average roughness index of 1M inches/miie observed for th1$

deck translates as a (very) "Poor" FHNA pavement rideabiiity rating
Since the construction practices involved in placement and finishing were
rated as "Good“, it would appear that this sample can be considered as
a reasonably representative_tria] of the subJect type of finishing equipment;
While it is of course difficU]t to draw conclusions of anyﬁgreatvmoment '
from a sing]e‘test such as_this, our limited experience is simiTarvto
that reported by another state. . That is, use of the‘partialispan length
equipment yielded a rideabiiity improvement compared to the general run
of manually finiShed decks, bnt did not provide‘the smoothness achieved
on the best of the decks finished with full span length screeds.

Ro]ier Finishing: As indicated in Table S5-4, the average roughometer

readings for the tested transverse ro]]er finished bridges were about the
same as those for the full-length longitudinally screeded decks, with
respect to both.range and mean. The overall average of 120'inches‘peri"
mile for these structures is again’about 40 inches’per mile less than
the New Jersey manual finishing average and_merits’a "Good"vreiative
rideability rating according to the bridge deck'roughness criteria7

of some other states.
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The best stra13htedge data obtained on a proaect in this study

resulted from transverse roller-finishing, two structures on one
contract disp1ay1ng!near-perfect conformity to our exﬁsting surface
tolerance (LDé»l.Z%).' Inferesting]y. the worst percent defective
recorded for fhe‘rOIher-finished decks studied was 6n1y'about half
that for the gggg_ma%ually-finished deck sample.

5.3 Recently Ahopted Changes in the Specified Construction

Practices for New Je}sey Bridge Decks

Based on the ob%erved improved rideability achievable thru use
of mechanized deck f%nishing equipment, as well as the associated
potential for 1mprovéd deck durability. New Jersey has recently
adopted specif1¢atio%s which require use of such equipment on the
majority of future p?ojects. Manual deck finishing will be permitted
only in the exceptioha1 case where use of a mechanical finisher is
impractical or 1mpos%ib1e due to the limited number or size of
structures in the contract or their geometric complexity.

Realizing that % quality iﬁprovement (rideability in particular)
will not accrue auto¢atica11y from the mere provision of mechanized
finishing equipment;‘our new specifications also contain provisions
designed to yield an?overa11‘construction climate conducive to quality
work. A discussion of these new requirements--which cover both the
planning and ekecutidn phases of deck construction--and an extreme
example demonstrat1ng the need for such specifications are provided

in the full reporf

-27-




6.0 PROPOSED BRIDGE DECK SMOOTHNESS SPECIFICATIONS

6.1 General Information

New JerSey‘s deck construction provisions continue to specify‘
that the deck shall be completely free of straightedge deviations in
excess of 1/8 1ﬁ¢h in 10 feet. Since none of the bfidge decks evaluated
in this study‘éagisfied this absolute requirement, it seems apparent
that a zero defect provision is an unrealistic means of dealing with
the roughness variations expected on future New Jersey bridges.

Proposed alternate specifications for bridge deckvsmoothness afe
developed in thé report. The criteria offered are patterned after‘the
rolling straightedée-based provisions previously recommended for pavements.

vThe acceptance proposal for structures requires testing of thé entire
length of all wheelpaths in each day's production of deck concrete With
a rolling straightedge, computation of the slab's perceni defeétive length,
and determination of the appropriate payment from Table S-5. As indicated,
the percentage of the bid price'paid for deck concrete disp]aying a given
percent defective will generally vary, depending on the deck finishing method -
empioyed. That is, different requirements apply to decks machine finished
by specification requirement, to machine finishing by contractor option,

and to manual finishing.

6.2 Decks Required to be Machine Finished

The proposed riding'qua]ity requirements for decks where machine
finishing is specifically required--thus, the pkovisions which would
control in the majority of future cases--are shown in Schedule A of

Table S-5.
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TABLE S-5

Proposed New Jersey Bid Price Adjustment Schedules for Bridge Deck Smoothness

1
Schedule A:
Machine Finishing Required
Subschedule--Al: Subschedule A2:
Decks Bid in the Decks Bid
One Year Period, | ~ Subsequent to
XtoVY Date Y
P—i . ﬁ
Measured Measured
Lot Lot
Percent Percent
Defective Percent Defective Percent
Length Payment Length Payment
8.9% 6.0%
or less 100% or less 100%
6.1-8.9 99%
6.06-13,9 99% 5.0-13.C 587.5%
14,0-24.9 93% 14.0-24.9 93%
25% Remove and 25% Remove and
or more Replace or or more Replace or
| 85% 85%
| i -

L

Machine Finishing Optional*

Schedule B:

Subschedule B1:
Machine Finishing
Selected for Use
by the Contractor

Subschedule B2:
_Manual Finishing |

Selected for Use

by the Contractor

Measured | Méasured H ?+
Lot Lot
Percent Percent
Defective Percent Defective Percent
Length Payment Length Payment
-
13.9% 19.9%
or less 100% or less 100%
20.0-27.0 - 97.5%
14,0-24.9 93% 27.1-34.9 93%
25% Remove and 35% Remove and
or more Replace or or more Replace or
‘ 85% - 85%

. .

- *The provisions of this schedule are independent of project hid date.
Outline of Proposed Cessation Requirements:

If the percent defective length of a day's production exceeds the value

corresponding to 100 percent payment in Schedule Acor B, the Contractor may be required to discontinue the involved

immediate

or 35 percent on any manually finished slab.

,concretin? operations and submit a written revised plan of operations.
y initiate further project deck pours iT the percent defective

In no case will the contractor be permitted to
exceeds 20 percent on any machine finished slab



As indicated in Subschedule Al, it is suggested that the
acceptance provisions for required machine finishing be fmp]ementéd
in two steps{ An initial one-year period of very lenient provisions
is proposed priofxto the adoption of acceptance 1imits more aCCurate]y
reflecting various degree of acceptability. Specifiéa]ly, during the
first year, a_pena]ty of substance would be levied only if the
straightedge‘équivalent of "Very Poor" rideability is exceeded. This
transition period would provide contractors with the opportunity‘to
gain further experience with mechanical finishing equipment, our
new deck specifications in general, and enforced surface tolerance
requirements in particular.

The acceptance schedule for such construction in following
years (Subschedule A2) reflects the feasibility and desirability
that acceptance limits for machine-finished decks be generally
Structured to achieve a goal of comparable rideability with concrete
pavements. Like paveménts then, a graduated penalty scale is
proposed for decks which exhibit surface irregularities intermediate
to an acceptable quality level and a totally rejectable quality
level.

The proposal for decks does, however, depart from the acceptance
plan for pavement at each end of the penalty spectrum. That is,
the acceptable (no penalty) quality level for these machine-finished
bridges is set at "Fair" rideability rather than "Goed" as required

for pavements. Further, the associated percentage payment reduction
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is set such that the @ollar value of any penalty can be expected
to be relatively nomi%a] unless "Poor" or worse rideability is
provided. By émploying these measures then, New Jersey would be
foi]owing-the previou%ly noted practice of some other‘states of
being less critica] o% deck rideability in comparisdn to pavements.
A more fundament§1 departure from the pavement acceptance plan
is made at the‘other Eena]ty extreme for bridges. That is, in the
case of bridges, theré is definitely a greater potential for extensive
stra1ghtedge_defects %o occur. Further, the required removal of a
"totally unacceptab1e& riding surface is‘df far greater monetary
consequence on bridgeidecks than on pavements. It thus appears
advisable that rangesiof bridge deck percent defective length above
the "Very Poor" rideability level be accepted but with increased
percentage payment re&uctions. Consequently, during either
specification period éhown in Schedule A, decks displaying a percent
defective up to near1y twice the point where "Very Poor" rideability

is expected will be a#cepted with a penalty. This is not to say,

however, that the state should consistently accept decks which are

actually of totally réjectab]e riding quality from a given contractor.
If a contractor provi@es a span with a gross percent defective length,
this is evidence that%his methods and/or equipment are inadequate and
he should not be permitted to initiate any further project pours

until a revised plan of operations is approved. Suggested cessation

requirements for deckismoothness are outlined at the bottom of Table S-5.
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6.3 Manually Finished Decks

As previouﬁ]y noted, the roughness data obtained'on our manual
deck construction differs essentially only in the degree of
non-compliance With required surface tolerances. In the writer's
view, this éffective1y precludes formulating smoothness acceptance
specifications for such construction based on a rational balancing
of desired and achievable smoothhess quality levels. The available
data instead dfctates that acceptance be based almost exclusively on
the prevailing quality level. If, for example, the acceptance schedule
penalized some justifiable but as yet unattained level of defects, an
essentially constant minimum level of penalties would be applied
to hand-finished jobs. This circumstance would undoubtedly reflect
in a proportionate increase in deck bid prices.

Consequently, as shown in Subschedule B2, the proposal for
hand-finished decks contemplates accepting decks having the overall
range of defects observed in the research sample. Penalties are
levied exclusively on various categories of rideability which are
well above a truly totally rejectable, "Very Poor" riding quality
level. Due to their greater expected frequency on manual construction,
these higher ranges of percent defective are accepted at a lesser
relative payment reduction than on machine-finished decks of similar

roughness.
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6.4 Decks Machine Finished by Contractor Option

It is highly conéeivab]e that if given a choice between finishing
methods and faced with a single (relatively Stringent) set of provisions
applicable to machine finishing, a contractor would be extremely hesitant
to use other than manual methods. Consequently, to encourage use of
mechanized deck finishing equipment where such is not specifically
required, it is propo%ed that an acceptance schedule 1ntérmediate to
the two previously presented be adopted. Specifically, as shown in
Subschedule B1, 1t‘1s;proposed that if a contractor elects to use
mechanical finishing methods, smoothness penalties be suspended up to
the point where "Very?Poor" rideability is expected. However, if
mechanical finishing ;esults in "Very Poor" rideability--regardless
of whether such hethods were required or cﬁosen--a penalty is
appropriate. Since a reasonably conscientious contractor éan be
expected to meet thesé requirements, their adoption hopefully will
cause the contractor fo base his choice of finishing method on factors

other than smoothnessjpena1ties.

By adopting the fatter criteria, New Jersey's position would
be one of expecting génera11y good rideability (both absolutely and
in relation to the hadd-finishing option)AQut not requiring it.
While this is not an fdeal situation, consider the alternate: if a
contractor elects to dse hand finishing because he deems it his only
practical option, goo& rideability will neither be required nor

1
expected of the resulting work.
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7.0 CONCLUSIONS B

The principal conclusions derived from this‘fi#é?yéar study of
New Jersey pévemgnt riding quality are as follows: .;

1. The FHWA roughness evaluation criteria is judged to be an
appropriate means for appraising the rideability of New Jersey pavements.
Use of this criteria is predicated on obtaining a reliable assessment
of a pavement's "Roughness Index". The roughness index as measured
directly by a BPR type roughometer, or as calculated from rolling
straightedge output, was found to be readi]y determinable and with
an acceptab]é dégree of precision.

2. The "Present Serviceability Index" concept developed from
work at the AASHO Road Test has 1ittle applicability to design and
maintenance decisions in New Jersey. The difference between initial
and terminal serviceability index values for New Jersey pavements is
typically too small to permit valid judgments regarding pavement
performance. (average difference: 1.0 for concrete, 0.5 for bituminous)

3. According to the FHWA criteria, and thus in comparison to the
work of other states, the average new bituminous pavement surveyed
during this study possessed only a "Fair" 1eve1 of riding quality.
However, there is a significant and encouraging trend for more recent
bituminous construction to be of improved smoothness. Improvements in
the specified equipment, methods of construction, and payment method
appear to be the major causal factors. The impetus for certain of

these changes was provided by the initial findings of this study.
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4, The average new concrete pavement was found to possess an
even lower level of rideability than bituminous roadways. An FHWA
adjective rat1ng of "Fair to Poor" is indicated for typical New Jersey
concrete construction. In spite of considerable experimentation with
construction'methods and equipment, significant rideability improvements
in pavements of New Jersey‘s_present standerd design appear unachievable
without o return to 1ong -past standards of’uorkmanship. Recent use
of a different design,requiring sawed contraction Joints rather than
formed expansion join?s,did not provide an overall improvement of the

desired magnitude.

5. The major factors contributing to the roughness of bituminous
construction monitoreé during this study were:

a. Manual rother than automatic paver controls; improper
use of the automated controls.

b. Stop-and;go paver operation; failure to match laydown
speeds w%th rates of material supply.

c. Overly fnequent transverse construction joints.

d. Use of aimethod of payment (souone yards) that in
practicejrequired‘that a choice be made between avoiding
thicknes§ penaliies or achieVing good rideability.

e. Use of non-bituminous base courses that were difficult
to const#uct to proper grade.

f. Lack of éufficient awareness or concern for achieving smooth

pavements on the part of some Department and Contractor

personne]
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Responsive action by the Department and the contracting industry
in the form of specification improvements, changes in constructioh
practices, and educational programs appear to be making significant
progress in overcoming these deficiencies.

6. Transverse joint construction is the most significant item
affecting the rideability of New Jersey's concrete pavements. On a
typical project, about 40 percent of the pavement's sukface defects
are associated with the construction of transverse expansion joints.

7. The ten-foot rolling straightedge provides an acceptable
means for measuring the surface defects of a New Jersey pavement
and determining the associated level of rideability. Within the
roughness ranges experienced in this study, the output of the
straightedge expressed in terms of the percent defective length
correlated well with the Roughness Index indicated by the roughometer.
The specific correlations established are provided on Pages 48 and

72 of the Final report.

8. The Department's current surface smoothness specifications
are overly restrictive and difficult to apply. The requirement that
there be no surface deviations from a 10 foot straightedge in excess
of 1/8 inch is unrealistic and, thus, unenforceable. Additioﬁa]ly,
the required method of measurement is too slow and its description
in the specifications is incomplete, lacking necessary guidance

regarding sampling technique and data recordation.
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9. New surface $moothness specifications have been developed
for New Jersey pavemeﬁts. These require acceptance testing of a
pavement with a rolling straightedge and sﬁbsequent éomparisons of
the measured percent defective length to certain standards of
acceptance. A graduated schedule of payment reductions is to be
applied when a non—cowpliant level of riding quality is indicated.

The standards of acceptance, payment reduction schedule, and
sampling requirements have all been formulated by statistical means
to assure that an FHWA indicated "Good" or better riding pavement
will yield full payment to a contractor. Progressively poorer
rideability is accompanied by increasingly larger payment reductions.
The detailed specificdtion provisions formulated as part of this

research are given 1n'Appendix D (pp. 231-35) of the Final Report.

10. The roughnes% data obtained on New Jersey bridge decks
confirms the beneficiaieffect of using mechanical rather than manual
methods for concrete strike-off and finishing. Each of the sampled
manually-finished decks displayed extensive surface irregularities
and, as a consequence, none merited other than a "Poor" FHWA rideability
rating. Expectedly, the relative improvement in riding quality observed
for mechanized deck finishing varied for particular types of equipment
and project conditions. On an overall basis, surface defects on the
"average" machine-fini#hed deck were only about 1/3 to 1/7 as extensive
as on the “average" hand-finished deck. This resulted in approximately

a one-third lower average roughness index.
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11. Recent New Jersey Specification changés--including provisions'
which will require use of mechanized deck finishing‘equipment on the
majority of future projects--can be expected to effect an overall
improvement in our bridge rideability. It is further expected howéver.
that two genefa] exceptions to any such trehdvfor improyed rideability
will occur. |

First, since none of the hand-f%nished decks tested in this work
even approached conformity with requiréd surface tolerances--including
some well-executed manual operations--it seems reasonable to expect
substantial non-conformity for this entire class of Construction in
the future. It is thus imperative that from the conceptual design
. stage onward, every attempt be made to minimize the number of structures
which are not amenable to machine finishing.

Secondly, required machine finishing notwithstanding, the actual
degree of smoothness attained on all future deck projects will continue
to depend on the extent to which the variabi]ity(in every construction
input--men, materials, and equipment--is_contro]ied. In order to
stimulate contiactors to exercise the requisite control over their
operations, a realistic and enforceable New Jersey smoothness
specification 1s in order. Importantly, our existing "zero" straightedge
defect provision satisfies neither of these criteria. |

12. New surface smoothness provisions have been developed for
New Jersey bridge decks. Like the proposal for pavements, the deck
acceptance plan requires testing of a deck slab with the rdl]ing :
straightedge and application of a graduated scale of payment redubfions

to non-compliant levels of measured percent defective lgngth.
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For a given_]evev of roughness, the percentage of the bid price
paid for deck concreté!wi]l generally be different than that applied to
a concrete pavement, and wi]i vary depending on the deck finishing
method employed. This%penaiﬁy variation reflects the fact that
generally different robghness levels are achieved on pavements and
bridges and aMOng deck;finishing techniques.

The detailed deck smoothness specification brovisions formulated
as part of thieresearéh are given in Appendix F (pp. 241-46) of the
Final Report.

It 1s to be noted that the writer's basic philosophy in developing
both the deck and pavement smoothness provisions is that they should
initially be somewhat iggiggg, Implicit in this course of action is
that these proviéions %hould not be static, but rather should be reviewed
and updated in the futﬁre to reflect then-prevailing (improved) quality

levels.

8.0 RECOMMENDATIONS

1. It is rec&mmended that the New Jersey Department of Transportation
adopt pavement and bridge deck smoothness acceptance specifications based
on the output of avlo-ﬁoot rolling straightedge. A description of the
proposed pavement smooﬁhness écceptance provisions in a §uggested
specification format ié presented in Appendik Dvof the Final Report.
The proposed smoothnes§ specifications for decks are presented in

Appendix F of that repdrt.
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2. There are two possibilities for performing’the necessary
straightedge testing’of future construction projects:__the use of"'
project fnspection forces or the organization of specialized,
regional crews. The use of project inspection\fortes would have
the single 1mp6rtant advantage‘of a greater immediacy of the roughness
readings and cbnﬁequent greater potentia} for'roughness control. ,Thé‘
use of specialty straightedge crews would offer a number of important
advantages, including ease of’operator training, greater operator 
proficiency and standardization of equipment usage -and maintenance},'

It is recommended thatvstraightedge testing be performed by
regional testing forces, staffed and organized so as fo'providé timely |
riding quality information.

3. In the near future, the basis of payment for New Jersey
bituminous pavements will be markedly changed. That is, the,Depaftment
has elected to Substitute a single (tonnage) payment item--"Hot-mix
bituminous'paVement,_____jnches thick" for the present individual
“bituminous payment items. Thé proposed smoothness acceptance plan
was constructed accordingiy, with the basis ofvpenalties being the
total, full-depth tonnage of material supplied rather than surface
course alone. In the case of riding quality pena]ties, fheidetermination
of the quahtity of material in an accepfance lot will be c]umSy;,fequiring
considerable ca1culaiions on the part of field fdrces'to’determine the -
tonnage of bituminous materials qnderlying a day's‘productibﬁ of surface

course. In contrast, a determination of the daily tohnage of surface
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course is quite straightforward, requiring simply a totalling of

daily material deIive}y slips. It is therefore recommended that the
Department make provi%ions in the overall framework of bituminous
specifications so as io pérmit the assessment of smoothness penalties
on surface course tonhage alone. The required (proportional) changes
in payment reductions' for smoothness non-compliance would be furnished
-~ by Research.

4. On some of the bridge decks studied in this research, the use
of a transverse rol]ef-finisher resulted in concrete surfaces which
were almost comp]etely free of measured straightedge defects. Since
these roller-finishers have been employed by others for paving on-grade,
it seems possible that including such equipment in the paving train
might effect a needed rideability improvement for New Jersey concrete
pavement. In particular, use of this eQuibment to app1y a machine
finish in the immediate vicinity of expansion joints potentially would
eliminate a major source of defects.

The manufacturer of the subject equipment has indicated willingness
to provide a'(no-charge) demonstration on a New Jersey concrete pavement
construction project. It 1s thus recommended that this Depértment
make arrangements on a future project for a trial use of the roller-
finishing equipment to determine its actual fitness for use on New Jersey
concrete paving. Apart from the magnitude of any rideability improvement
and overall compatibility with New Jersey conditions, a key factor to
be determined in this regard is the achievable production rate for

on-grade paving.
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