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ABSTRACT 

The results of a five year study of the riding qualities of recently 
constructed New Jersey pavements 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 a1inement. 

I 

Determinations of relJtive roughness were made with a BPR-type roughometer 
and a 10-foot rolling lstraightedge. The output of the roughometer is 
evaluated using the F~WA adjective rating system and, to a limited extent, 
in terms of theAASHO !Road Test "Present Serviceability Concept". The 
latter (PSI) criteria appears to have little applicability to N'ew 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 FHWA 1criteria, the average new bituminous pavement 
surveyed during this s

1
tudy possessed only a 11 Fair 11 level of riding quality. 

However, there is a si,gnificant and encouraging trend for more recent 
bituminous constructio:n to be of improved smoothness. Described improvements 
in the specified equip

1
ment, methods of construction, and payment method 

appear to be the majorj causal factors. 

The average new concre1te pavement was found to possess an even 1 ower 1 eve 1 
of rideability. An FHjWA adjective rating of "Fair to Poor" is indicated 
for typical New Jersey! concrete construction. This result represents a 
general reduction in quality level compared to work accomplished in ear'tier 
periods in New Jersey. I In spite of cons i derab 1 e experi men ta ti on with 
construction methods and equipment (including slip-forming), significant 
ri deabil i ty improvemen 1ts in pavements of New Jersey's present standard 
design appear unachiev.ble 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 finishing. Recent specification changes--including provisions 
which require use of ~chanized deck finishing equipment on the majority of 
future projects--can be expected to effect an overall improvement in New 
Jersey bridge rideabil~ty. 

New Jersey's current 111ero 11 straightedge d1~fect 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 indicated. 

I 
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·.. .· ... · I . 
RESEARCH OBJECTIVES. 

1- . 
. . . . I 

This sunmary repc,rt outlines the results of a five~year study 
• I • • 

i . . .. •· • 

undertaken to determi ~e the riding qua 11 ti es of recently cons true ted 

. N·ew Jersey pavements Jnd br1 dges • to i den ti fy the sources. of. roughness . . I . . 

on the measured· surfades. and to investigate the desirability of adopting 
. . . I . . . . 

riding quality accept~nce specifications. The bituminous and concrete 

pavements studied all ~ere of .high-type (principally Interstate) 

. constructionon Oew a1l1gnment. . 

. 2 ~O ROUGHNESS TESTING! EQUIPMENT AND EVAL~ATION CRITERIA 
.·. . . ··.. .· ·. I .... 
2 .1 General Information 

. ' . 
·• .... . I . 

The relative roughness determin,ations · of this work were made w_ 1th · . . I 
two measurement device~: a BPR-type roughometer and a 10-foot rol 1 ing 

straightedge. The out~ut of the roughometer--the "Roughness Index" in 
. . . ·- I 

. inches per mile--reprerents the vertical excursions of a fifth-wheel towed 
. . ·.:: I • . . • along a roadway at a tfSt speed of 20 m1 les per hour_. The rolling 

straightedge indicates the .. length, magnitude, and high or low nature of 

individual surface_var1at1ons exceeding 1/8 inch in ten feet. New Jersey 

spedfications contaitj the requirement that no such defects are to be 

permitted in the f1 nis~ed surface of pavements or bridges •. 
2.2 The New Jersey Roughometer.. .·. ·· · 

The results of re~eatability tests and comp_arison runs m_ ade with 
. I 

other roughometers hav, indicated the. overal 1 output of the New Jersey 

roughometer model to bJ. both reasonably consistent And in general accord 

with that of simi.lar eJuipment from other agencies.· At· various times during 
. ' . . 1 . . 

the study, however1 corysiderable equipment downtime resulted from the 
I 
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required repair or replacement of electrical and mechanical components 

of the roughometer. As a consequence, 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 quality 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 Administration (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 

grt~ater 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 
Bituminous 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 tenns 

of the "Present Serviceability Index" provided. Present Serviceability 

-2-
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I - - - --
Index (PSI) is a nuinb~r between O and 5 that represents an estimate of 

- -- . -- I - - - -- - -- . -
the average opinion o, h1g:hwa~ users as to the abiHt: of a particular 

pavement to serv·e trafific in its existing condition. _ This estimate is 

deri~ed from equati.onsl combining various physical measurements of 

pavement characti,ristics, w1th·the predominant weight being assigned 

to wheel path 1r0Lighnessl. The decrease 1n PSI with increased traffic 
' 

loadings (or- t1;~) _ is !the basis of an accepted def1nf tf on of pavement 
l 

performance. · · 

The informaiion a!s to the condition and estimated remaining life 
: ! .. 

of pavements obtafnabl:e thru application of the present serviceability 
- I, . . -- - ._ 

concept has been. used ~Y numerous states to compare al ternatE! pavement 
: \" ·' '. !" . : .. 

d~signs and to assist ifn progra~fng rehabilftat1~n work. ~n the present 

research, the di Seuss ir• offered prtnci pa 1 ly centers on the f~nda..,nta 1 

illk. of app11cabfl1ty rf the ~erviceabflity concept to design and 

maf ntenance dec1 sions If n New Jersey. 

·- · 2.3 The New Jersby Rol~fng Straightedg~ 
- I - -- - -- - -- -- -

A series ~frepearbflity tests indicates tha~ the rolling _ 

:t:::::d:.::ls:: + N:~::e:h::::~:::: c: :: •:• P::~:;•i ::e . . . 
accuracy of the readings and their subsequent repeatability are dependent --

uport- factors which gen~rally can be control led by the user, the most 

important of whic:h is ~he calf bration of the device. - lf the high 
I 
I • 

, reliability requfred fr a critical applfc~tion such as s~oothness 

acceptance testing fs ~o be achieved, a (relatively.quick and simple) 

stra1,ghtedge calibratibn check must be performed each testing day . 
. · ' -_·. ! . ! ·. .· 

I 
i 
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An acceptable limit for straightedge deviations measured on a 

project--in fact, the format in which such data should be evaluated--is 

an unsettled question. Since the rolling straightedge is generally 

more useful for field control of project roughness than the roughometer, 

a major study effort was directed at det~rmining evaluation criteria 

for straightedge data. This investigation consisted· 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 equivalent in terms 

of straightedge data. 

2.4 Interrelationship of Roughometer and Straightedge Measurements 

In performing roughometer-rolling straightedge regression analyses, 

the Roughness Index for selected quarter-mile test sections was compared 

to rolling straightedge output expressed in terms of three surrmary 

statistics: the total number of deviations exceeding 1/W', the percent 

defective length, and deviation area. 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 l/8 11 tolerance, dividing this sum by the 

length tested, and multiplying by 100 to convert to percent. The total 
I 

deviation area in square inches is the sum of the areas of individual 

deviations calculated as rectangles having the deviation length and 

magnitude as sides. 

Based on the comparison of roughness measurements on a total of 

17 miles of concrete and 32 miles of bituminous pavement, a good 

relationship at a h:igh level ~f significance was found to exist between 

the two New Jersey roughness measurements devices on both rigid and 



of 

• 

I 

flexible pavement. In the roughness range of primary interest (i.e., up 

to 20 inches per mile into the 11 Poor 11 category), a simple linear relationship 

exists between roughness index and straightedge defects expressed in tenns 
I . . 
I 

of each of the three measurement parameters (number, length, or area of 

defects). In view of lthis correlation, it is concluded that rolling 

straightedge data pro~ides a valid alternate method of characterizing 
I . . . I 

pavement rideab111ty, ,and one which might reasonably be used as the basis 
! 

for a smoothness. accepltance specification in New Jersey. 
A comparison of the roughness regression plots for New Jersey rigid 

. I 

and flexible pavements' reveals a pronounced contrast with respect to the 

relative infhrence of !measured surface irregularities on the two pavement 

types. This differenc~ directly reflects on proposed future roughness control 
' ' 

procedures. As illust1.rated in Figure S-1, if concrete and bituminous pavement 
I 

contain equally extensiive surface variations, the bituminous pavement will 

generally receive a markedly lower rideability rating. For example, a working 
! 

range of Oto 2 percenf defective length almost completely defines 11 Good 11 

thru 11 Poor 11 bituminousi rideability. In contrast, any concrete pavement 
i characterized by this range of data would be expected to receive a 11 Good 11 

FHWA rating. I 

I . 

The indicated more severe relationship between the extent of straightedge 

defects and the rideability of bituminous pavements is believed to result 
I 

from two sources . Firft, since a bituminous pavement generally must display 

a lower Roughness Index than a concrete p,avement for the same FHWA rating to 
' t, ' . I 

be applied, a more cri~ical ratfog is alsb expected if the roughness level 

is expressed in tenns af straightedge data. The second influencing factor 
! 

relates to differences· in the absolute profile between formed and non-formed 
I 

construction.· That isl long- and/or short-waveleng1;h surface defects that 
' . . 
I 

detract from rideability but which are n,ot measured by the straightedge are 
. I -,--

apparently more pr•~valt;mt on bituminous construction. 
I 
i 
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3.0 PAVEMENT RIDING I QUALITY FINDINGS 

3.1 Su11111ary of !Measurement Results 
I 

The r1 ding qua 1 i, ty of New Jersey I s recent pavement cons truct1 on 

was based on a roughometer sample consisting of a total of nearly 250 
. I 

miles of data(998 q1arter-mile sections) from 14 concrete projects and 

270 miles of (top-course) data from 16 bituminous projects. 
. I The mean Roughness Index of the individual concrete projects were 

found to range from 1101 to 154 inches per mi 1 e and averaged 122 inches 
' I 
I per mile. According ito the FHWA criteria 11 the as-constructed average 

level of riding qualilty on one of the projects was 11 Good 11 , six were 
i 

"Fair", while the re"'aining half were "Poor". The overall average level 

of roughness for thes~ projects coincides with a borderline "Fair-Poor" 

FHWA riding quality r~ting. Two recent projects not tested with the 

roughometer each exhibited straightedge data indicative of 11 Poor 11 rideability. 
! 

The average Roug~ness Index of the sampled bituminous projects 
I 

ranged from 70 to 117 inches per mile and averaged 95 inches per mile. 

The "average" New Jersey bituminous pavement thus displayed about a 25 
I percent lower as-constructed roughness index than our average concrete 
I 

pavement. According to the FHWA criteria, the average level of riding 

quality on one of thel bituminous projects was a borderline 11 Excellent 11 , 

five merited "Good", four "Fair", and six 11 Poor 11 • The overall average 

corresponds to a "Fair" FHWA rating. One each of three recent bituminous 

projects whose roughness was gauged by straightedge measurements a 1 one , 

displayed surface variation that would be expected to yield "Excellent", 
. . ! 

''Good", and IIFair 11 roughometer readings respecthely. 
' 
i 
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In addition to this rather extensive testing of finished 

pavement surfaces, a more limited sampling was also made of the 

roughness of.successive 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 indication 

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 surmnary 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 11 Poor 11 ridfog quality sections of 

pavement in New Jersey: about 40 percent compared to 3 percent in 

the FHWA survey. 

-8-
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. I . . . 
TABLE S-2: COMPAR~SON OF NH/ JERSEY AND FHl1JA RELATIVE ROUGHNESS RESULTS 

I 

I 
New Jersey Concrete New Jersey Bituminous 

FHWA Percent jof Percent of Percent of 
Riding Quality Number of All Test ;Jumber of All Test 

Rating 
FHWASur~ey 
in Ca tegqry* Projects Measurements Projects Measurements 

I . 

.· 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 1:1(5) 37.0 

Poor 3 I 7(9) 44.3 6 35.7 
! 

i 

Sample 
. l 

580 mi le:s, 14(1G) Projects, 16(19) Projects, 
Size 17 state[s 250 miles 270 miles 

.. 

*bituminous and concret~ pavement combined 
! .. 

{)includes projects whtis~ rideability was estimated from straightedge data 
! 

As previously lalluded to, consideration of the described rougriometer 
. I 

data in terms of the ~s-constructed serviceability level {i.e. the 
! . 

initial PSI val~es) ihdicates that the present serviceability concept 
I 
! 

apparently can have only marginal applicability in this state. In 
I 

essence, the dffferenFe between the serviceability level of our pavements 

when they are new {avrrage PSI's: concrete 3.5 arid bituminous 3.0) and the 
.•· . I 

serviceability level }"here rehabilitation is indicated (a PSI of 2.5) is 

commonly so small thalt little meaningful information as to the relationship 

between servi ceabi l it,r and app 1 i ed loads might be expec.ted from :Jm,, 
i 

Jersey• s use of the sbrvi ceabi l i t_y concept. 
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The histograms of Figure S-2 depict the average pattern of measured 

straightedge defects on pavements having New Jersey roughometer readings 

corresponding to "Good 11 thru "Poor11 rideability respectively. This 

genera 11 zed i 11 ustration of how the number and severity of surface defects 

varies with Roughness Index thus provides an alternate view of the nature 

of pavements·· 1n our State. For example, a new bituminous pavement of the 

average roughness level measured in New Jersey generally might be expected 

to correspond to the histogram shown for 11 Fair 11 pavement, displaying about 

6 defects totalling 18 feet exceeding our present specification surface 

tolerance in any quarter mile. The distribution of measured surface 

variations on the average new concrete pavement is intermediate to that 

shown for 11 Fair 11 and "Poor". Such a pavement would typically 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 l to 3 feet long, while the higher magnitude defects 

are co111T1only 3 to 6 feet long. 

3. 2 Indicated Roughnes,s Trends 

In the present sample of New Jersey pavement rideability, there is a 

significant and encouraging trend for our more recent bituminous construction 

to be of improved smoothness. For example, with the exception of one 

contract, all projects surveyed which were constructed using (presently 

required) pavers equipped with automatic controls have received at least 

"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" ratings and 

average ·" Poor" ( 105 inches/mi 1 e). 
'· 

-10'-
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Unfortunately, no such trend for improved riding quality with time 

or more modern {slip-form) methods and equipment is indicated for New 

Jersey concrete pavements. In fact, the reverse appears true. The 

generally "Fair to Poor" rideability data for the pavements of this study 

apparently represents a general reduction in quality level compared to 

work accomplished in earlier periods in New Jersey. A sampling with the 

FHWA prototype roughometer of New Jersey concrete pavements built during 

the late 1950 1 s and early 1960 1s indicated that the then-current level 

of riding quality was generally 11Good 11 • 

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 11 

wide, spaced at 78 1 211 }. These joints are normally of the formed type, 

with extensive handwork being involved in restoring a smooth finish to 

the surrounding plastic concrete. The data of this study indicates that 

surface defects i~troduced during. such joint construction 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 actual 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 imost from rideability occur with even 
I • 

greater frequency in the joint area. For example, an average of one-half 
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of all 1/411 and two-thirds of all 3/8" surface irregularities occur at or 

near expansion joints{ Apart from their 11umber and generally greater 
. ·. I 

severity, joint defects can also be expe1cted to exert a further negative 
! 

influence on user opinion because of the regularity oftheir occurrence. 
. . I While Joint-related defects account for a substantial fraction of 

I 

the overall roughness 
1
of concrete pavements of each smoothness category, 

. ·.. . . I there is a trend for such irregularities to account for a higher than 
i average percentage of ,roughness on smoother pavements and a lesser 
I 

percentage on rough pa!vements. In other words, on a we ·11-contro 11 ed 

project containing rel 1atively few defects between joints, the principal 
I 
I 

effect of joint roughn
1
ess ts to inhibit achievement of the best level of 

rideab111ty. On the rbughest pavements, joint roughness in essence 
I 

represents but another: contribution to an overall pattern of surface 
I 

deficiencies . 
I Field forces have 1 conducted considerable experimentation with 

construction methods apd equipment in an attempt to reduce concrete 

pavement roughness in general and joint ro1_1ghness in particular, 
I 

occasionally with some!.success (e.g., by finishing joints with a mechanical 
I 

tube float in slip-fo"'l1 work). The previously described roughness .results 

indicate, however, that significantly improved rideability has yet to be 
I 

consistently achieved 6n any recent project. Thus, while adoption of a 
I 

realistic smoothness atceptance specification might be expected to 
I 

stimulate contractor pJrforrnance to some extent, there does not appear 

to be any substantial ~asis for optimism concerning a near-term 

improvement in the rideability 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 potential for both 

imp~oved smoothness and greater compatibility with slip-forming, this 

Department recently constructed a concrete pavement of an alternate 

design. This experimental pavement employed sawed contraction 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 fn 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-

ability in 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 co~trols 
\ 

must be used properly and must be accompanied by favorable workmanship and 

materials if the smoothness potential of the equipmen.11 is to be realized. 

A second factor observed to influence bituminous rideability is the 
' conduct of construction as a basically stop-and-go operation. That is, 

while paving manuals universally caution that the bituminous laydown 

c,peration should proceed at a speed which is both reasonably constant a~d 
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coordinated with the Irate of material supply, erratic or stop-and-go 
• C I . . 

operation has been o~served on a number of New Jersey projects and for 
i 

a variety of reasons\ (i.e.• paver, material, and/or operator deficiencies). 

An extreme example oi the extent to which defects introduced by stop-and-go 

operations detract f~m pav~ment rideability is provided in the full research 

report. The provisi9n of an adequate supply of material and ensuring 

continuity of laydow~ will unfortunately become even more critical in the 

near future as New JJrsey shifts toward echelon and thick-lift paving. 

The high relatiJe frequency of transverse construction joints in 

this State 1s a thirj factor influencing smoothness. results. More 

specifically, as a result of a 500 foot limitation on the maximum length 

of bituminous mat pulls, most of the projects studied in this work could 

be expected to contai[n at leas~ three construction joints per qu~rter m~le. 
That this restriction. had cons1derable bearing on the level of r1deabil1ty 

. ! 
I 

achieved on particula\r projects is evidenced by the fact that in some cases 

studied, a 11 of the slurface defects observed in a test section were 
i 

associated with the r~sumption of paving at a joint. Realizing the 

difficulties in achie\ving a smooth ride in a pavement containing numerous 
! 

transverse join~s. th~ Department in mid-1970 changed the Standard 
. I 

Specifications to a11pw laydown to extend to a maximum of 1500 feet or 
I 

such distance that thb material at the longitudinal joint could be 

maintained at not les~ than 150°F. 
I 

A fourth factor round to influence New Jersey bituminous rideability 

was the use of projec~ specifications that provided for the payment of 

bituminous paving cou~ses on a square yard basis and the assessment of 
. I 

penalties for deficiept thickness. 
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It is v1ell-kno\m that an innate conflict exists between the 

attainment of a specified thickness and smooth ride \·Jhen payment is 

on a square yard basis. That is, it is a practical impossibility for 

the contractor to provide the variaL1l e thicknesses necessary to correct 

for surface irregularities in the preceding course and also maintain a 

specified minimum thickness \'Jitliout increasing the rnater~al quantjty 
~;ue::_: .. lf··!ed lir/n·~1.•·;·!.:::1 ·;:·_i! ,···:k.:'~1' < ., itht)i,r/-. ··ln,•';•i ·1 _J ·i 1 -:~nr.·i 
ci'n1·1hich his bid is predicated. Since there is evidence tliat 1·,im-1 Jersey 
',. ,. : : ·; c, i ; .. . , '_._i >i _'.t n< i-i 

contractors generally resolved this conflict bet1,1ecn rideability and 
C:()n·::_y\JC' tJ,i_)i- '/1 __ \( ; 
thickness in favor of thickness, 

i ~, •, J) d 
the payment provisions of the 

r.:·: i 1,.ne::_,,·_) i :i ! 
f'1 :·:1 j) 'J ; { l 

Department's specifications have been changed frorn a square yard to a 
Uc;_:1;~) l --:·; i. 

tohnage basis. 
' 

\·ihile the roughness equipment of this study did not permit making 
11-<(1-I·;c~ ·(!1, __ · ':1 · 1 l 

any determination of the relative roughness of courses underlying the 
-1\"')\f 1Ji? (__I • '. ;it I) ! Y' .. l 1~1 
6Hu111inous structure, experience strongly suggests that the surface 
:- ·i' ·j· 1·i :_,, ,,· ," , _:• 't :_ I •=:.c 
criara·cter1st1cs of these non-bituminous courses ilave also influenced :-ie11 
Ci :c. t' .:_;_:'_'.It~ V l :· 
Jersey riding quality. Specifically, if one accepts ti1at the achievement 
,J/; /'~/ '--·_.' ·.'. I > ' ,_.' ., i' ,J .. ' 'i \-' 
of a qua 1 ity final riding surface is tile result of a concerted effort 

ai each preceding 
c •. •.. - ,_. ch :· . __ ._ 
better f Jev1 Jersey 

level, ~hen it follows 
i, , · . . 1 .·· _, I 

bituminous rideability 

that the historical trend for 
r:0.1 t 1,C: for 

must at least to some extent 
t·)c.t·(,~~r i'.:-:\ 1 .·1,:~-. ,-'.-\/ i u·-::; ·1r·i 1·-J):\1 rnu~~, a !ea:~:;t ti.'.J ::.o~ne: t,;x-ten_-~ 

b·Et a reffe'ctfon of ·the increasing use of automated fine-grading r:iacl,1i nes 
;, ~-- T · C\~-l i _ :~; ·} nq c,r; ~l '{'.Jcl rl] lJd·Cll CS 

for !Jase and subbase courses. Sinli l arly, ol>serva ti ons swrnes t that the 
\ .-. ., ·; -,,, . . t i'1 C fci lJa.:=c~ -~i'.-\U ::~ .-·::--.. '.": .1· .)~1 ii 1·t'/-

use of a difficult-to-construct macadam Lase course on about one-third 
us t': ·:~:: d -~ ~i. t -~<::J fi t·ru c.: t. nk:.c d ::~;:;1 co;--1 u t o nc --
of the projects stud cu in this research in some cases v1as a factor in the 

C C ' ' '.' ' ' .. ,-. ···•···•,· -,-)\.T]C.' .. \~.: _r·_; :::.: ' .• :~, a fa.ct: ... 1 '(' () 1 : : i :-:·; (J j; •:'.'.~--it (l :(: \.: .-. ,_-;, (:; i_.'. :.,) .. i ·:·:1..; .i i J '.:-j t~ (t ;· · - -

ultimate level of riding quality obtained. In point of fact, the 
i ;, : 
1 , ',/ . ' \_J ·, 
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I 

I 

difficulty in achievi!ng a relatively smooth paving platform using 

macadam base was a co1ns i derat1on in the Department I s decision to 
i . 

eliminate this. item fjrom pavement designs subsequen·t to 1970 • 
. · .. · I . . . . 

Finally, and mosit elusively, the presence of a continuing concern 

for good riding quali~y in project planning and execution is certainly 
' ' ' 

a significant factor. To use a phrase from the literature, good 

ri deabi li ty requires re application of a spirit of HSmoothness 

Consciousness" on the: part of State and Contractor personnel. 

In spite of the ~ubjective nature of such smoothness consciousness, 

comparison of the rideability results between consecutive, abutting ' ' 1 
I 

projects built by oneiNew Jersey bituminous contractor yields some 

evidence of this fact~r at work. That is, when confronted with documentation 
. • i of the poor r1deabil1~y results on the first of these two projects, the 

President of the contracting firm undertook measures on the next job 
I • 

that were designed tolovercome previous equipment and materials supply 

shortcomings. Compadson of straightedge data made-on the two projects 
I 

indicated that the COJ[ltractor 1 s work had advanced from possibly the worst 
i 
i 

to one of the better tiding jobs in New Jersey. 
I . 

! 
! 

4.0 PROPOSED PAVEMENT SMOOTHNESS SPECIFICATIONS 

New Jersey's curfent surface smoothness specifications possess a 

number of important s'!'ortcomings. These include the lack of a specific 

sampling and data rep~rting requirement, ,im unrealistic choice of tolerances, 
I , •. 

and a slow, laborious1method of test. The development of proposed 

alternate smoothness ,cceptance specifications for New Jersey pavements 

are described in considerable detail in the full report. 
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The proposed acceptance criteria require testing of the entire length 

of each day's production of concrete pavement and bituminous surface 
I 

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

defective length, and determination of the appropriate payment from 

Table S-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 extensiv~ sampling. 

TABLE S-3 

Proposed New Jersey Bid Price Adjustment 
Schedules for Pavement Smoothness 

Schedule A: Bituminous Schedule B: Concrete 

Measured Percent Percent Measured Percent Percent 
Defective Length Payment* Defective Length Payment 

1.3 or less l OO~l 5.0 or less l 00% 

l . 4 to 2. 3 98 5. l to 11. 0 98 

2.4 to 3.4 95 11 • l to 13.9 90 

3. 5 or more Remove and 14. 0 or more Remove and 
replace or replace or 

80% sm; 

*pay item: total tonnage of surface and underlying courses (planned 
specification change) 

-18-



' An underlying philosophy of the specification is that whenever 

a contractor provide~ a pavement with a percent defective length that 

corresponds to a borderline 11 Fair/Good 11 or bettE~r FHl-JA rating, no 

penalty should be assessed. At the other extreme, the straightedge 

equivalent of "Poor to Very Poor 11 rideability is judged to be a totally 

rejectable quality lewel (i.e., a remove/replace condition). Based on 
i 

the historical data of this study, a pavement receiving this most severe 

penalty would be expe~ted to be at least 20 inches per mile into the 

"Poor" FHHA rideability cat~gory. As the extent of surface irregularities 

increases from the aq:eptable quality level to the totally rejectable 

quality level, it is apparent that at some intermediate point, marginal 

acceptability is reacped. In this 111ork, it is concluded that straightedge 
I 

data corresponding to a borderline "Fair/Poor" should definitely be 

considered of margina acceptability and should have at least some 

associated penalty. 

Translating the described general limits of acceptability into 

specific acceptance plan provisions requires consideration of the 

measurement variation inherent in the straightedging process. I\ part of 

the work thus consisted 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 v1heelpaths) 

on pavements of v~rio~s roughness levels. This observed measurement 

dispersion \<Jas .in turA used to generate "operating characteristic curves". 

Use of these curves permitted the acceptance scheme to be so constructed 

as to minimize risks ~uch as wrongly accepting pavements of poor 

rideability or rejecting those of good riding quality. 
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~,Jhile leniency was employed at each stage of development of the 

proposed specHications--in determining the penalty ranges, the 

associated payment reductions, as well as the testing procedures--a 

"reasonableness check 11 1,1as required to establish the probable impact 

of the proposal. On concrete pavement, this investigation consisted of 

a simulation of the proposed specifications to historical roughness data 

for Ne~•J Jersey paving projects. On bituminous pavement, additional 

comparisons v,ere made to the smoothness specifications ahd straightedge 

data of other agencies. 

The trial aoplication of the proposed smoothness specification to 

the collected data for bituminous projects suggests that a future project 

might be expected to receive less than a 3 percent average total payment 

reduction for smoothness. On concrete pavement, an average project 

penalty of l to 2 percent is indicated for 11 Fair 11 riding projects, and 

a 5 percent for the average 11 Poor 11 project. Tile indicated expected 

frequency and severity of penalties for future New Jersey projects is 

thought to be reasonable. 

5.0 BRIDGE DECK RIDING QUALITY FINDINGS 

5.1 Background 

There is no widely accepted 11 standard 11 for evaluating pridge deck 

rideability, the previously described FHWA criteria having been 

developed strictly from considerations of pavement riding quality. 
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.While it is obviously desirable that continuity of good riding 
qua 11 ty be mai nta i nedl on structures, roughness data from other agencies 

confirms that concret~ deck construction 1s commonly considerably rougher 
! 

than concrete pavement construction. Asa consequence, some states are 
, I 

less critical of the rideability of bridge decks. 
I . ,. . . . . . . I .· 

The h1storicallyigreater roughness of bridge decks relative to 

pavements has general~y been ascribed to significant construction 
. . l . . 

differences/difficulties occasioned by the suspended nature of bridges. 

In particular, the li~erature indicates that the single most important 

factor'entering into this trend is that deck construction has historically 
. . i relied more on manual 1 rather than mechanical means for concrete strike-off 

• • • I 

and finishing. 

One mechanical d+ck screeding technique--the use of full span length, 

longitudinally* oscillating type equipment--has received uniformly 
I 

favorable rfdeability:reports. In several states, use of such equipment 

has been observed to ctonsistently yield "Good" roughness data, the average 
i ' 

magnitude of which wa$ as little as half that for sampled manually 

finished construction. However, certain other types of mechanical deck 
I 

finishing equipment riave, at least in certain instances; received 

generally unfavorable ireports. For example, the transversely oscillating 
! 

type of screed has in :some studies been found to yield equal or greater 

roughness than manual \finishing. 

*The "1ongitudina1° an,d "transverse" finishing machine nomenclature used 
in this work relates ito the orientation of the workfog face of the screed 
witt1 respect to traf~ic. Thus, in longitudinal finishing, any ridges 
introduced into the doncrete are predominantly parallel with traffic. 
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In response to the improved rideabil i ty 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 consttuction 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 Sunmary 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 samplfog 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 .. finishing: As indicated in Table S-4, the concrete 

surfaces of the testJd manually finished decks displayed average 

roughometer readings jrangi ng from about the same to subs tan ti a 1 ly 
! 

greater than our 11 average 11 concrete pavement (i.e., 125 to 192 

versus 122 inches/mi 1
1

e). These roughness va 1 ues are in each case 

indicative of a 11 Poori11 FHWA pavement rideability rating. On an 
! 

overall basis, the 11 aiverage 11 manually finished deck is characterized 
I 

by about 40 inches per mile (one-third) greater roughness than our 

"average" (marginal ly 1 acceptable) concrete pavement. Si gni fi cantly, 

even if the more lenient bridge roughness guidelines used by some 
I 

states were applied tb this data, a 11 Poor11 or 11 Rough 11 rideability 

rating would generally result. 
! 

The most important point in connection with the straightedge 

data for manually finished structures is that in no case did the 
I 

tested portions of anr of these decks even approach conformity with 

our existing specific~tion surface tolerance. As shown in Table 
I 

S-4, the average level of conformity with our present stipulation 
. . 

of "no" defects in excess of 1/8 inch was found to be only 70 percent 

(i.e., Lo= 30 percen~). This substantial non-conformity also 

generally applies to the magnitude of the observed defects as well 

as their extent. For 1 example, on some manually finished spans, 

as many as three-fourths of all defects were in excess of 1/4 

inch. 
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TABLE S-4: Summary of Roughometer and Roll 1 ng ·straightedge Data , -
for New Jersey Bridge Decks 

Finishing Method 

Manual -

Transverse 
Roller Fini sher 

Longitudinal 
Osen lat1 ng 

Machine 

Full 
Span Length ·-

Screed 

Partial* 
Span Length 

---Screed 

Roughness Sample 
Size 

Projects Spans 

8 16 

2 7 

3. _.. 6 

l l 

- Average Roughness Index 
of lnd1 vi dual Structures 

· Range Average 

125 .. 192 _ 1 n/m1 l§l _ in/mi 

l 07-132 in/mi 120 in/mi 

107-139 ·1n/mi . 120 in/mi 

141 in/mi -141 in/mi 

*This equipment is essentially a mechanized, 1o·~foot long· bull float .. 

Average Percent 
Defective Length, L0 

Range Average 

20. 1-36. 6% · 29.4% 

1.2-12.3% · - 4.4% 



In essence then, the roughness measurements on the sampled New 
I 

Jersey manually finis~ed decks differ only in the degree of non-compliance 
I 

with the required surface tolerance. This is a particularly significant 
I 

and surprising finding in that certain of the studied decks resulted from 
I 

well -executed manua 1 fi ni shi ng operations. 
I 

• Full span length, longitudinal screeds: Average roughometer 

readings of 107, 115, and 139 inches per mile were obtained on three 

projects constructed ~sing full span length, longitudinally oscillatlng 

screeds. The highest of these readings was obtained on a deck which 
I received only one rather than the manufacturer's recommended minimum 
I 
I 

of two finishing machine passes. 

The benefits of full span length, longitudinal machine finishing 
i 

relative to manual finishing can generally be appreciated from the 
I 

roughness data shown in Table S-4 (i.e., from the 120 versus 161 

inches per mile avera~e roughness index and 8.5 versus 30 average 
i 

percent defective length). However, the most meaningful comparison 

of roughness results between these two finishing methods is probably 
I 

provided by the data qbtained on one particular project. That is, 

on one contract, identical three-span structures were built by the 
i 

same forces, in one c~se using manual methods and in the other, 
I 

longitudinal machine finishing. Subsequent roughness measurements made 

on these companion bridges indicated the hand-finished structure to 
I 

have twice the ~verage percent def~ctive length of the machine finished 
I 

structure (27 v~rsus 13 percent) a~d a 60 percent greater average 

roughness index 1(170 'ltersus 107 inches/mile). 
i I 
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. Partial Span Length, Longitudinal Screeds: '. bne of the studied 
. . . . . . . 

New Jersey decks was constructed using a partial span length, longitudinal 
.-: . ,:,.. ·. . . 

finishing machine. This equipment is the type most comnonly employed 
. ,• ... 

nationally and essentially cons.ists of a longitudinally oscillating 10-foot 

long float that 1s successively advanced across and along the deck. 

The average roughness index of 141 inches/mile observed ·for this 

deck translates as a (very) IIPoor" FHWA pavement ri deabi 1 i ty rating. 

Since the construction practices involved in place~nt and finishing were 

rated as "Good",. -it would appear that this sample can be considered aS 
. . - .. ,• .· . . 

a reasonably representative trial of the subject type of finishing equipment. · 
. ' ' . . . . 

While it is of course difficult to draw conclusions of any great moment 

from a single test such as this, our limited experience is similar to 

that reported by another state •. That is, use of the partial span length 
. . 

equipment yielded a rideability improvement compared to the general run 

of manually finished decks, but did not provide the smoothness achieved 

on the best of the decks finished with full span length screeds. 

. Roller Finishing: As indicated in Table S-4, the average roughorneter 

readings for the tested transverse roller-finished bridges were about the 

same as those for the full-length longitudinally screededdecks, with 

respect to both range and mean. The overa_l 1 average of 120 inches per ·- --
... . 

mile for these structures is again about 40 inches per mile le-ss than 
' ' . 

the New Jersey manual finishing average and merits a 11 Good 11 relative . 

rideability rating according to the bridge deck roughness criteria 

of some other states. 



The best straiJhtedge data obtained on a project 111 this study 
I 

resulted from trans erse roller-finishing, two structures on one 
. . 

contract displaying near-perfect co~formity to our existing surface 

tolerance (L0. = 1.2 ). Interestfogly, the worst p~rcent defective 

recorded for the roller-finished decks studied was only about half 

that for the'best inanually-finished deck sample. _, 

5.3 Recently A~opted Changes 1n the Specified Construction 
. I 

Practices for New Je~sey Bridge Decks 

Based on the ob~erved improved rideability acMevable thru use 

of mechanized deck f•nishing equipment, as well as the associated 

potential for improv~d deck durability, New Jersey has recently 

adopted specificatio~s which require use of such equipment on the 

majority of future p}ojects. Manual deck finishing will be permitted 

only 1n the exceptio~al case where use of a mechanical finisher is 

impractical or impos~ible due to the limited number or size of 

structures in the cottract or t,~eir geometric COfflf)lexity. 

Realizing that quality improvement (rideability in particular) 

wi 11 not accrue auto~Uca l ly from the mere provfsi on of mechanized 

finishing equipment.jour new specifications also contain provisions 

designed to yield anloverall construction climate conducive to quality 

work. A discussion ~f these new requirements--w~ich cover both the 
I 

planning and executiqn phases of deck construction--and an extreme . ' 
! 

example demonstratinl the need for such specifications are provided 

in the full report. 
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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 devhtionsin 

excess of 1 /8 inch in' 10 feet. Since none of the bridge decks evaluated 
. ' 

in this study satisfied 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 al.ternate specifications for bridge deck smoothness are 

developed in the report. The criteria offered are patterned after the 

ro 111 ng s tra 1 gh tedge-based pro vis 1 ons previously recommended for pavements. 

The acceptance proposal for structures requires testing of the entire 

length of all wheelpaths in each day's production of deck concrete with · 

a rolling straightedge, computation of the s.lab's percent defective length, · -~ 

and determination of the appropriate payment froin Table S-5. As indicated, 

the percentage of the bid price paid for deck concrete displaying a given 

percent defective will generally vary, depending on the deck finishing method 

employed. That 1s, different requirements apply to decks machine finished 

by specification requirement, to machine fi.nishing by contractor option, 

and to manual finishing. 

6.2 Decks-Required to be Machine Finished 

The proposed riding quality requirements for decks where machine 

finishing is specifically required--thus, the provisions 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 

Schedule A: 
Machine Finishing Required 

Subschedul e··A 1: 
Decks Bid in the 
one-Year Per roa , 

X to Y 

Measured 
Lot 

Percent 
Defective 
Length 

8.9% 
or less 

Percent 
Payment 

100% 

g O l 991 . - 3.9 -

14.0-24.9 93% 

25% Remove and 
or more Replace or 

85% 

Subschedule A2: 
Decks Bid 

· suoseque-nt to · 
Date Y 

Measured 
Lot 

Percent 
Defective 
Length 

6.0% 
or less 

6.1-8.9 

Percent 
Payment 

100% 

99% 

9.C-13.9 97.5~ 

14.0-24.9 93% 

25% Remove and 
or more Replace or 

85% 

Schedule B: 
Machine Finishing Optional* 

Subschedule Bl: 
Machine finishing 

- Se1 ected for Use 
by the Contractor 

Measured 
Lot 

Percent 
Defective 
Length 

13. 9% 
or less 

14.0-24.9 

25% 
or more 

Percent 
Payment 

100% 

93% 

Remove and 
Replace or 

85% 

Subschedule B2: 
Manual_ Fi_ni s_bi ng ----- ---- se-i ected for Use 
by the Contractor 

Measured 
Lot 

Percent 
Defective 
Length 

19.9% 
or less 

20.0-27.0 

27.1-34.9 

35% 
or more 

Percent 
Payment 

100% 

97.5% 

93% 

Remove and 
Replace or 

85% 

*The provisions of this schedule are independent of project bid date. 
Outline of Pro osed Cessation Re uirements: If the percent defective length of a day's production exceeds the value 
correspon ing to 00 percent payment in c edule A,,or B, the Contractor may be required to discontinue the involved 
concreting operations and submit a \'tri tten revised o 1 an of operations. In no case wi 11 the contractor be permitted to 
immediately initiate further project deck pours 1f the percent defective exceeds 20 percent on any machine finished slab 
or 35 percent on any manually finished slab. 



As indicated in Subschedule Al, it is suggested that the 

acceptance provisions for required machine finishing be implemented 

in two steps. An initial one-year period of very lenient provisions 

is proposed prior to the adoption of acceptance limits more accurately 

reflecting various degree of acceptability. Speci fi cal ly, during the 

first year, a penalty of substance would be levied only if the 

straightedge e'quivalent 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 pavements 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 "Good" as required 

for pavements. Further, the associated percentage payment reduction 
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is set such that the dollar value of any penalty can be expected 
I 

to be relatively nominal unless 11 Poor 11 or worse rideabflity is 
I 

provided. By employing these measures then, New Jersey would be 

following ·the previouflY noted practice of some other states of 

being less critical of deck rideability in comparison to pavements. 

A more fundamental departure from the pavement acceptance plan , 

is made at the other penalty extreme for bridges. That is, in the 

case of bridges, there is definitely a greater potential for extensive 

straightedge_defects ~o occur. Further, the required removal of a 
11 total ly unacceptable!' riding surface is of far greater monetary 

! 

consequence on bridge decks than on pavements. It thus appears 
I 

advisable that ranges!of 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 $hown in Schedule A, decks displaying a percent 

defective up to nearly twice the point where "Very Poor" rideability 

is expected will be atcepted with a penalty. This is not to say, 
I 

however, that the state should consistently accept decks which are 

actually of totally rejectable riding quality from a given contractor. 

If a contractor provi1es a span with a gross percent defective length, 

this is evidence thathis 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 deck smoothness are outlined at the bottom of Table S-5. 
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6.3 Manually Finished Decks 

As previously 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 1 s 

view, this effectively precludes formulating smoothness acceptance 

specifications for such construction based on a rational balancing 

of desired and achievable smoothness quality levels.· The available 

data instead dictates 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 82, the proposaJ for 

hand-finished decks contemplates accepting decks having the overall 

range of defects observed in the research sample. Penalties are 

levied exclusively on varim.,s categories of rideability which are 

well above a truly totally rejectable, 11 Very Poor 11 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 conceivable that if given a choice between finishing 
I 

methods and faced wit~ a single (relatively stringent) set of provisions 

applicable to machine: finishing,. a contractor would be extremely hesitant 

to use other than man~al methods. Consequently, to encourage use of 
' ' 

mechanized deck finisliing equipment where such is not specifically 
I . 

required, 1 t is propo~ed that an acceptance schedule intennediate to 

the two previously p~sented be adopted •. Specifically, as shown in 

Subschedule Bl, it is :Proposed that if a contractor elects to use 

mechanical finishing methods,. smoothness penal ties be suspended up to 
• • I ! 

' the point where "Very ,Poor" rideabil1ty is expected. However, if 
I 

mechanical finishing \l'esults in "Very Poor11 rideability--regardless 

of whether such methods were required or chosen--a penalty is 

appropriate. Since a reasonably conscientious contractor can be 

expected to meet these requirements, their adoption hopefully will 
! 

cause the contractor to base his choice of finishing method on factors 

other than smoothness ipenalties. 

By adopting the tatter criteria, New Jersey's position would 

be one of expecting generally good rideability (both absolutely and 

in relation to the hand-finishing option) but not requiring it. 
l 

While this is not an ideal situation, consider the alternate: if a 

contractor elects to ~se hand finishing because he deems it his only 

practical option, g1ood rideabil1ty will neither fbe required .ru!!. 
I 

expected of the resul ~ing work. 
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7 .0 CONCLUSIONS 

The principal conclusions derived from this five-year study of 

New Jersey pavement riding quality are as follows: 
. . 

1. The FHWA roughness evaluation criteria is judged to be an 
appropriate means for appraising the rideabi l i ty 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 readily detenninable and with 

an acceptable degree of precision. 

2. The 11 Present Serviceability Index" concept developed from 

work at the AASHO Road Test has little 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 pennit val id 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 11 Fair11 level 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 ~ew concrete pavement was found to possess an 
even lower level of rideability than bituminous roadways. An FHWA 

I 

adjective rating of 11 ~air to Poor" is indicated for typical New Jersey 
i 

concrete construction~ In spite of considerable experimentation with 

construction methods ilnd equipment, significant rideability improvements 
' ' 

in pavements of New Jersey's present standard design appear unachievable 
i 

without a return to long-past standards of workmanship. Recent use 

of a different design,requiring sawed contraction joints rather than 
' formed expansion joinis,did not provide an overall improvement of the 
I 

desired magnitude. 

5. The major fac;:tors contributing to the roughness of bituminous 

construction monitore~ during this study were: 

a. Manual rather than automatic paver controls; improper 

use of the automated controls. 
b. Stop-and~go paver operation; failure to match laydown 

speeds with rates of material supply. 
i 

c. Overly ftequent transverse construction joints. 

d. Use of a method of payment (square yards) that in 

practice, requir1ed that a choice be made between avoiding 

thickness penalties or achieving good rideability. 

e. Use of non-bituminous base courses that were difficult 

to construct to proper grade. 

f. Lack of sufficient awareness or concern for achieving smooth 
i 

pavements on the part of some Department and Contractor 

personnel. 
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Responsive action by the Department and the contracting industry 

in the form of specification improvements, changes in construction 

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 rideab1Hty of New Jersey's concrete pavements. On a 

typical project, about 40 percent of the pavement's surface 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 te1"ITls 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 f n excess 

of 1/8 inch is unrealistic and, thus, unenforceable. Additionally, 

the required method of measurement is too slow and its description 

in the specifications is incomplete, lacking necessary guidance 

regardi.ng sampling technique and data recordation. 
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9. New surface ~moothness specifications have been developed 
: 

for New Jersey pavemefltS. These require acceptance testing of a 
I 

pavement with a rolling straightedge and subsequent comparisons of 

the measured percent defective length to certain standards of 

acceptance. A graduated schedule of payment redluctions is to be 

applied when a non-compliant level of riding quality is indicated. 
I 

The standards of ;acceptance, payment reduction schedule, and 

sampling requirements 1 have all been formulated by statistical means 

to assure that an FHWA indicated 11 Good 11 or better riding pavement 

will yield full payme~t to a contractor. Progressively poorer 

rideability is accomp~nied by increasingly larger payment reductions. 

The detailed specific~tion provisions formulated as part of this 

research are given in Appendix D (pp. ·231-35) of the Final Report. 

10. The roughness data obtained on New Jersey bridge decks 
! 

confirms the beneficial effect of using mechanica"I rather than manual 

methods for concrete strike-off and finishing. Each of the sampled 

manually-finished deck~ displayed extensive surface irregularities 

and, as a consequence, none merited other than a 11 Poor11 FHWA rideability 

rating. Expectedly, the relative improvement in riding quality observed 

for mechanized deck fi11ishing varied for particular types of equipment 

and project conditions. On an overall basis, surface defects on the 
11 average 11 machine-finished deck were only about 1/3 to 1/7 as extensive 

as on the 11 average 11 harrid-finished deck. This resulted in approximc1tely 

a one-third lower average roughness index. 
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11. Recent New Jersey specification changes--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 ri deabi 1 i ty. It is further expected however, 

that two general exceptions to any such trend for improved rideability 

will occur. 

First, since none of the hand-finished decks tested in this work 

even approached confonnity wHh required surface tolerances--including 

some well-executed manual operations--it seems reasonable to expect 

substantial non-confonnity 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 variability in every construction 

input--men, materials, and equipment--is controlled. In order to 

stimulate contractors to exercise the requisite control over their 

operations, a realistic and enforceable New Jersey smoothness 

specification is in order. Importantly, our existing 11 zero 11 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 rolling 

straightedge and application of a graduated scale of payment reductions 

to non-complhnt levels of measured percent defective length. 
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For a given leve 1i of roughness, the percentage of the bid price 

paid for deck concrete1 will generally be different than that appHed to 

a concrete pavement, and wil 1 vary depending on the deck finishing 

method employed. This: penalty variation reflects the fact that 

generally different roughness levels are achieved on pavements and 

bridges and among deck 1 finishing techniques. 

The detailed deck smoothness specification provisions fonnulated 

as part of this researth are given in Appendix F {pp. 24-1-46) of the 

Final Report. 

It is to be notedi that the writer's basic philosophy in developing 

both the deck and pavement smoothness 'provisions is that they should 

initially be somewhat lenient. Implicit in this course of action is 

that these provisions should not be static, but rather should be reviewed 

and updated in the future to reflect then-prevailing ( improved) quality 

levels. 

8.0 RECOMMENDATIONS 

1. It is reco111T1ended that the New Jersey Department of Transportation 

adopt pavement and bridge deck smoothness acceptance specifications based 
' 

on the output of a 10-~oot rolling straightedge. A description of the 

proposed pavement smoothness acceptance provisions in a suggested 
! 

specification fonnat i~ presented in Appendix D of the Final Report. 

The proposed smoothness specifications for decks are presented in 

Appendix F of that report. 
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2. There are two possibilities for performing the necessary 

straigfttedge testing of future construction projects: the use of 

project inspection forces or the organization of specialized, 

regional crews. The use of project inspection forces would. have 

the single important advantage of a greater imnediacy of the roughness 

readings and consequent greater potential for roughness control. The 

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. 

lt is recomnended that straightedge testing be performed by 

regional testing forces, staffed and organized so as to provide 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 Department 

has elected to substitute a single (tonnage) payment item-- 11 Hot-mix 

bituminous pavement, __ inches thick 11 for the present individual 

bituminous payment items. The proposed smoothness acceptance plan 

was constructed accordingly, with the basis of penalties being the 

total, full-depth tonnage.of material supplied rather than surface 

course alone. In the case of riding quality penalties, the determination 

of the quantity of material in an acceptance lot will be clumsy, requiring 

considerable calculations on the part of field forces to determine the 

tonnage of bituminous materials underlying a day's production of surface 

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

daily material del1ve 1ry slips. It is therefore recomnended that the 

Department make provisions in the overall framework of bituminous 

specifications so as to permit the assessment of smoothness penalties 
I on surface course tonnage alqne. The required (proportional) changes 

in payment reductions! for smoothness non-compli,mce would be furnished 

by Research. 

4. On some of the bridge decks studied in this research, the use 

of a transverse roller-finisher resulted in concrete surfaces which 

were almost completely free of measured st.raightedge 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 eqµipment to apply a machine 

finish in the inmediate 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 is thus reconmended that this Department 

make arrangements on a future project for a trial use of the roller-

finishing equipment to detennine its actual fitness for use on New Jersey 

concrete paving. Apart from the magnitude of any rideability improvement 

and overall compatibility with New Jersey conditi~ns, a key factor to 

be determined in this regard is the achievable production rate for 

on-grade paving. 
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