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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 (princi1,3ally 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 th2 AASHO Road Test 11 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 FHWA criteria, the average new bituminous pavement 
surveyed during this study possessed only a 11 Fair 11 level of riding quality. 
However, there is a significant and encouraging trend for more recent 
bituminous construction to be of improvect 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 adjecti,ve rating of "Fair to Poor 11 is indicated 
for typical New Jersey concrete construction. This result represents a 
general reduction in quality level compared' to work accomplished in earlier 
periods in New Jersey. In. spite of considerable experimentation with 
construction methods and equipment (including slip-forming), significant 
rideability improvements in pavements of New Jersey's present standard 
design appear unachievable withoµt 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 specif·tcation 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 ri deabi 1 i ty. ' 

New·Jersey's current 11 zero 11 straightedge defect smoothness specification i.s 
unrealistic and unenforceablee 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 i.nch in 10 feet. A graduated 
schedule of payment reductions is proposed when a non-compliant level of 
riding quality is indicated~ 
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IMPLEMENTATION STATEMENT 

The roughness ;nformation developed during the course of this 

research. has provided the New Jersey Department of Transportation with 

documentation of the need for and guidance as to methods of achieving 

improved rideability. A number of improvements effected in the areas of 

New Jersey bridge deck finishing and bituminous pavement equipment and 

construction methods are, described in the report. Much o,f the impetus 

for these improvements was provided by the initial f'indingsof this 

study. 

The implementation of the research findings can be completed by 

adopting the bridg.e deck and pavement smoothness acceptance specifications 

recommended in the report. 
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PART I: INTRODUCTION 

1. l . RESEARCH OBJECT! VES 

The principal objectives in undertaking the present research 

were 

• to deve 1 op an index of riding quality for recently constructed 

New Jersey pavem~nt and bridges using a BPR-type roughometer, 

• to identify the sources of roughness on the measured surfaces and 

. to investigate the desirability and feasibility of adopting 

riding quality acceptance specifications. 

1 . 2 BACKGROUND 

The major stimulus for initiating a statewide study of riding 

quality was the findings of New Jerse,y pavement roughness surveys made 

in 1962 and 1963 using the Federal Highway Administration (FHWA) prototype 

roughometer. This sampling. indicated that a general improvement over the 

then current 1 evel of ri deabi Hty of new construction projects was needed, 

particularly with regard to bituminous pavements and bridge decks. 

More specifically, according to roughness evaluation criteria 

developed by the FHWA, the surveyed bituminous pavements were generally 

considered to be of 11 Fair11 r'\iding quality. In the case of the 1962 

testing, the sampled New. Jersey bituminous pavements were characterized by 

an average of from 10 to 60 percent greater relative roughness than 
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flexible pavements surveyed in three* other northeastern states during 
. ·. I I 

the same period. While the tested concrete pavements of th~ early 

1960 1 s generally merited a 11 Good 11 roughness rating, improvement was 
I 

felt to be possible since old concrete pavements tested at th~ same 

time in certain cases exhibit~d equivalent or significantly 1Jwer 
I 

roughness levels after 15 or more years service. The limited sample 

of bridge decks tested in 1963 indicated theat these surfaces were of 
11 Very Poor" riding qua 1 i ty. 

In the fall of 1967, the Department's Division of Research 

purchased a BPR-type roughometer. After acquiring the roughometer, 
i 

approximately six months were s,pent in making familiarization runs, 

in comparing the output of the New Jersey device to that of other 
i 

roughometers, and in collecting data on bituminous overlays. In 

mid-1968, data collection began on the projects described in this 

report: new construction on new alignment. 
I 

I ! 

As a complement to determinations of relative smoothness made 

with the roughometer, a 10-foot rolling straightedge was used concurrently 

to survey selected 'bridges and sections of pavement. One objective of 
t 

this straightedg~ng was to provide a smaller scale, more readily inter-

pretable indication of the surface characteristics and sources of roughness , I 

on the measured surfaces than that provided by the roughometet. A second 
I 

equally important objective was to determine the potential of the straightedge 
i 

as a construction control/acceptance device in this State. 

*Massachusetts, New Hampshire and Vermont 

t. 
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PART.II: ROUGHNESS MEASUREMENT EQUIPMENT AND TEST METHODOLOGY 

2.1 ROUGHOMETER 

2. 1.1 Nature of the Device: As shown in Figure 1, the roughometer 

consists of a test whee.1 mounted on a rectangular towing frame thru 

two single-leaf springs and cylindrical damping devices. As the 

rougho 1 ter is towed along the roadway at a standard speed of 20 mph, 

the te. deflects with respect to the towing frame in proportion 
/ 

to the roughness of the road. The amount of differential movement 

between the test wheel and the high mass frame is automatically measured 

by eleJtronic equipment::and reported as the 11 Roughness lndex 11 (RI) in 

inches per mile. 

FIGURE 1. The New Jersey Roughometer 

-3-



-4-

2. 1. 2 General Testing Procedures: As project conditions penni tted, 

roughness determinations were made on all lanes and wheelpaths for the 

entire length of :the paving projects selected for study. A large sample 

size is particularly desirable in collecting roughometer data slnce a 

wide range of roughness 1 eve ls is usually encountered on i ndi vi dua 1 

projects*. 

The Roughness Index·reported for each.project is the average of 

the RI's obtained for each one-fourth mile increment of pavement, with 

an individual roughness value being the average of at least two consec-

utive measurements. 

When "pavement" roughness is described, the roughness of any 

included bridges has either been (proportionally) corrected for or 

eliminated from the averaging process. 

2.1.3 Evaluatfon Criteria: 

FHWA Adjective Rating System: 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. 

The FHWA qualitative rating system evolved from an analysis of the level 

of riding quality actually achieved in practice, based on a sampling of 

580 miles of new rural Interstate construction in 17 states. 

The adjective ratings corresponding to particular roughness levels 

for new pavements designed for the above service are presented in Table 1. 

*The mean range of roughness observed on i nd'i vi dual New Jersey pavi og 
projects is 62 inches/mile on c:oncrete and 46 inches/mile on bituminous 
projects. 



Table 1. FHWA: Roughness Evaluation Criteria 
' Roughness I nqex (I nche~ Per Mi 1 e) . 

Bituminous Concrete 
Pavement Pavement 

·below 54 below 67 

54-66 67-81 

66-82 81-99 

a2~102 99~ 121 

Above 102 Above 121 

Adjective . 
Rating 

Outstanding 

Excellent 
Good · 

.Fair 

Poor 

At least 20 states have conducted pavement evaluations using 

a roughometer and, in a number of cases,. have emp 1 oyed different rating 

criteria than that promulgated by the FHWA. This use of individualized 

roughness evaluation guidelines is a reflection of the fact that 

differences in the output of various roughometer models exist, .as well 

as differences in the prevailing level of riding qualjty. However, 
) 

while the use of tt, fHWA ~utdelines is not completely standardized, 

responses to a questionnaire indicate that when alternate criteria 

are employed, they are generally patterned after that of the FHWA. 

· As an example, Table 2 shows the FHWA criteria compared to guidelines 

which have been used in evaJuating concrete pavement-in several states. 

The principal modifications made by the states shown in this sample 

are the combinati Ol"I of the tHWA I s "Outstanding" and '"Excellent" ratings 

into a single "very smooth" category (less than 80 inches/mile) and 

the occasional addition of~ 11 very rough" category. Each ofthese 

states uses essentially the same cutpoff point between a 11 Fair 11 and 

"Poor" riding quality pavement: 120 to 125 inches/mile. 



.·FHWA States A 

RI. Rad.rig RI 

< 67 Outstanding 

67-81 Excellent, < 75 

81-99 Good 75-90 

99---121 'Fair 90'-125 

> 121 Poor 125-170. 

170.,.,220 

TABLE 2 

Comparison of Roughness Evaluation· 
Guidelines from Various Agencies · 

(Concrete Pavement) 

Rating 

Y. Smooth 

Smooth 

SI. 11ough 

Rough, 

v. Rough 

C 

RI 

V. Good· 

Good 

Fair 

RI 

< ·80 

80--95 

95.:..110 

110-120.· 

>120 

Good 

Fair 

100_;125 

·125-160 

> 160 

V. Smooth 

Smooth 

Acceptable 

Rough 

V •. Rough 

· · *Used for both bituminous and concrete; state D is thus less critical in rating bituminous pavement tha.n the Fl{WA. 

**System used in the 1960's; state E presently employs FHWA criteria.· 
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Pavement Serviceabi 1 i ty Performance Concept: While the FMWA 

adjectiv~ rating system is the principal yardstick employed to gauge 

the quality level of pavements described in this work, it is important 

to note that the relevance of roughometer data fundamentally accrues 

from the proven ability of such data to measure user opinion. In this 

regard, the estimate of user opinion provided by roughness measurements 
is the major factor in determining pavement performancethru application 

of the IIPavement Serviceability - Performance'' conceptl developed at the 

AASHO Road Test. 

The pavement servtc:eability concept is in essence a statement of 

the proposition that the degree of acceptability of a given pavement 

should be based on the opinion of the road user. The finding_which 

permitted application of the serviceability concept was the discovery 

that the subjective judgement of a representative cross-section of road 

users could be closely estimated through the use of equations statistically 

developed from physical measurements of pavement characteristics, including 

wheelpath roughness. 

In the practice of .developing serviceability equations at the ,, 

Illinois test and in a subsequent lar~e-scale satt~llite study at Purdue 

Universi ty2, panels of judges consisting of highway professionals and 

laymen rode the selected roads and rated them on a scale of Oto 5, in 

order of increasing acceptability. The panel rating was then correlated· 

with significant physical pavement characteristics in a regression 

l Carey, W. N. Jr. and Irick• P. E. "The Pavement Serviceabtl ity .. Performance 
Concept", HRB Bulletin 250~ ~P· 40 .. 58 (1960) · 

2Yoder, E. J. and Milhous, R. T. "Comparison of Differer.1t Methods of 
Measl,!ring Pavement Condi ti on 11 , NCHRP Report 7 ( 1964) \ · 
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equation of the genera 1 form, 

' ,' 

i (Equation 1) 

Where PSI - Present Serviceability Index = estimate of mean 
user opinion .on a scale of Oto 5 as to the 
abj 1 ity of a specific section of pavement to • 
ser\le high-speed, high-volume, mixed traffic 
at the time of the evaluation. · ' 

C = coefficients · 
F -= measured factors of pavement roughness, 1cracki ng · 

and patching~ and rutting I 

i 

Once an Jnitia1 serviceabi'lity index _is determined fo~ a given 
' ' -

pavement,the performance of that pavement is then defined in terms of 
• , • - . • - • I 

the.decrease in PSl with increas:ing load applicatibns. Simply stated 

then, the PSl measure of pavement performance is based on a h/aory of 

the estimated opinion of highway users as to the.l~velof serJice provided~ 

The objective information as to the condition arld esti 1mated 
- -_ - - - - I 

remaining service life of pavements obtainablethru applicati'on of the_ 

present serviceabilfty concept has been used by numerous states to 
- -

· compare alternate pavement designs ar,d to ass.ist fo programming rehabilita-

tion work. As an adjunct to descriptive ratings of New Jersey pavement 

roughness data made using the FHWA guldelines, this data is also discussed 
- - - , , - - -- - - : : - - , -- I -- -

to a limited extent in terms of Present Serviceability equi va 1 ents. 
' ' 

Such discussion principally centers on the fundamental applicability 
I 

(or lack of applicability) of the serviceability concept to design and 

maintenance decisions in New Jersey. 
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.. 

Unlike the. FHWA .criteria for new Interstate construction,· 

a user rating resulting from application of the PSI conceptw.ill not 

specifically reflect on the age or class of service provided. It thus, 

might be expected that, given a particular Jevel of roughness, a 

pavement will be rated less severely acco'l"'ding to .the PSI system 

rather than the FHWA system~ To insure that New Jersey data is 

given the appropriate interpretation in terms of PSI, it would be 

necessary to conduct a statistical study to determine a unique equation 

refl,ectfng our particular equipment and 1,ocal conditions or to conduct 

an in-depth correlation with equipment for which a PSI equivalency has 

been developed. As an alternate to these measures, equations 2 and 3 

have been adopted for this work. These equations -- subsequently 

referred to as the ''Guidelil')esllequations -- are generalized3formulas 
. ' 

resulting from experience with eight BPR'."type roughometers over a 

considerable number of test sections at the AASH0 and Purdue test sites. 

Where: 

" 

Concrete.Pavement 

PS.I - 11.10 - 3.67 log RI - .09 JC + P (Equation 2) 

Bituminous Pavement 

PSI= 11.29 - 4.11 log RI~· .01 + p- - 1.23RD2 (Equation J} 

PSI 
RI 
C 
p 
RD 

= 
= 
= 
= 

Present Serviceability Index (dimensionless) 
Roughness Index,· inches per mi 1 e 
Linear feet of cracking per 1000 square feet 
Square feet of patching per 1000 square feet 
Average rut depth, inches 

3Irick, P. E. and Hudson, W. R. "Guidelines for Satellite Studies of 
Pavement Performance", NCHRP Report 2A, Appendix D (1964) 
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The new pavements considered in this study :~ad ~:egligi6'le · · 
crack.i_,r,g,. patching and rutting at the time of the roughometer 1surveys. 

;,.-·--,-.·. ..,._t·,;•,"; 

Thus, initial PSI values are calculated solely on the basis of the 

observed roughness index. In this connection, it should be noted that 

in; using the described PSI equations to estimate user opinion 'at !!J.t 
I 

particular time, the predominant weight 1s given to the surface roughness 

factor. For examp 1 e, on a rigid pavement the indicated maxi mum influence 

of cracking qll<l Rptching is only 0, 13 units on the 5 unit PSI 1scale . 
. -, •,; 

Similarly, themaximum reduction in PSI for a bituminous pavement having 

an ave'rage rut depth of as much as 1/2 inch is only 0.32 units. 

1 The terminal serviceability level -- that is, the lowest 

servic~ability level u,at will be tolerated before resurfacing or 
I 

reconstruction becomes necessary -- is generally acceoted to be a value 

of 2. 5 for major hi'ghways4. This criterion for resurfacing corresponds 

· to a (mid-range) 11 Fafr 11 user rating according to the evaluation system 

used at the AASHO Road Test. A minimum acceptable value for the initial 

serviceability of new cons true ti on is not, however, as we 11 es tab 1 i shed. 

The FHWA has suggested that a borderline 11 Fair/Good 11 according to their 

rating system constitutes an 11 Acceptablell as-constructed serviceability 

level. This would appear reasonable inasmuch as three-fourths of the 

new pavement included in the FHWA's multi-state roughometer survey 
i 

equalled or exceeded this rating level. Using equations 2 and 3, the 
I 

PSI equivalents of this 11 Fair/Good 11 suggested minimum rating ar~ 

3.7 and 3.3, respectively, on concrete and bi.tuminous pavement. 

411 AASHO Interim Guide for Design of Pavement Structures", pp. 5-6 (1972) 
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2.l.4 Output Variation o(the New Jersey Rougt,10meter: A discussion 

of the output variation of the New Jersey roughometer and attendant 

implications on the reliability of the roughness data obtained is 

presented in some detail in Appendix<.A. · .The. appended discussion is 

summarized here for the re~<ier interested only in a general understanding 
. of output vari abi 1 i ty. 

To determine the extent to which the overall output of the 

New Jersey roughometer agrees with that· of BPR type devices from other 

agencies, actual comparison runs have been made with otherroughometers. 

At various times, New Jersey roughometer readings for SJ?eci fi c sections 

of pavement have been compared to.readings obtained at the same time by 

the BPR, Maryland, North-Carolina, and New York roughometer models. 

These comparison tests indicated that the output of the .various devices 

was in reasonable.accord. When differences in roughometer output were 
( 

observed in these comparisons; they generally were in the direction of 

an underestimate (i.e. low r.eadings) by the New Jersey device. 

To determi_ne whethe~ consistent read.ings were obtained during 

the course of the work, periodic test runs were made on control sections 

established on three pavements located near Trenton. As a result of 

hourly, daily and seasonal trends observed on these sites, it is believed 

that duplicate readings made, with the New Jersey roughometer at a 

particular time during this study might generally be expected to vary 

from a representa\ive central value resulting from numerc,us runs on. the 

p~vement under .study by a maximum of abOJJt ± 6% on bituminous pavements · 
I 

and by about ± 8.% on concrete •. · 
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As will be described~ a significant correlatirin was observed 

to exist between the roughometer ~nd rolling straightedge dad collect~d 

in this work .. Thus, comparison of the data output from the two devices 

provided a reciprocal 11 reasonableness 11 check. 

2 .1. 5 Problems Associated with the New Jersey Roughometer: While the 

New Jersey roughometer has provided useful, reasonably reliable roughness 
I 

information, considerabledifficu1ty was encountered in keeping the 

device operabl.e at certain stages of the.work. For various r~a:sons, the 

equipment was µnavailable for a portion of 1969, for most of 1971 and 
.. . , . I . I , 

the entire yea:r 1972. The earliest problems encountered were of a 

relatively routine, but nonetheless time-consuming nature (i .!e. reolacement 

of faulty gears, springs, electrical and mecha.nfcal cables, m.inorelectrical 
I : I 

: ; I 

components, etc). The later, more lengthy periods of downtime were associated 

with either the replacement of rnajor mechanical or electrical components 

(e.g. inverter, damping assembly} or involved con~iderable troubleshooting. 

As a consequence, the roughness of certain of the later studied 
i 

projects was gauged by measurements.made with the BPR prototype roughometer 

loaned to the Department for several weeks in 1972 

measurements alone. 
I 

or by straightedge 

To provide back-up for the roughometer in any future riding 

quality studies, the Department has made arrangements to purchase a 11 Mays 

Ride Meter11 • While the basic operation of this device is similar to the 
I 

roughometer, it differs• from the latter pri nci pally in that the roughness 

detection apparatus iscontafoe~ in a passenger vehicle rather than in 

a towed trailer, with the incMcated roughness being based on relative 

\ 
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motion between th.e car. ~xle and chassis. Also, test speeds more closely 

resemb 1 i ng at:Jual highway speeds can. be emp 1 oyed (40 or ~O mph versus 

20 mph). In the Mays Meter, roughness index is determined by measuring 

the length ~fa paper record depicting individual ~xle excursions 
' ' 

. .rather than from an elec:tronic display of roughness count. 

2.2 ROLLING STRAIGHTEDGE 

2 .. 2. l Nature of the Device.: The rolling straightedge used in New Jersey 
. ' I . . ' .. 

consists of a lO~fodt aluminum b~am that rolls on hard-rubber wheels and 
. . ' I . . 

suspends an indicator wheel at its midpoint (Figures 2 and 3). As the 

straightedge is pushed along the roadway, surface irregulari.ties are 

transmitted from the indicator wheel to an enlarged scale which indicates 

the magnitude of the devfati on ( O to l/211 in 1 /8 11 increments) and its 
. ' . 

nature (i.e., bump or depressioli). The length of the deviation exceeding 

1 /8 inch in 10 feet is automat;.cally marked on the pave~nt in red dye 
' . 

' ' . 

by a cam-activat,eddye release mechanism*~ 

2.2.2. Objectives and General ·Testing Procedures:· Straightedge data 

-13-

was collected with two baiic objectives in mind. The fir.st was to obtain 

da.ta of a more usable type and scal.e than t.hat provided• by ithe rougho111eter 
' ' ' 

. ' .· ·.•.. ' i . ', ' . ·.·••·· .•... 
on which to judge both the nature of New Jersey 'pavement roughness ·and 

the extent to which certai'r design.features and.construction practices 
i 

add i ncrementa 1 r01,ghness 'io the finished pt9dU;ct. The second objective 

was to determine the suitability of the rollingstraightedgeas a, 
I ' •\'• • ' c• • 

construction control and.acceptance devite in this state. 

*The cam-activated dye release is a Research modification replacing a manual 
release furnished by the straightedge vendor. An automatic marking system 
of this type "'.'"' standard on certain 'straightedge brands -- should be specified 
if addi ti anal strid ghtedges ar-e purchased by' New Jersey~ 

\ 
\ 
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FIGURE 2. 10-foot Rolling Straightedge, side view 

FIGURE 3. 10-foot Rolling Straightedge, operator's view 



• 

To some extent, these objectives overlap and thus lend . 

themselves to the\ame i.nvesti gative technique: a. roughometer.;.rol ling 

straightedge regression 'analysis. For example, a. correlation between 
• ,• '. •' a •• • 

the .output of the two devices would no:ton1y provide an alternate 

method of characterizin~surface roughness, but would also yield a 

rational basis. for developing a rolling stratghtedge..:based acceptance. 

specification. 

To provide a common bas fs for comparing data, the one'"'.fourth 

mi le data repofting,.unit :employed in rougbometer surveys was adopted 

f()r use in collectingstr;aightedge data. 
. . . -. . . ' 

·. In selecting roughometer' sections from particular projects for 

straightedging, a random sampling process was not generally employed. 
' 

. That is, sections ·displayfng extr~me~ in roughness were sought rather 
. . . 

-15-

. than. sections having roughness representative of the project as a whole. 
•. : • , , C , •. 

Thus, care must,be exercised in analyzing this straightedge data on an 
,, 

individual project basis (e.g. in simulating straightedge-based 

specifications). 

The data recorded for a straightedge section generaJ]y resulted 

from a single test run an~ includ~s th'e following information for 

individual surface defects: the deviation length measured to the 

nearest foot, the maximum :vertical excursion of the· indicator wheel 

in eighthi of an inch, high or low nature, and location. 

An acceptable limit;,for straightedge deyiations measured on a 

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

is an unsettled question. For purposes of analysis, data for individual 
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. >>;Ji'.11!_.1:; surface defects occurring within a quarter;;_milEt~re :here expressed in 

·- 1. t~rms of three summary st~tist.ics:t the total n-u~@~r of devia'ti6ns 
.rJ~.-.~-, ·. '!.:.L;~-::. ... ~t,,.~:.l;r.r-.:,_>~ . - . . 

·. . . . 

exceeding l/8 11, the percent defective length and the total area of 

deviations. Sfo~e the simple number of straightedge .deviati orts does 

not reflect their severity, the latter two data presentations are 
. . . . ·,, ' . 

employed to take into account deviation span length and span length 

and magnitude, respectively. Equations 4 and 5 define percent defective 

length and deviation area as used in this work. 
i 1 

:E-L; 
Lo = --__ --.-Lr-•- X -100 (Equation 4) 

A1J = :e(12L i X M; ) -(Equation 5) 

Where: Lo = Defective length , % 
• I 

_Li= Length of an individual deviation>l/8 11 in 10 1 , feet 

Lr= Total length tested, feet 
. 2 Ao = Oefecti ve Area, 1 n 

M; Magnitude of an individu~l deviation, inches 

Application of the percent defective length parameter has the 

advantage that test sections of variible lengths (e.g. bridge decks) 
. . 

can be compared on a common basis. Since defective area is calculated 
. i 

as a rectangle having the maximum deviation magnitude as one side, this , 

indicator statistic might generally be expected to yield an ovJrestimate 

of actual devi,ation area. 

,. 

\ 

\: 
\ 
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2.2.3 Influence of Stfaightedge Characteristics on Data Output: As 

with many of the various instruments which have been. satisfactorily 
/ 

· used to measure pavement roughness, the rolling straightedge has 

inherent limitations o~: disadvantages which accrue from the design and 

. operating charaCteristics of the device. The more important .observed 

or reported limitattonsoftherolling straightedge are as follows: 

Non-exi sten:t Deviations: While the rolling straightedge may 
' ' ' . . 

indicate that a specific number ofdeviations exist on a pavement, 
_:., . -· '· '. . 

it is to be realized that certain of the indicated deviations may not 

be present in reality 10. That is, as the straightedge passes over a 

bump (or depression), it may indicate the adjacent pavement to be low 

(or high) relative to the bump (figure 4). 

Since these apparent deviations are of lesser magnitude than 

the actual deviation whi~h they reflect, they have generally been 

found to be prevalent bnly on rough surfaces {e.g. bituminous bases, 

bridge decks). 

Given that the to,lin~ straightedge might be expected to give 

an overestimate* of actual surface distortion on a rough surface, it 
. . . 

is apparent that suppl emeintary measurements would be required to some 

-17,· 

extent if correc:tive'actipn is contemplated. In particular, if grinding 
' . 

of a bridge deck was being considered, additional measurements with a 

stringline or ordinary straight~dge would be necessary. In this connection, 

deviations whi.ch should be checked in particular are those which immediately 

precede or follow a longer, higher magnitude deviation of opposite {high or 

low} m1ture .. 

lOHveem, F. N. 11 Devices for Recording' and Evaluating Pavement Roughness 11 , 

HRB Bµlletin 264, p. 7 (1960) 
• i 

. *It is. to be realized,that an ordinar-y ten-foot straightedge, if used alone, 
may not only gi've a s'imi lar overestimate but an erroneous indication of 
deviation magnitude and high or low nature as well. 
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Influence t>f Low Magnitude Deviations.: The smallest devic,tion 

magnitude measured and rnarked on the pavement by the New Jersey rolling 

straightedge is 1/8 inc~. There are ihdications that smaller, unmarked 

surface defects are sometimes prevalent on and detract from our pavement 

riding quality 11, This is, evidenced by the fact that on certain sections 

of pavement having a relatively high roughometer reading. few deviations 

of 1/8 inch or more were,observed, but the straightedge indicator 

constantly bounced back and forth between the 1/8 inch high or low 

graduations. 
' 

While such straightedge 11 chatter" has been observed on both 

concrete and bituminous pavements, in New Jersey, this effect is more 

prevalent on the- various {base thru top course) surfaces of flexible 

pavements. 

This small-scale unevenness indicated by the straightedge may 

to some extent be a function of the materials used (i.e. texture) in· 

the case of bituminous bihder. However, it is believed that on finished 
I 

bituminous and concrete surfaces, 11 chatter 11 is predominantly a reflection 

of undulations introduced by construction methods or equipment. Texture 

does not explain, for example, within-project chatter variations observed 

where no apparent changes in material occurred. 

One state using a rolling straightedge for acceptance testing employs 

procedures to minimize the effect of the small asperities reflected as 
11 chatter 11 • In that state, all rolling straightedge measurements are 

supplemented by normal straightedging, including places where plus to 

mi nus swings of the deviation i ndi ca tor are observed. If the dif f erenti a 1 

movement exceeds l/8 11 on a concrete pavement, correction by grinding is made. 

11 For a discussion of a similar situation observed in another state, see 
Hankins, K.D. and Orellana, H. "Development of a Construction Control 
Profilographll, Texas Highway Department Research Report 49-3F, pp. 1-3 
(August 1968). 
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Influ~nce of Deviation Wave Length: HveemlO ha{ noted that it 
I· 

is in the nature of any 3-wheeled roughness measuring device that certain 

; 'c~mbinationS of short wavelength deviations might ~ot be indicated. For 

this to occur with the New Jersey device, a situation would have to occur 

in which the pavement was shaped somewhat like a sine wave of 5 foot 

wavelength. 
I-

While it is possible that some such cyclic pattern of defects 

may be present in New Jersey pavements, it 1s the writer's opinion that 

long wavelength deviations represent a more probable class of defects 

which would be detected by the motorist but not by the straightedge. 

An upper boundary for measured wavelength is, of course, not unique to 

the rolling ~traightedge. 

2.2.4 Repeatability of the New Jersey Rolling Straightedge: At various 

ti mes during the course of this study, informal checks were made on the 

accuracy and precision of the New Jersey rolling -straightedge. J!..pa rt 

from frequent checks on the calibration* of the device itself, accuracy 

checks consisted -0f comparisons of rolling straightedge output to 

stringline and (normal) straightedge measurements. Expectedly; these 

comparisons iridicated that a calibrated straightedge yields a valid 

representation of the actual nature of surface defects~ 

•*The first step in the calibration procedure is to mount the straightedge 
in a wooden instrument stand and check for looseness or wear of any part. 
A spring-loaded string line is then passed from the front to back of the 
reference beam and across the travel whee 1 s. The actua 1 movement of the 
test wheel relative to thestring line zero and the dye release off/on is 
checked against the indicated movement for each .,division of the IIHigh 11 side. 
After slipping 1n11 shims between the travel wheels and stringline, the 
process is repeated for the 11 Low 11 side. Any necessary adjustments can 
usually be made whh small hand tools. 



. - .· . In late f972, a ser_ies of short and long-term repeatability . 

tests were und~rtaken .to quanttfy pre.viou;s info.rmal observations as 
. . . ' ' . . . . . .. . •' . _·.·' ·. ,· . . . ' . . . : .. :· .. i . .·· 
to the pre~isior, of the New Jersey .r:olling ·straigh~edge. In the 

present work' 11s hort~term'i refers to -nieasurellients made: Within·· a . ' - . - ". ··- . . . . . . . .. 

particular day or one day apart; whfle 11 l~ng-term 11 applies fo repeat 
. ···. . . ·. ··.. . . 

measurements made weeks or months apart~ 
1

. • 

, : • .• , , I ·. • , 

· ·· Since short-ter.m data mfoimizes the majo.r sources of variability 

in' the st:raigh'tedging process :fi .e. errorJ 10 calibrating 'the device and 
. -:. . . . . ' ·, ., . . . . .. , _- .. . \'.. .- .· .. ' . . . . . 

in following the same 11ne-,,ortrave1), th~ princi.pal significance of 

. this type· data is·: iR determining. the· capalji 1 itt of the, rolling straightedge 

·to.pinpoint n>ug.htiess, on future projects, )particular1Y in· an acceptance 
. I , 

' . . 

. testing s1tuation .• ·· The long-term repeata~ility: tes.ts were undertaken 

to provide some insight a_s to the possibhfmagnitude of variability· 

· associated withdata obtained ~ver an extehded· period, such as that· 
. ' 

. . . . 

described ir'I the present report~ .. I 

· ,Based <>n this. repeatability testfog:-.;; the details of which are 

prE!~ented in Appendix. B :::. ... sev~ral c~nclusions appearwarranted .. The . 

collected short-term data·:indic~tes that the··rolling straightedge 

•. as used in New J'ersey can, ~i thin a given day, provide a ·precise 

. measure .of ·the surface· char,1cteri s tics of· pavemen~; ranging from 

smooth to rough. More speci fic<tllY, the. observed standard deviations, ; . . ; 

sug.gest that rne~suremen~s-· resul t.i ng from a ;single, qua rte~ -mile pass 
. . . . . . : , . ,. 

with. the roll ingstraightedge Wi11 vary froin the mean Value of numerous . ·-1. .· .. :· . 
I .· . , .. • . 

repeat runs·'on the subject .sectJon during the same·day within a maximum i ··. : . . ' .. 

i. 
; 

" 



-22-

.. 

of about± 2.:..f defects,± 0.5 .percent defective length (equivalent 
-, - ',,·, '. 

to ~• 6-7 feet ofmeasured length), and t 9 square ihches of· def~Ctive 

area (equivalent to± 6 feet of l/8 11 deviatiori) .. 011 a relative basis, 

the short-term repeata.bi 1 ity of each of the three straightedge parameters 
. ·. . ... . . + .. .. . . ' . 

is approximately the same. (- 6-10% of the mean). 

The accuracy of the readings within a particular day and their -

subsequent rep~at~bility at a later date are d~pendent upon factors 

which can generally be contro 11 ed by the user. 

this regard is the calibration of the device: 

The most important in 
. \ 

If the rolling straiqhteedg~ 

Js used in a critical application such as acceptance testing, calibration 

must be chec~ed each. testing day. If .readings on a particular te.st 

profile line are to be repeated at a later date, it would .. appear worthwhile 

to lay out gufde marks tm the·pavement so as to minimize variability 

associatedwith the straightedge line of travel, particularly for interior 

lanes and wheelpaths. 

While it:is difficult to proportionally assign total variation to 
. . ·. . . 

specific sources, the long-term data col·l ected in this repeatabi 1 i ty 

study does·i~dicate·the presence of calibration errors. When such 

calibration differences occurred, they entailed a relatively small 
. . 

decrease in the precision with which the straightedge could detect the 
. . . . ' . . . . ' - . ' 

number and length of deviations. In contrast, calibration errors 
' . . - i ' ' . . . ·. 

significantly diminished the precision of the more sensitive defective 

area .pa. rameter. Since deviation area ts based on the maximum maqnitude I . , 
. . 

encountered in a partkular span, a difference in calibration sufficient 

to cause 'a relatively sm~ll number of missed or foreshortened defects 

\ . 
\ 



' may cause 100% error in deviation area. This greater precision for 

the number and length statistics and their simplicity of calculation 

relative to defective area indicate them to be more useful parameters. 

Variation in the magnitude of detected deviations between 

measurements made_ at long-term intervals will generally be limited to 

the smallest division on the deviation dia'i (l/8 11 ), with the actual 
. + being on the order of - l/16 11 • 

-23-
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PART Ill: CONCRETE PAVEMENT RIDING QUALITY RESULTS 

3.1. ROUGHOMETER DATA 

3 .1. 1 Average Project Roughness: Tab 1 e 3 presents a summary of 

roughness data obtained on 14 recently construc.ted concrete paving 

'projects. This sample comprises·nearly,250 miles of roughometer data 

(998 quarter-mile sections). 

The mean Roughness Index .of these individual projects ranges 

from 101 to 154 inches per mile and averages 122 inches per mile/ 

According to the FHHA Criteria, the average level of riding quality 

provided on efght ofthe projects iS 11Poor 11 while the remaining ,six· 

would be rated as 11 Fair1'. The average level of roughness of the 

project means (122 inches/mile) corresponds to a borderline "Fair-Poor" 

FHvJA riding quality rating. 

In comparing individual projects, it should be noted that these 

pavements were surveyed at varying intervals after opening to traffic. 

Specifically, eleven projects v,ere surveyed within. four months of 

. opening, two within. two years, and one 0-287, 6F and 73) after 45 

months. It might be reasonably assumed that roughometer measurer.ients 

obtained for 11 of the projects are representative of the "as-cons.tructed" 

state. T\•JO of the projects would be considered "new'' pavement, but 

should have some tolerance applied to the indicated readings to· place 

them on a common as-constructed basis. The l-287 project should 

probably not be~onsfdered on the same basis as the 0~1er projects. 



" 

TABLE 3: Summary of Roughometer Data for Concrete Paving Projects 

Project Date Date Length ·. Roul?hness Index (inches/mile} 
Opened Surveyed t2 - t1 of, Length 

No. Route and Section . t1 t2 (Months) Project Surveyed Range Mean FHWA Rating 

1 l--80, 1N -- 8/72 0 4.1 mi. 3. o mi. 100-220 · 154 POOR 

2 I-295·; 3B&4A .· 10/72 7/72 0 4.2 2.0 92-174 114 FAIR . 
·. 

3 I-295,2L&3A 10/72 7/72 . 0 3.4 1.5 90-'165 124 POOR 
. - -

4 I-280,6G 6/72 8/72_ 2 .... --1.0 -- -- ---- • 75 ..... 112;;._152 C 124 . . POOR 
-- - ··-· 

5. I-280,6L&7E 6/72 8/72 2 1.0 • 75 112-132 122 .POOR 
.· 

'" 

6 NJ2l(FWYJ,4A 12/68 12/68 0 1. 3 .· 1.0 96-161 139 ' POOR 

7 I---295,lR 12/68 · 10/68 .· 0 5.9 3.0 90-139 113 FAIR 

8 l-78,2G 10/68 11/68 1 11.3* 2.0 103-158 128 POOR 

9 I-287,7C 10/68 11/68 1 3.8 2.0 . 92-156 124 POOR 

10 I-'78,2M&3E 7/68 11/68 4 3.1 2.0 93-144 112 FAIR 
.· 

12/67 4/68 11 r-78,3F· .· 4 4.1 4.0 74-150 101 FAIR 

12 I-78,3G 7/66 5/68 22 5.4* 3.5 76-140 107 FAIR 

13 I-287,6E 7/66 10/68 27 2 .4 · 1.0 108-158 127 POOR 

· 14 I,-287,6F&7B 7/66 4/70 45 2.0 1.5 101-147 119 FAIR 

*includes bituminous portion of project 
AVERAGES 62 122 POOR 

Initial 
PSI 

J.07 

3.55 

3.42 
- -

! 3.42 

3.44 

3.24 

3.56 

3.37 · 

3.42 

3.58 

·. 

3.74 

3.65 

3.38 

3.48 

' 

3.45 

' 

I 
N c..n . 
! 
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Unfortunately, there is no relationship known to the writer· 

\'Jhich might be applied specifically to New Jersey data to extrapolate 

in-:-seryice rqughness readings to an as.-constructed condition. ·. However, 

yearly increases in roughness for concre"te pavements have been reported 

for other states. For example, Alabama12 reports an average increase 
. . of 3 inches per mile per year, while 4-5 inches per mile is considered 

11 normal 11 for Michigan13 conditions .. 1In view of the high traffic, 

volbmes and truck percentage$ prevailing in this state, yeahy inCreases 
. . I 

· at 1 east as liigh as those reported for other states might be expected 

in New Jersey. 

To provide some information in this regard, Figure 5 shows the 

absolute roughness differences observed from resurveys of 7g test 

sections selected from three projects ,subjected t() 1-1/2 to 3 years of 
. ' . ! . 

traffic. As indicated, mixed results were obtained in thi.s small resurvey 

sample.··. The l.a.287 proJect showed essentially <M change· in ~verage 
I 

( ' . ' . . . 
rou~hness (actually a slight indicated decrease), while the l-78,/3F and 

·1 . • ' . . 

2G* /projects displayed consistent increases averaging 6 and 16.inches per 

mile per year, respectively. 

. I 

12Holman~fF. L. IIPavement Roughness andDeflection Studies of Alabama 
. Highways!', Alabama Highway Department Research Report 4-1, 1p~ 56 {1969) .. . . I 

13House], W. s. 
Servi ce 11 , HRG 

11 Cumulative Changes in Rigid Pavements with Age in 
Bul,letin 328, p. 2Z (1962) 

*While such was not investigated in thfs 1-Jork, the large roughness 
increase observed for the r~7n, 2G project may be atypical in that· 
the influence of pumping is strongly suggested. This type distress 
v,as observed · eve,n before the project was .opened to traffic. 
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If increases of 6 inches per year or more; are typical of New 

Jersey rigid pavements, the roughness data shown in Table 3 for the 

I-78, 3.G and I-287, 6E projects could respectively be extrapolated to 

"Good 11 and 11 Fair11 ratings on an as-constructed basis. 

If, as suggested bythe FHtJA, a borderline 11 Fair/Good 11 riding 

quality rating (RI< 99 inches/mile) constitutes a minimum acceptable 

value for neu construction, then only tv.ro older projects--I-78 Sections 

3F and 3G--would be considered as, providing an 11 acceptable 11 initial 

level of service. 

3.1.2 Roughness of Individual Test Sections: ~Jhile the average riding 

quality rating of each of the studied projects is relatively uniform 
I 

at 11 Fair 11 or IIPooru, Table 3 indicates that within a given project, 

considerable variation was generally observed between the riding 

quality of individual quarter-mile test sections. Thus, most of the 

projects have some sections \'!hich 1,,ould merit a 11 Good 11 or better rating 

(99 or fewer inches/mile) and all projects have some sections of 11 Poor 11 

riding quality. On an average basis, the roughness difference between 

the highest and l01·1est rated sections on particular projects amounts to 

62 inches per mile. 

The riding quality distribution of the 998 individual test 

sections sampled in this wo·rk is •shown in f.igure 6. ~Jhen the data is 

considered on this basis, a somewhat more optimistic view of New Jersey 

concrete pavement riding quality prevails, with the 11 Fair 11 and 11 Good 11 

riding quality categories predominating. However, less than one-fourth 

of the sampled sections satisfy the flMA criteria for 11 acceptable'1 

{i{ 
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FIGURE 6 
Roughness:. Distribution Of lndividbal Roughorneter Sections 

( CONCRETE PAVEMENT) 
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initial serviceability. Theadditional category {greater than 150 

inches/mhe)shown in th,e poor tiding quality zone is arbitra.ry and 

represents the writer's opinion of "Very Rough" concrete pavement. 

While all of the indicated data represents 11 pavement 11 roughness, 
I 

122 of the sections (12%) contained one or more bridges. Although the 

roughness of the included bridges were proportionally eliminated, these 

sections contained bridge approach and transition slabs (Detail 1, 

Appendix C*). The roughness of these more difficultly constructed 

sections, containing multiple short slabs, averages 135 inches per mile 

( 11 Poor 11 ). The remaining sections--consisting exclusively of our normal 

mainline design--average 119 inches per mile (marginal 11 Fair 11 ). 

3.1.3 Present Serviceability Equivalents of Roughometer Data: The 

present serviceability index (PSI) equivalents of the project roughness 

shown in Table 3 are relatively uniform, ranging from 3.07 to 3.74 and 

averaging 3.45. ~Jhen the PSI level of these pavements is considered on 

the basis of individual test sections (Figure 7), several important 

points become apparent. 

First, the net effect of converting roughness data to PSI 
*' · equivalents is to reduce the spread of the data, with more than 90 

percent of the test sections falling wfthin a single (3.0-4.0) PSI 

range. If the basis for evaluating the data were the AASH0 Road 

Test criteria {i.e., neglecting the fact that the pavements are ne1t1, 

predominantly Interstate type construction), a 11 Good 11 rating \'/Ould be 

indicated for this PSI range.· This of course is in contrast to the 

*page 225 

A 

' 
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FIGURE 7 
Histogram Of Roughometer Data Converted To Present 

Serviceability Equivalents 
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assessment via the FHIJA criteria that most of th;e pavemen·t sections 
',J'.<.l/,·•··- ,. .. ,i,.,.··.:J:/.!!,;,f,,- '), ,,.~::.,, . .-_:. ·._. - , ··-: / . " . 

evaluated did not provide acceptable initial serviceability. However, 

the important and surprising point here is not the higher qua 1 i ty 
I 

rating indicated by the PSI system, but rather that any single rating 
\': 

in the PSI approach could apply uniformly to the \vide range of concrete 

pavement roughness data collected in-this study. 

Secondly, and most significantly--given the current as-constructed 

serviceability level of our concrete pavements and the use of 2.5 as a 

terminal serviceability index--it appears that the present serviceability 

concept can have only marginal applicability in Nm•; Jersey. That is, 

in determining the performance record of a pavement--defined as the 

trend in present serviceability with accumulated axle loads (or time)--it 

has been indicated3 as important that a serviceability drop of at 

least l.O from the initial to terminal PSI be available. Slightly 

less than half of the New Jersey concrete pavement serviceability data 

would meet this criteria of a one PSI unit differential if AASH0 1 s 

recommended 2.5 terminal PSI \1ere applied. Thus, due to the probable 

slight slope of the PSI curve and attendant limited information as to 

the relationship bebs;een servic~abHity and applied loads, application 

of the present serviceability concept to many sections of New Jersey 

concrete would provide little guidance in determining meaningful 

performance trends. 

3 Op. Cit., p. 14 

• 
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3. 2 ROLLING STRAIGHTEDGE DATA 

3.2.l Nature and Size of the Sample: A total of 68 quarter-mile 

test sections of known roughness index have been surveyed with ~1e 

rolling straightedge. The tested sections 1r1ere selected from 12 of the 

14 previously listed concrete paving projects. An additional 

straightedge sample from two (slip-form) projects not tested \,1ith the 

roughometer was also obtained and win be described separately. 

l\ll of tht~ data subsequently referred to is 11 raw 11 data in 

that no attempt has be_en made to eliminate any reflected (non-existent) 

deviations. To simplify the analysis, no distinction between high and 

lm,, deviations is made. (On the average project, highs constitute 

about three-fourths of the measured defects.) 

The number of defects observed in the concrete µavement 

straightedge sample ranged from 4 to 122 and averaged 35 per quarter 

mile (Figure SA). The calculated defective length ranged from less 

than 0.5% to more than 28% and averaged 7.6 percent of the tested 

length (Figure 8G). This. average percent defective corresponds to 100 

feet per quarter mile of deviation exceeding 1/8 inch in 10 feet.' 

3.2.2 Patterns of Defects and Influence of Joint Roughness: Later 

sections of this report present conventional regression plots illustrating 

~pecific relationships between the various straightedge parameters and 

the level of riding quality (Roughness Index) provided. 

As a first, generalized indication of the surface characteristics 

of flew Jersey concrete, histograms !1ave Leen prepared illustrating hm-J 

the number and severity of surface defects changes witi1 roughness levels. 

Figures 9 and lO show the average pattern of measured straightedge 

defects observed on pavements having rougfiometer readings corresponding 
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· 1. 

FIGURt 8 .. _.,,- - · 
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to 11 Good 11 , "Fair" and "Poor" rideauility respectively. The histogram 

for "Good" riding quality is a composite of data collected on 12 sections 

from 5 projects; 11 Fair" represents 34 sections from l O projects, and 

"Poor" is composed of 22 sections from 10 projects . 

Before proceeding uith a discuss ion of the suuject his tog rams, 

a definition of the "joint11 roughness indicated on tilese figures is 

in order .. 

The extent of defects occurring in the vicinity of transverse 

pavement joints 1:1as separately recorded so as to determine tiie relative 

influence of this design feature on overan rougimess. Nev, Jersey and 

Wississippi are the only states known to employ a pavement design which 

exclusively uses regularly spaced expansion joints* (3/411 1<1ide, spaced 

at 78 feet 2 inches). These joints are normally of the formed type, vii th 

extensive hand-vmrk being involved in restoring a smooth finisll to the 

surrounding plastic concrete. In deciding which straightedge deviations 

should be considered as occurring at the joint, it was conservatively 

assumed that pavement 1. 5 feet on either ~-. i de of the joint proper might 

be influenced by joint construction practices. Since the rolling 

strai9htedgc can indicate a deviation to be offset as muci1 as 5 feet 

from its actual location, deviations measured 6-1/2 feet on either side 

of the joint are herein defined as occurring at the 11 joint". A schematic 

representation of this joint definition is provided in Figure 11. 

*A detail of the fiew Jersey expansion joint and photographs illustrating 
the method of construction are contained in Appendix C, Details 2 thru 4 
( pages 226--230). 
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FIGURE 9 

TYPICAL DISTRIBUTION OF STRAIGHTEDGE DEFECT 
MAGNITUDES 

ON CONCRETE PAVEMENTS OF VARIOUS RIDING QUALITY LEVELS 
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ON CONCRETE PAVEMENTS OF VARIOUS RIDING QUALITY LEVELS 
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Observations asto the indicated average patterns of straightedge 

deviations• for Ne\·1 Jersey c.oncrete pavements .shovm in Figures J and 10 
• • ' ' • 1 \ ,., 

are as follows: 

Predorni nant magnitude arid l eng,th of devia tlOQS: The most 

common measured surface defect is a short (1 to 3 foot), 1/ 8 inch 
' 
·, 

deviation. This class o'.f deviation accounts. for about two-thirds of 

the total number on ".Fai:r 11 arid 11 Poor 11 rated pavements and three-fourths 

of the total on 11 Good 11 riding surfaces.· 

Expectedly, when; the larger magnitude deviati.ons occur, 

they are accompanied by ah increase in length. 

Defect ratios,: As might be anticipated, 10~1er-rated pavements 

show an increasing number of deviations of al1 rr\ag'nitucies. F,or 1/8 

inch deviations, the ratio of the average number of defects on Good: 

Fair: Poor riding quality pavements is about l:1.5:3~ ln terms of the 

average total length of deviations, this ratio becomes 1:2:4. 

Hhile an acceptable ride is c;olripatible with some limited number 

of 1/8 inch deviations. 1/4 inch or greater magnitudes apparently have 

an inordinate. effect on ~idfog quality and should be severely restricted. 
: . ' / 

Relative influence of joint J•oughne'ss: Based on the severity 
' 

and extent of straightedge deviations, several tre'nds are apparent with 

regard to the overall contributfon of joint roughness. : . . . . . 

First, on the smoother pavem~nts, a substantial portibn of the 

surface roughness is due to the joint cons~ruction practices, joint 

deviations accounting for ,about 35 and 45 percent of the total nutr,ber 
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of defects on 11 Fair11 and "Good" riding quality pavem~nts respectively. 

On a rough pavement, joint deviations contribute relativel'y less 

(25-30%), most of the surface defects thus being associated with the 

construction of the slab proper. There thus is a genera 1 trend for 
I 

joint roughness to represent a higher proportionate share of overall 

roughness with increased pavemen~ smoothness. 
! 

lt is important to note, however, that while the percentage 
I 

of roughness occurring at joints ,does vary and illustrate a trend, it 

is also somewhat centralized about a constant value. Specifically, 

the joint roughness contribution for about two-thirds of the straightedge 

test sections falls in the 30 to 50 percent range. On an average basis,· 
I 
j 

ab.out 40 percent of all defects are associated vii th the portion of the 

pavement in the vicinity of joints. 

A second even more significant trend concerns the severity of 

joint related defects. For pavements of each roughness category, an 

increase in the length or magnitude of defects is generally associated 

with an increase in the relative contribution of the joints. Thus, 

for examp 1 e, an average of ha 1 f of a 11 1 / 4 inch and two-thirds of the 

3/8 inch deviations occur at the joints. Since these more severe 

deviations make a larger relative contribution to roughness index, it 

can in turn be expected that roughness in the Vicinity of joints 

detracts even more from riding quality than the simple proportion of 

total defects which they rerresent. 

\ 

\ 

;,; 
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Alternate sta tenients, conccrni ng the influence of joi frt ro~gh11ess 
• ·,· I , , '• • 

can be formulated. by considering the re htive 1 cngtll of pavement over i . . . . 

v1hich joint defects are .1di str'ibuted. · :As· previously defined, the· .total 
; • • j ' • ' •. - •• 

length of joint 1nfluende for :New J·ersey's 78 foot slab .is 13 feet.> . .. . ., . ; . : . 

Thus, ifthe smoothness ~--uali·ty in -the vicinity of the, joints and within 
\ . •, 

tl1e slab i tse 1 f were equal, only l6. 7 pe·rc-~nt of the measured defects. 

\·io~ld occur at tlie joints.. llowever,, sin'G:~ joints contribute an average . i 

·. of ab.out 40 percent of tbtal deviations, deviations of all magnitudes 
- . . . 

are more than t~lice as ~ommon-(i.e. 40/16. 7) irr the 13 feet surrounding. 

the .expansion jointas compareclto any ·equal length within the slab~ · 
. i 

· .. On this same basi-s, l/4 and 3/8 inch ;deviations occur 3 and 4 tin1es 

more frequently ·at the joint •. 

· Apa rt from their~ number and genera 1 ly grea tcr severity, surface 
. . ( .. . . . 

irreg1,1laritfos in the vi¢inity of joints can be expacted,to exert a 

further negative influende bn user-opinion because of the ~egularity 
• • I 

.· · of their occurence~ The ;Road Research laboratory 17, fo.r ~xample, i1as 

noted th~t rhythmfC r6ugHness of a relatively smal 1 amount (.1/lG to 1/4-' 
.... 

inch) is the most objecti:onable type :of roughness on high speed roads. ·· : .·.. . ·, ·. ··.. . . . ·. .. .. . . . ·,· 

-Hhi 1e roughness_ i'.ntroduced dur'ing the constructioh bf expansion I - . - - . . 
joints is of coursenot ~he on1y problem in providing rnore rideable 

. concrete pavements in thiis State, joint roughness does account for a . 
. . . . - ·.. . ._... ; -:·I . _-,.. . . . , ': .- - _. - ·_ - -.- . . . . ! 

· .significant portion of the roughness of the present data.sample and . . . . . . . . . . I· . . - . . . ··. . . 
thus provid~s possibly th~ singlelllostproml~ing area f~_r improvement.· 

' . 

· 17Kirkham R •. H •. 11 •. 11The Riding Quality of Coliorete Roads'\ Road · 
Research Technical Paper· 60 (1963) · · 
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':' 3_~-.~ , _,R0:YiJ.QMETER';~;/R@LlfN'G·'stRAI'Gl11toGE'. CORRELATION -· 

' . <#,"'/ ,-r,~difJ,~,,;}''', ': ·. . . .• . ' ' _.·· .. · ._.·. ' . . . · .... • .·. . ' . ' . I 

·: • • · 3.3~l Objectives ·and a Note on Statistics: The preceding· section of 

.. tlie •report indicated that.th~re fs·} deffofte trend f~r•··decreased . 

pavem~nt rideabil i ty. to be:asSociated with· an inc'reasing· number and 
. . .'• . . .· . . 

I 

severity.of -measured straightedge defects~ The: fol lowing comparisons•. 

of roughoineter'ar\d rolling straightedge data.for· individlJal test ; 

· -· ·· sections are pri~c;ipa-lly designed to better delineate these,trends 'and 

in particular, :to determine,what constitytes a.n 11 accep,t_able 11 level, of-

straightedge'devja:tions measured on a project.· 
. - ·'' • . -. ,.r . ·. 

Stati~tical ·:corr~lation or regression· tec:hniques: were used to 

formulatematheinatica1 -expressions. r~l'ating ·the·output oftt1e rolling 

.... straightedge and the roughometer •. In assessing the str~ngth of these' 

relationships, vaiious. statistical yardsticks have be~n employed~ , 'The 

following is a:. very brief description of the .ge:~~ra1,·and•partkular14 
.·. . . . . . . -· : .. __ , . 

sJat.isti.cal standards applied to· the present data: .. 
. . . . 

. Calculation "bf the linear correlation coeffki~nt (rJ and,comparison 

. to conventionally used standards· gives a ruali tative measure of the . 
degree of_ relationship between b-m variab es. The, standards; applied 

. herein are: . . . 

··correlation 
·coefficient 

LO' 
o~-9 
{)~8 

.,, -0. 7 
.- ,0. 6 . _. ·_. 

0~5 or less 

·, . . 

, Relatf~nship. 
Demonstrated 

· Perfect · 
Very Good 

. Good·· · 
'. Fair 
·Poor 
Very. Poor 

. I 

14ttughes, c. s. et al, . 11 Application of Some Statistical techniques to 
. . Experiments in Highway Engineering, 11 Virgitiia· Council of Hi.gliway 
--. · Investigat'iori' and Research (Rough _Draft; F~pruary 19'64) < ·, · · · · 

, I 

. : f··_:_ ., 
lt~ 

•k 

i ·- 1 
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In contrast to thecorrE!lation coefficient, the standard error of 
estimate (Syx) gives a quantitative measure of the degree of relationship 
between two variables. .In the present work, the standard error of · 
estimate is U$ed to 'provide a statement of the accuracy with which one 
variable (Roughness Index) can·be predicted from the other (the extent 
of straightedge defects). In this application, use is made ofthe fact 
that actual future values of. roughness index vlill be the predicted 
value (i.e. the value from the best-fit line) within a tolerance of+ Syx 
in about Gm~ of all cases and within ~-2 Syx in about 95% of all cases .. 

Significance tests are applied to the experimental data of this study 
essentially to answer the question, 11 00 I have enough data to say that 
the observed relationship between variables is not due·to chance? 11 For 
ex.ample, one might obtain .a ,correlation coefficient of 1.0 for 2 data 
points (perfect relationship), but not expect subsequent data to 
11 perfectly 11 fit the equation described by the tv.,o points. The relative . 
terms used in describing significance range from 11 high 11 to 11 insignificant 11 

for 15i to greater than 10% respective risks that a relationship may .be 
due to chance. · 

3.3.2 General Characteristics of Regression Plots: The plots relating , 

each of the straightedge parameters (number, length, and area of defects) 

possess several features in common. A discussion of the general 

characteristics of these regression plots, usjng as a particular case 

the easiest of the straightedge parameters to relate to.--the simple 

number of defects--is as 'follows: 

Overall ·shape of the curves: Each of the curves displays the 

characteristic shape shown for the roughll'ess index versus numb.er of 

defects curve of Figure 12. That is, for pavements of re-latively 

moderate roughness (up to about 15 inches/mile into the 11 Poor11 category), 

the best-fit curve· is a straight line. Thus, in the roughness range of 

primary interest, a simple 1 inear relationship exists between the 

output of the two devices. At high roughness levels, the curve departs· 
I 

·- si gni fi cantly from 1 i nearity. 



-w 
...J -
' en o: 

a IJl g 
J: Q. 

u z 
. -

X w 
0 z 
en o: 

-ci> <t w u. 
2 :c 
(!) 
::::> 
0 
0:: 
II 

0 
0 
0 
(!) 

J_ 

160 

150 

140 

I2Q 

110 

!z 80 
II.I 
...J 
...J 
II.I u 
X 

•• -
• 

FIGURE 12 
RELATIONSHIP BETWEEN ROUGHNESS INDEX 
AND NUMBER OF STRAIGHTEDGE DEVIATIONS 

(CONCRETE PAVEMENT) 

• '. ,' 

--- . ---/4 ---• • • • • 
• • 

• 

... ..... ' .. · FOR ALL SAMPLED VALUES OF N-
R:t:=87.2 + I.OZ N- ;004 N2 . 

• V • • .. . • • • 
• • 

• • FOR N.!'S- 60 
RI:=88.6 t 0.82 N 

r= .77 
Sy x = 10,3 in/mi.· 

11.1 70',.__ ____________________________________ _ 

T IO 20 30 40 . 50 60 70 80 90 100 110 . 120 
N• NUMBER OF DEVIATIONS (>!/811 IN 10 1

) PER QUARTER MILE 
• 



.. 

• 

This observed non-1 inearity for portions of the curve is at 

variance with a roughometer-rolli ng straightedge correlation observedc 

·in a Vfrgi ni a15 study of (bridge deck) concrete smoothness. In the 
' ' 

cited work, a direct re 1 a~i on ship was found to exist between the 

output of. the two devices !even .for very rough concrete surfaces { i .e. , · 
' ' ' 

up to 50 percent defective. and a Roughness Index of 300) . 
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While the purpose here is not to overemphasize the non-linear 

portion of the regression curve, it is worthwhile to discuss the possible 

reasons for the difference' in curve fit in the region where many defects 

are present. 

It is believed that the indicatednon-linear;tyarises from two 

sources: the operating characteristics of. the New Jersey roughometer 

in particular and from the .nature of the rolling straightedge in general. 
. . ' ' : 

That is, in the first place, there appears to be an upper limit on the 

roughness output of our ro"'ghometer. This is evidenced by the fact 

that in· the 11 before 11 · portion. of before/after roughometer surveys of 

deteriorated pavements scheduled to be resurfaced, the maximum.readings 
' 

.obtained have. been on the order of 225 inches per mile. This suggests 
I . 

that the New Jersey roughometer does riot proportionately reflect the 

roughness of an extremely rough surface. Secondly, when a great many 
' ' 

defects are indicated to exist on a pavement, some (possibly substantial) 

fraction of those defects are apparent or reflected deviations not measured 

by the rou9hometer. In such cases, the relationship to roughness index 

. l5Hilton, M. H. "Construction Techniques c1s Rel~ted to Bridge Deck 
Roughness," HRB Record 248, p. 38 (1968) 
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would be expectr;d to be different.than that prevailing 1-Jhen indicated 
I 

deviations are predominantly actual deviations. Both of these effects 

would likely cause the curve to level off ·in the region \Jhere a gross 

number .of defects are i ndi ca ted. 

Fit of the Data: The nature of the best-fit lines relating 

the number, length and area of straightedge deviations to roughness 

index and the scatter of data about these regression lines are each 

similarly influenced by tvJO factors peculiar to .the. present study: 

the use of two roughorneters and a 1 ong interval between testing of 

individual projects. 

The principal influence of the data obtained with the FH\JA 

prototype roughorne'ter--representi ng 5 of the 12 tested projects--i s 

to cause the best-fit line to indicate slightly f1i gher roughness 

indexes for the smoothest pavement class. That is, the FH~JA 

and New Jersey roughometers yielded compa rab 1 e readings on mod<:!ra te ly 

rough,to rough pavements, the FH1JA device read about 7 inches per mile 

higher than New Jersey I s at the smo,oth end of the rouohnP.ss soectrum . 
. ' ~, 

Thus, the regression lines indicated roughness index for pavements 

containing no defects (i.e., the Y-intercept of Figure 12) ~,,ould be 

reduced to 81 inches per mile ( FHUA "Excell ent 11 ) if the basis of the 

analysis were the Ne~v Jersey ro~ghbmeter readings al one. 

As might gener~lly be rixpected, the use of an extended data 

collection period is a contributing factor to the~ scatter about the 

subject regression lines. Figure 12 .and subsequent similar plots should 

thus be thought of as 11 genera,lized 11 relationships v1hich reflect long-term 

• 

. \ 
\ 

\ 
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I ' i - -- ' variation in both the roughometer and rolling straightedge. The 
' 

relationship betvJeen t~e output of these devices observed on any 
I 

single future project might be expected to shmv closer agreement. ' ' - i 
Certain individual projects in tlie present data set have, for example, 

' ,, 

shown correlation coefficients as .high as 0.9.9 (near-perfect) and a 

predicti.on tolerance. (Syx) as lov; as + 1.6 inches per mile. 
·~ ' ' ' ' - ' ' 

3.3.3 p.oughness Index Correlated to Number of Deviations: The 0.77 

correlation coefficient\ obtained for the curve of Figure 12 indicates 

that a "Fair 11 to "Good 11 . relationship at a "highll significance level 
I, 
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exists between the measured number of straightedge deviations and roughness 

index. 
I 

.The Y--intercept ';Of the best-fit line reveals that if a concrete 
' pavement \<Jere cons tructeid with no devi ati ans, we might expect it to be 

. I 
i 

rated as 11 Good 11 based on\ roughometer readings. The slope .of the line 
I 

(0.8) indicates that t\'Joi de;iations built into a concrete pavement 
i 
' 

translates ab.out an addi ~ional 1 -1/2 inches per mi 1 e of roughness. 

A. ne,;1 concrete pavement of the average roughness 1 evel measured. 
i 
i ' ' ' ·• ' 

in Nevi Jersey (fU = 122 inches/mile} might typically be expected to have 
I . -

' 

abo.ut 40 associated defetts exceeding our present spectfica tion surface 
i 

tolerance in any quarter\mfle. 
' ' \ 

The regression pl!jot further shows that it is possible to 
I 

. I , 

obtain pavements of acceptable riding quality containing some limited 

number of straightedge de,viations. For example, to achieve an average 

level of riding quality correspondingtoaborderline 11Fair/Good 11 FHUA 
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·--- ,,._ ·::·: '. _-- rattng (99- itJches/mile), as many ·as 15: deviation~ per qJ~·~j;~i-''ml1'if-, ~-
could be'·tol~rateq_. Uo\4ever, -i:1hili th~· most pr_obable roughnes~ · indJx 

. . (-•"• .·.~-. ,. '/ 

equiva 1 ent of 15;,deviations is 99 inches per mile~ roughness readings . 

as high as 119 inches/tnil~'(g:g:+ 2 Syxf .a~d· as-Toi.I/ as 79·;nct1es/mne 

-(99 "" 2 Syx)might occasionally be exp·ected on pavements .conlainfng 15 

defects per quarter mile. Thus; due to _the variabillty (Sy><) ln ·the·_ 

predictor equation., a specification provisiOn of some lesser allo;\;iab:le 

number of deviations Hould apparently h_ee_cl to, be applied to insure 
. . 

. . 

that "Good'~ riding quality is consistently achieved. 
. . ' . 

-.}.3.:4 Roughness Index CorreTated to ten9th of· Deviations: -. Figure 13 

· indicates that1 a ''Good1f relationship. general_ly P.xists bet\1een the roug/1- -. 

ometer readi ng;obtai n.ed on a section 'of concrete pavement and the 
. - : - . . ' . . 

percentage of the pavement length exceedin9:a surface tolerance of l/3 -

.inch.in 10 feet. . . . 
. . . . ' . ' 

Basec;I on· the indicated eqUivalency. beti>,eeri·Ne~J S~rsey roughort1eter 

- and. rolling. straightedge measu,r~111ents, the average. ne\·J conc~ete pa·v~m~nt 

in this state (RI·; 122 i·nches/mile) .. wou-ld be expected to have about 

110 fee( of· devi~tion- p~r-quarter •mil~ .. exceeding_ the:pre~Crit'specifitation 
. . . . . . . . 

smoothness tole.r~nce- fi .e~·,.)L5 percent defective): -In order· to ~~ch1eve 

the Fli\·/A1 s 'suggested minin1umlevel of :aC~eptability (a· F.air/Goocf rrlting), 

.• t,1e inaxiril:lm total length of defects per quarter nine w9uld have to be 

, .reduced by il.Qout t1-10-thirds to 40 feet {3 perce~t defe_c1:ivc}.' 
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3. 3. 5 · Roughness Index Correlated to Area of Devi;ations: Figure 14 

presents a plot of roughness index versus the total area of deviations 

per quarter mile. Since the area of deviations reflects their severity, 

it was thought that presenting the data in this fonn might offer a 
' . . ' 

' . 

better fit with roughometer data. However, this is not the case, with 

the correlation parameters being essentially the same as in the other 

methods of analysis (r = 0.8 = Good; Syx = 9.7 inches/mile>:. 

3.4 SLIP-FORM PAVING IN NEW JERSEY 

3.4.1 Current Methods of Construction and Quality Level Obtained: The 

use of the slip-form paving technique has been only a recent development 

in this state. To date, only three New Jersey expansion joint projects 

have been slip-fonned: 1-295, Section 2L and 3A; I-295, Section 4C and 

5A; and I-280, Section lB-SP. A paving train of the same manufacture 

(CMI) was used on each of these projects, and the latter two projects were 

built by the same Contractor. 

In applying the sl ip-fonn technique, field forces performed 

considerable experimentation with joint construction methods in order 

to determine the method most compatible with our relatively unique 

joint design. While various construction techniques were thus employed 

both within and between projects, a brief summarization of the principal 

construction modifications used on the three projects can be provided. 

On each project, it was necessary to cut off the outer six 

inches of the 3/4 inch expansion joint filler so as to avoid inter-

ference with the spreading and extruding equipment. These sections 

I 
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ucrre subsequently replaced .. to. complete the Joint after passage of the 

paver. To prevent localized edgeslump'-off,·a short section of 

form Vias placed against the edge of pave1:1ent at the time of the filler 

paper replacement. 

On the 1-295, 2l and 3A project, after removal of the joint 
i 

alignment pins and protection cap, a chamfer strip v,as nailed to tlle top 
' of the expansion paper to serve as a crack control device. The surface 

i 

i;as then given a preliminary hand finish, fol1014ed by final finishing 

with a ~echanized longitudinal tube float and burlap drag~ The joint 

sea 1 ant reservoir \'Jas subsequently formed by said ng. The same genera 1 

procedure 11as employed on the I--295, ~.c and SA project except t!lat the 

tube float v1as not used in the immediate vicinity of the joint. On the' 

I-280 project, except for a short section at the beginning of the project, 

joints \•Jere constructed using essentially the same metf1ods as in formed 

construction (i.e. hand floating and edging around a temporary filler 

strip). Like the 295, 4C and 5A project then, the concrete surrounding 

these joints did not receive benefit of the longitudinal float. 

Additionally, the final finish texture on the I-280 project was 

accomplished with a mechanical broom rather than a burlap drag. 

A summary of straightedge data obtained on these slip--form 

projects is presented in Table 4. As indicated, based on the extent 

of measured straightedge defects, the projects \:/ould be expected to merit 

only 11 Fair 11 or "Poor" riding quality ratings. ~·Jhile the I-295, 2L and 3A 

project had some sections 111hich displayed a lo~•/ number of defects, the 

data for the other tvm projects are quite uniform at the "Fair" or "Poor" 

level. The sar:iple of hand-finished joints constructed in the later 

.. 

j. 

.i, 
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TABLE 4:. SUMMARY ~F STRAIGHTEDGE DATA FROM NEW JE~EY SLIP-FO~ PROJECTS. 

-- - ~ 0 ---- - - ~-~-:-- ---r-.;;;29-s·;:.... - ---:- ---1~29·5·~ -- -- - -

GeneralMethod-of Formin Joints. 

Number of Sections Sam led 
( 

Number .of Deviations,• N 

.Range 

Average 

Percent Defective L~ngth~ -LD 

Range 

iL&-3A 4C&5A -. 

sawin 

4-50 

22 

8 

30-.69 

45 

· Sawin 

4 .. 

3s.:..42 
···. 

41 

: . . 

Avera e 5.5 9.5 9.0, 
Average Ricling Quality Rating ·. · 

of Straightedge Sample -·.-
Estimated from L ) . · - _ Fair* 

*Actual roughness index of sample: 116 = Fair 

Poor Poor 

/I-280, 1B-5P -
Hand 

{early work)·· 

4 

48-58 

51 

10 ..• 7...;ll.6 

11.L 

Very Poor. 

f . 

· Hand 
· -Uater work) 

31-39 

36 

6. 4-9 .3 

7.8 

Fair I 
.U"I w 

i 
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stages o,f the I-280 Hork shov: an improvement vii th resrJc::ct to both the 
I 

saved and hand-forr;1cd construction at th2 iJC:ginning of tlie project. 

The apparent Llene,ficial effect of the longitudinal tube 

float can be appreciated by considering t:-1e di-fferences in t!1e relative 

influence of joint roughness bet~:ecn projects. · Specifically, vihen the 

nieclianized longitudinal tu:.ic float vias used over the entire pavement 

surface, the relative smoothness quality of the pavement boti, at and 

Let1·wen joints v1as the sa.rnc (i.e. the 16.7 perc:::nt of the pavement 

represented by joints ·accounted for an average of lS percent of all 
_J 

defects); \1hcn the float not used at the joint, the surrounding 

concrete ,,:as more than about 2-1/2 times rougher (i .e:. joints accounted 

for an average of about 45% of all defects). i 

In aJdition to these generally disappointing riding quality 

results, other factors have caused the slip-form pavinc:1 technique to 

t,e less tl1an a success in this state. That is, on certain portions 

of the: I-29G, 4-C and 5/1 project, the lack of timely satting and/or 

replacement of the short sections of fi 11 er paper at the edges of the 

slab led to surface and corner spalling requiring repair with epoxies. 

In other, more isolated instances, edge slump-off lJet11een adjacent lanes 

led to an undesirable drainage situation. 

Further, apart from these quality considerations, no substantial 

cost savings have accrued to tl1e state from the use of slip-forming. 

On the t\10 projects on which a credit \'Jas given the State for 

permitting slip-form rather than conventional co~struction, tile 

credit amounted to only 1-1/2 to 2 percent of the unit price of the 

pavement. 
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3.4~2 .• Use of Contr-action Joint Des·; gn: New Jersey's: expansion joint desi:gn, 
•..• 1 

constructed bY: ce>nventio~al\ {formed} methods, has_ demonstrated a long.:.term .· 
·t . . .· . ·. 

ability to maintaftfstructural integrity when subjected;to our high prevailing 

· truck volumes. · However, in; order· to de.termi ne the des i rabf1 ity ·and· feas 1 bi 11 ty 
. ·: ' ·1. . . . .. · .· : . : . . . : ... ; .· ' 

of New Jersey's c_onverting ~o. a design_system offering a potential for both 

improved smoothness and. gre~te:r, compatibility with slip-forming, the Department - ... -: l . ·. . .. ;; ·. . . . 
.. , . I • ·. • • • . ' . . 

1 n · 1973 ~ndertook, the· constfuction · of ·an experimental ccintr:-actf.c,r1 Joint pavement .. 
I • ' • 

. . ' . . . . ·. 

; This projeCt was constructe~ on. 4-l/2 rrtiies Of Route rlao {S~,ctfon lP). The . . ,, . . . . . . . . . . 

Contra·ctor on this work. was \he buil cte; of 'the, previ 01.1s, l-295, 4C ·and :5A and . .. '.. . · . .i 

1..-2ao sl ip-forrn projects~ - · 1 

;, : _: ··.· i _'.-_ . . . ~- .. . ; . . -: ·. .. -. -_; .'. - ·. , . . '. ' ' ~- . . . . . •' . ' . ' _. . . 
/The essential··features of the:experimental .pavement are thepredom;nant· 

'.·. < . .' ' . ·:.-·' : .. ~.. . : _· ·. ·.1 . . :_ :· ·. .. . . ' . . . . ·: : . ' : . 

use of unre;nforced slabs, a.i 15 foot spacing of contr~ction joints conta;ning 

essentially the present:load\ transfer device, and unsealedsawed joints (1/8 to 

3/1611 wide). Cc>'nventional bridge apprC>ach and transition slabS conttnued in use. 

' · .. -Evaluations of· the constructioh work and pavement t'idfng quality were.• . - . . . ( . . . . . ' . ' . . 

conducted ;under a separate study -for ~hich a formal report is now in· prepar-. · .. . . . . . . ' . . . . . . - . . . . 

ation*. The average level of,' smoothne$S achfaved on the project ~ould merit 
·. , • · .. · ' .. .• . ·.; .I . ,·.. . . .. . . . . •. , .. . . . , . . . . , 

a mi d~range _ "FaJ r" Ff-MA rati~g While thfs result represents an improvement 

over the contraCtor:1 S previouis slip-form efforts ,>the improvement fs far less . 
. . - . ·, .. · . ,· . . ·! . . . .. . 

than was expected~ .. The ~ey factp~s i nfluem:i ng the .:observed roughness ·were the .. •, . . ; . . . -. . . . . . : 

unconfined nature. of the pave~ent edge, night joints9' and_~atching techniques 

used in plac~ng adjacent lanes. 

·.·.. . . Since the performalice.?f the experimental design remains to .be:determined, 

. and in view. of Certairl'. new an~ substanti;al. construction difficult;es posed33 , 
:. . ' ' .. , .. · : I ' . . .· ··... ' 

·· further applications: of the C()ntracti.on joint design will not be undertaken in . . . . . ·.• .. .:. . . . . 

the near.future~ 

· *interim reports is:sued: · , . 
. 33santoro, R~. R; "Prelim'inary Comments on Construction of the I-80 Experimental 

··· . ·· Cont.raction Joint Pavement" :N.J. Dept. of Transportation Research Report (1973) _ 
34croteau, J. R. ''Initial Rideability Results for the I-80 Experimental 

Contraction Joint Pavement" N.J.Dept. of Transp~rtation.Research .Report (1973) 
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·. PART iv: . srruM1Nous. PAVEMENT R1.01NG QuAurv REsutrs: ';;,, 

4. l ROUGHOMETtR':DATA. ·. ' I .. ·: ''.. . . . . .. . . ' 

·. ·. 4. l.l ·:.Averag~ Project' Roughrie~s:'·: '.'Table _5 pr~senfs,:.a>summary .of royg~ometer -
,• . - . . . . . . -~ . . .. 

measq.rements· m~de; ·on the• svrf ace ·course of the 16: new bituminous pavfng- .. 

:.·. ~rojects surveyed' duting this study ... T~e!~b~lai~d :roughness- info~~tion .· .-· 

.. repres_etits .nearl/270 ·miles of rough.~meter. data'- ·.(l ;070 quarter~ile. . ·•:. ', . . . . ' . ,,. -. ·, . 

sec:tions). . 

.. C The. ~verage, Roughness· 1ndex of ethe sampled bi,tumi~ous projects ·-.' . .. . ,. ·, -- . ·- '' . : ., ... _;. . ' 

... -. · .. · .... range, from 70 to-· u 7.-:1n.ches:.·.P~r :mf1e· ~ncf av¢rag_e_,?~i,inch~~-pe~ mtle· . 
. < Aceordin,g to ;,the,FHWA_ cri.teria, the Jverage ·. level'.Of- rtding qual-ity 

. . . . : . -· ' . ., . . . . 

provtdect.- on: on~ .of the :projects WotiJ d, be a borderi inel'ExceJlent'1 , 

_ four would- m~rJt "Good'\ ·t ive ilfa,i r''*; and· six: wou1 d be rated "Poor II~ •. . .. . . -· --· . . ·. . - . . . . . ' . - . . . . -· .. . . : 

• . ··1,; 

The; average of _the project means corresponds_ to a- ,'_'.Pair" FH~A, rating . 
. ·_. :::- ·,_··.-

,ln. contrast to the· previously describe~ ,res tilts f~; concrete . 
. ·, -· . , . . . . . 

.. pavements, not only- do_ the sampled bittiminou~ projects generally 
. . ... . -· .. , .. ' . . ,··· - ' . 

. · G.· 

e>Chib-it a lowefR01,1ghness lnde.x. (a~erage:--.: 25%), th~re jS,,a'•trend for 
• . ' ', ·. . . . - . . . : . . I . . . .... : . \ . . . . ·. 

our more recent• projects an$'.! those constru¢ted. wlth more': modetn ,_ · 

.. -.- iequipment Ci .e. automatic ~paver;controls) to be' the ,-smoothes-t.<. -
. .. 
·'··>·.-,·:,;· 

·- *lf._a yearly roughness increase as low as 3 i.nches p·er·-~il~ can ·be 
assumed for New Jersey: cond·itiQns; the riding quali,ty rating: of the 

· . bi tuminou_s p9r~ion of the I ~78 ,' 3-G project fould be extrapolated to 
"Good'' on an as~constructed basis. (In the prevfou,sly cited Alabama 
studyl 2,, an average yearly increase of 4 inches·per'rriJle _is <reported 

, fo·r. bi tijrnfnous. paviements.] ·.·... -. . . - . . . . -. - - - . 
·. . ' . t.. . 

i 



TABLE 5: Summary of Roughometer-Data for Bituminous l'f;lving Projects · 

Project . .Date Date 

. Route and Section . 
t)pened. Surveyed. . t2 - tt 

t1 t:z .(Months . 

-'- 8/72 0 
. 

2 N.J. 55 <FwvL 6F· & 7E 10/72' 8/72 •,' 0 

· J ;r ... 19 5 , · 3B & 4A 7/72 8/:72 1 

4 I-195,. 4B 7/12 
•, 

7 /72 () 
--- ;:___ - ~---·.- ~-----•-· ... ... - -•. -·-·· - - ---

7/72-· 11/70 . 0 

7/71 7/70 0 " 

4/71 3/71 0 
" .. 

8 I--78, 4J . i2/70 
•, 

5/70 '• 0 

9 N,J. 55 (Fwy)~- .SB-7:p 10/69 5/69 0 

7/69 .· 12/68 0 

l 11 · h80, ,3K 7/69 10/68 0 

12. I-295, ~1s 12/68 3/69 3 

. 13.· ;'i,J. 35 (Fwy). ·1A & 2A 11/68 
"• 

12/68 ·1 

14 N,J~ 72, 6A & 7A ll/68 12/6_8 l 

15 _I-78, 3G 7/66 5/.68 22 

. 16 1 ... 7s, 4K 7/66 10/68 27 

aincluding c6ncrete pbrtion of project 
*denotes projects on which automatic paver controls . 

,;rere employed at least to some extent 

... 

Length Roµ:ghness Index 

of .,,· Length 
Preiject Surveyed Range Average 

.. 

9:.78m1 • 3. o mi . 68:"'120 . 89 
. . 

" " 

5.3 l.15 .. 68"""92 78 

5.0 4~0 '64-:120 82 

4~0 3.0 70.2.120 : 88 

3~7 2.s 96~140. 112 
.. 

5.6 1.5 67~102 83 

2.0 1~'5' 80~144 113 

4~.5- 1,0· 86-:-132 110· 

8.i 2.0 53_;107 76 

2~ i} 1.,0 93_:123 104-

5~6 •. 2. O so.:.149 -117 • 

6.1 2.0 57-86 70 

4.0 2.0 80-124 •.. 100 

5 .• 2 2.0 85-120 9!V 

5.4a 1.25 76-122 89 

2.7 2.0 84-i47 112 

Averages 46 95 

(incties/ mile) . 

Initial '-

FHWA Rating· .. ·.PSt 

f'airi,· 3.28 
. ·. 

Good~~-· 3~51 ··· 
. 

Good* .. 3.42 
·. Fair* 3.31) 

-Poor 2.87 
'· Fair. to. 

Good .... .: 3.40 

l'oor>'' 

Po.or. 2.90 
•, 

Goodi~ 3.56 

Poor 3.00 

Peior 2.079 
·.cood .. to ·tc 
J:::xce-llent 3.71 

E'ait 3.07 

Fair 3.09 

Fair 3.28 
I 

u, 

" Poor 2.87 I 

Fair 2.97 
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4.-1.2, )~oughness/of_ Individu~l. Test Sections·: As irf the ~~Se of the 
·. -..•. :-·: . 

s~mpled concret~ pavements, Table 5 indicates that considerable variation .. . ,' . ' . . 

.·. generally exis'ts_ between the .highest and lowest .roughometer re:~ding .-. '•. ' . . . ' ... ' ·,.., " ' . ; . . ·.; . 

wfthio' a·particular bituminous project.· ·on both .. pavemenf typ~~,·•.th'e 
. , ,' . ·•.- . ·.· ·. . . .. . ·: ', . - ·. '.. '.'· .. 

mean rang~ ~f rQqghness amounts to about ha1f the· average 1 eve·l of 
. . . ·•, . ., .. ·. ·,\ .. ·. ' .· . 

roughness~·· . tinfi ke, th'e- '.ro-ughne~s 's1t:'uatfo~ p~eVcaling_ on Ne!W 'Jer~ey. 
. . '· ..... , . . . "' .. . 

. c~,'ncrete pavements', however,·· certairtof the .. samp.led bituminous ' 

pavementsa.-:notably,, the,,J-2~5,1$ an4:N.J. 55, -,~F and,)E projE!ct~---do .. , 

show a low· .-ange of roughness as wel 1 as .·a 1 ow average,· thus 
. : . ,.. . ~. . : 

indicating :consistent_achievemenf o'f a quality prt>duct-. 

The ~1~:in9 ·quality· distributl6ff o.f· the"'i~~hddu~l _bituniinous 
pavement test: measurements· is' shown :in Figure 15_. ·. The 1:Poorll riding· 

. , .. 

q~al ity ca~egory has again b-e.en ar~itr.arily divid.ed into what might 

be considered i•Rou1ghll. and "Very Rough" stib-c~tegdrtes .• ·.• 
. .··., ., I . • • •· •· • . , ·. ,· , 

. A's i ridka ted ,· two.::.thi rds of the roughometer measUrements made, 

on the.bitumino~s paV~ents-samp1es··over thepast·'·five.yearS'wou.ld··merit · 
. . ,. . . . ,. . .·• . . . . . 

a· ''Fairll.or bet;ter FHWA Hdtng _ qval ity rating. AboutJ5 percent/:6f · 

the sample has -~•- roughness ,index fall ir,g in the IIVery Pough". ~ategory_ 

(Le.,· is more: than to percent above the ,HFair/P'oorn cutoff) •. Nearly 

all (92%) of the roughome~e~ mea~uremen~s- made on bituminous. pavement 

are less than_the average·of the:mea~urements_made on co~~rete. - However~ 

.· as previously noted~ a different (mo:re severe} equi\tal ency between • 

. ,\.. 

• I 
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. . . . , • . . . I 
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measured roughness and rideability rating is used for bituminous 

pavements under the FHWA rating system. When this factor is 

considered, essentially the only difference between the test 

measurements on our bituminous and c,oncrete pavements is that about 

12 percent more of the bituminous pavement measurements fall in the 

"Good or Excellent" rather than the "Fair or Poor" categories (cf. Table 

6 fo 11 owing) . 

4.1.3 Inter- and Intra-State Riding Quality Comparisions: 

Inter-State: ln Table 6, a summary of New Jersey roughometer 

data .for both rigid and flexible pavements is shown compared to the 

results of the 580 mile, 17 state roughometer sample used to develop 

the FHWA rating criteria •. 

The five-year sample of measurements on New Jersey concrete 
I 

and bituminous pavements each show an inordinate percentage of "Poor" 

riding quality sections compared to the FHWA's multi-state saanple: about 

40 percent" compared to 3 percent "Poor". 

Intra-State: When faced with the particularly disappointing 

riding quality ratings in the earliest stages of th~s work, the writer 

undertook to determine the extent to which roughometer readings agreed 

with a judgment of very good riding quality for bituminous portions of 

the Garden State Parkway. Thru the courtesy of the involved agencies, 
\ . 

this sampling was expanded at the time of testing (mid-1969) to include 
I 
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Q 

. :.. . .·. I. . . . .. . . . 

TABLE 6: COMPARISON O]f N~ JERSEY AND FHWA RELATIVE ROUGHNESS RESULTS 

New Jersey Concrete - New Jersey Bituminous 

FHWA 
Riding Quality 

Rating 

Outstanding 

Excellent 

Good 

-Fair 

Poor 

Pe.rcent of. 
FHWA Survey 
in Category a 

7 

15 

4 5 

21-·· 

. . . . 

:Number of 
Projects 
I 

1 

6 

l 

-_ abi tuminous and concrete pavements combined 

Percent of 
All.Test 

Measurements --

0~8-· 

·14.o 

40.9 • 

44.3 

Number of 
Projects 

l 

5 

4 

6 

· · ,Percent of 
All Test 

Measurements 

0.3 

3.4 

23. 5 

.37.0 

··. 35. 7 

- btwo concrete and one l;>i tuminous project extrapolated to as.-coristr\icted state 

l"'avement 
Tested 

Parkway 

·, 

' 
Expr:essivay 

TutnpH;e 

- TA()LL ·7: COMP~TIVE BITUMINOUS PAVEMENT ROUGHNESS 
DATA f()R NEW JERSEY TOLL.ROADS -

) . : 

•· 

Tested Length Roughness Index 
.Test -Ag,e. At and 

Location Time (No. of Sections) Range. Average 

·• 
H:i.lepost. 2 miles 

70·-.72 15 yrs (32) 53..:..ag 71 . 

'f-lilepe>s :t- •- 2 miles .,, 

. 29-31 .j yrs (6~) 46.,...93 
" 
65 

"'" 

Milepost : 2-. 75 ntiles 
14"-17 . ,- yrs - (88) 53-105 75 ·J 

' i 
; 

Contract Not 1 mile 
Wll04 

-· (16) 83-139 _ 110 Open : 

Rating 

Good to 
---.. Excellent 

Excellent 

Good 

) 

Poor 
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I 

bit1J11inous pavement on the other toll roads in this state: The New 

Jersey Turnpike,and Atlantic City Expressway. The results of this 

tol 1 road testing are presented here .simply since most New Jersey · 

readers will be fam.il iarWith the roads in question and. thus may be 

· able to refate to the roughness data. 

As shown in Table), the riding qualities of the tested portions 

of the Expressway and ParkwaY -- in service for 5 and 15 years 

respectively -- were rated as "Goodll to IIExcel 1 ent". The readings 
. ' ' . 

for these roads are thus on the same order as the best of the new 

construction studied in this work. A "Poor" rating was indicated for 
. I . 

the smaller sample of new construction on the Turnpike. 

' ' 1 ' ' ',,, ' 

4.1.4 Present Serviceability Equivalents of Rotighometer Data: The 

present serviceability index equivalents for the bituminous projects 

listed in T.able 5 range from 2.85 to 3.71 and average 2.97 (0.5 units 

above the recon111ended .te.rminaJ index). Five of the 16 projects have 

an initial serviceability index above the suggested minimum acceptable 

value of 3.4. In c<>mparison to the sampled concrete, the bituminous 
.. ' . .. , · .. 

projects thus. show a higher fraction of acceptable individual projects 

but a· loweroverall serviceabi.1 ity level (2 .97 versus 3.46 average 

. project PSI). · 

If a substantial fraction of initial surviceabilfty indices 

should ,be at least one, PSI unit above the terminal value (2~5) in order 
' .: ' 

to obtain a meaningful index of performance, then the serviceability 

• 
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. . 

concept would appear eveh less applicable to our bituminous pavements 
I 

' ' 

than our concrete: As s~own in Figure 16, less than 20 percent of.· 

the bitllllinous serviceabp ity indices are 3.5 or above, compared to 
-

about 50 percent for concrete. 
. ' . -

While the potential for future application of the serviceability 

concept is enhanced by the improved riding quality obtained in our more 

recent work, a more fundamental factor in the question of applicability 
', 

woul'd appear to be the va:1 idity of the PSI equation itself.· There are 

indications· that, due to i
1
the weight given to the roughness factor in 
' the Guidelines PSI equation, the above described results for bituminous 
' . 

pavement may be overly pessimistic. Th~t is, given the pa.st history 

of readings from our particular roughometer, the values at the upper 

end of the PSI seal e appear unattainable· evenfor pavements whose 
. . 

riding quality compares favorably to the besf new construction obtained 

_in other states. For example, the single lowest value obtained on a 
. ' ' 

state project (52 inches/mile = "Outstanding") is equivalent to a PSI · 

of on~y 4.23. Similarly, certain pavements rec;ei-ving an "Excellent" 

FHWA rating correspond to. a PSI of less than 4 .. O according to the 

Guidelines equation fe.g. 66 inches/mile = 3.8). The working range 
' . . 

of PSI values in this state would thus appear \to be only about 1. 5 

units (i.e. from 2.5 to about 4.0). Significantly,this is in spite 

of the fact that s~veral entire. projects, and many individual 

roughometer sections tested, have been built to the closest. surface 

tolerance which our present and projected future specifications requ,re 
. . : . . . 

(i.e. essentially or compl~tely free of 1/8 inch straightedge deviations}. 
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It is important to. note that New York -- one o.f the states whose 

roughometer.<was used in ~eveloping the Guidelines equation -- has since 

developed a modifiedequation16 to more accurately reflect their -

particular pavenent conditions and roughness equirment The coefficients 

in the modified New York equation yield a· higher serviceability equivalent 

than the Guidelines equation for a given Roughness In,~ex and assign __ 
I 

substantially greater .weight to rutting. 

From the preceding, ft appears reasonable that -- should design 
·. . : ! ' .. 

i 
engineers in _the future wish to compare the relative adequacy of 

bituminous pavement designs by means of the serviceability concept --
- - -_- - I - - - - - - - - -~ -

' 

the serviceability equati:ion o.r its application would have ·to be 

modified for use in this State·. In this connection, work has 
. i ··, 

- recently been initiated tb develop a modified format for 
' - i ' 

serviceability infonnation that will_ enable New Jersey Maintenance 

forces to. better judge prforitfos in extensive resurfacing programs. 

4. 2 ROLLING STRAIGHTEOOE DATA 

4.2. l Nature and Size of the Sample: A total of 129 quarter-mile, 
- ' i • • • 

I -. • .' ·.• 

sections of bituminous 1:op course having a known roughness index have 

b~en surveyed with the rolling straightedge, the tested sections being 

selected from 12 of the 16 projects Pf sted in Table 5. An additional 

16vyce, J.A. ''Development of a Flexible Pavement Performance Equation", 
New York Department of Transportation Research Report 68-4 (1968) -
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_ .......... -. ··- .. 

• I .• 

,', sampl of 65 .st!Ctfons was:obtained fr<>nt_three recenUy -~onstructed 

.· pn,ject$ noft~sted ~ith··~t,e·· roughometer. -·rhe .entire)ituminous.·• 

( surface course)i'.sawri'p1-e obtained in· this work thus amounts to nearly 
, ·i .. ·., ,. , ". , ., 1 . 

..... so mi-le·s •. of ·::d~t~ >(l9f. secfio•ns) • ·• · .. .-. ' .·.··. 

The' .n~bet· :Of defects: observed in t~e total bituminous pavein~nt 
·.•·•·-·· sample;aoge.fr:~···none' 'to .. 4'9 cind.·average 6 perf:qaarter'mile (Fjgore 17A). 

. . . . 

-As,~hown~ nearly 40.percent of the tested>sections conta,1ned two or 
few~r defetts.~ :the'.~alculated • ~ercent defective 1 ength ranges from ·. . . ,. •' . . . . . ' . ... . . 

zero to 8·.5 . p~r~ent and averages l .4 p,_rcent of the tested 1 engt~ · . 

-{FigureJ7B);•YThis a\ierage·percent def~ctive :corresponds to about 18 .. 
. . .. __ ·,··. ·-;···. ·. ·.· ·:o. ·:·. '. . . .. , • ·, ,: ·. 

feet of deviation exceeding 1/B ·:inch 1n 1 O feet 'per quarter mite.~ 

While 'a difference in. tile· surface 'cha,racteri;stics' of rigid 

. and flexible pavements':mig.ht be e~pected fntuitiv-ely .;as well from . 

-the: Previously r1oted (25 perce~t) 1 ower average roughometer re~dings for 
:.. . . •" ! . . . . i 

bituminous pavement,· the descri~ed straightedge data indicate~ that a·• 

· marked .. contra~t .exist~ with respect'to-the measured surface. irregularities. 
. . . ' - . 

on the two pavement types·. -For e>eampl~, t~e· c:oncrete st~aightedge 

data on the average displays about. 5~1/2ti~es 1110re defects and defective 
' • ;,, . . ·-_11, . •• '_. ' . . . 

)ength than the bituminous pavement sample (Le., 35 versus 6 defects 

and 100 ver-sus l8 total·.feet of defect per quarter mile). 

·i 
, ~-_: .'i 

i;> 
:..a 



FIGURE 17 
FREQUENCY DISTRIBUTION OF ROLLING STRAIGHTEDGE DATA 

. (BITUMINOUS PAVEMENT) 
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4.2.2 Patterns 'of Defects. Common to Pavements of Various Riding: Quality 

Levels: 

The average patterns of straightedge defects corresponding to 
. .. .· 

particular roughness ratings for concrete pavement have previously 
. . 

been shown in Figure 9. The 12 project sample of straightedge data for 

bituminous projects is shown in a similar fonnat in Figure 18. 

The most striking differe~ce between the general patterns of 

defects on· the two pavement types is the significantly grea;ter reduction .· · 

. in riding quality accompanying 1/8 inch or greater straightedge defects 

on flexible pavements. - To ~chieve a "Good0 flexible pavement riding . . 
quality, for example, substantial if not complete compli_ance with a' 

zero straightedge defect provision is generally required. At the other 

extreme, a bi'tuminous pavement containing the same total number of defects 
. . 

as the average "Good" concrete pavement (t4 per quarter mile) can be 

expected to receive a "Poor" rating. 

The span length distribution of bituminous· straightedge defects 
. ' . . . 

(not shown) is essentially the same as on·concrete. That is, about 90 

percent of all 1 /8 inch_ deviations are 3 feet qrJ ess, with two-foot 

defects predominating. Also, when deviations of l/4 inch or greater 

magnitude occur, they are commonly 3 to6 feet in length. 

The generally more severe relatipnship between·ttie extent of 

straightedge_defects and riding quality rating for bituminous pavement 

relative to concrete is believed to result from. two sources. First, 

I 



since a bituminous pavement generally must display a lower Roughness 

Index than a concrete pavement for the same FHWA rating to be app1 i ed,ii 
c: 
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a more critical rating also is expected if the roughness 1eve1 is expressed 

in terms of straightedge rather than roughometer data. The second 

influencing factor rel ates to differences "iri the abso1 ute profi1 e 

between formed and urrfomed construction. That ·is, as previously noted, 

there is evidence that surface defects not measured by the straightedge 

(i.e., mu1 ti pl e short deviations reflected as straightedge "chatter 11 ) 

are sometimes prevalent on and detract from the d de of bituminous 

pavement, thereby increasing the roughometer reading for a particular 

measured 1 eve1 of straightedge defects. Additiona11y, long wave 1 ength 

defects unique to or more prevalent on non-formed construction might 

possibly exert a similar influence. 

To the reader charged with responsibil Hy for achieving good 

riding bituminous pavements in practice, an important ramification of 

the described severe influence of measureable surface defects should be 

apparent. Our data strongly suggests that even an occasional lapse 

in the app1 ication of proper construction practices can be expected to 

assume critical proportions with respect to the pavements I resultant 

level of rideabi1ity. 

4. 3 ROUGHOMETER - ROLLING STRA IGHlEOOE CORREL.8.'(;Ulli_ 

4.3.l ·Roughness Index Correlated to Number of Deviation$: Figure 19 

presents a p1ot of Roughness I versus the m.1mber of bituminous 

pavement stra ·ightedge defec·:s per quarter mile. 
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As in the case of concrete pavement, the best-fit line departs 

from lineari.ty ;n the "Poor" to' "Very. Poor" riding quality zone. Again, 

howeyer, in the straightedge data range of interest, the relationship. 
. , . 

· is 1 inear. The 0.83 correlation coefficient obtained for this 

regression 1 ine indkates that:\a "Good" relationship at a 11 High 11 

. . . . 

significance le~'el exists between the two measures of roughness. 

The Y-intercept of the best-fit line shows that a bituminous 
. . a . . . . 

pavement containing no straightedge defects in excess of 1/8 inch will 

generally merit a "Good to Excellent" FHWA riding quality rating. The 

slope of the line {3.9) indicates that each deviation built into a 

bituminous pavement wll 1 increase the roughness index by about four 

inches per mile~ In comparison to concrete,. the incremental roughness 

index contribution of a single straightedge de.feet is nearly five 

times greater on bituminous pavement. 

According to Figure 19, in order to achieve an average level of 

riding quality equal to the FHWA 1 s .suggested minimum level of 

acceptability(a "Fair/Good" rating), the number of defects per quarter 
' .• . . . .. 

mile would have to be held to three or 1 ess. As the number of defects 

increases above nine (a borderline "Fair/Poor"), roughness index increases 
' . 

until--at about _13 defects-:..there is 1 ess than a 3% chance (based on 

Syx = 10.5 inches· per mile)_ that anything other than 11 Poor" or "Very 

Poor" riding quality will be obtained. 

4.3.2 Roughnesslndex Corrulated to Length of Deviations: Figure 20 

indicates that a good relati"nship a·1 so exists between New Jersey · 

... 



• 

roughometer readings for bituminous pavement and straightedge data 

expressed in tenns of the percent defective 1 ength parameter. 
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Based on the subject relationship, a 50 percent reduction in the 

. percentage of pavement· 1 ength exceeding a surface. tolerance of 1/8 inch 

in 10 feet is required if the average new bituminous pavement in this 

State is to consistently merit a 11 Fair 11 or better riding qual fty rating 

(i.e. from an average of l. 5 to .75 percent defective). 

In comparing the m,nber and defective 1 ength parameters with 

regard to their relative '!lerits for use in control ling roughness during 

construction, it appears that the defective length parameter would be 

1 ess restrictive and more practical. That is, implicit in the previous 

discussion of the equival ency between the number of defects and 

rideabil ity is the fact that these defects are of some typical 

magnitude and length in New Jersey. Figure 20 suggests 'that if the 
I • 

defects incdrporated during construction are short, some greater than 

average number could be tolerated providing their total length is held 

to about 10:.feet. Conversely, of course, a pavement containing an 

"acceptabl e 11 11L1111.ber of defects would not be expected to receive an 

11acceptable 11 riding quality rating if the defects were atypically long. 

4.3.3 Roughness Jndex Correlated.to Area of Deviations: While a good 

relationship exists betwee~ the total area of straightedge deviations 

and roughness index {Figure 21), the greater calculation effort required 
i . 

for this parameter -- coupl1ed with the fact that it is not a statistic I . . . . 
I 

which one can easily relate to -- indicate that defective area would be 
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FIGURE· 21 
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. I 

• • . ., ... • . . • .. ·J, . 

less useful th,an the number;;or length parameters in a field application.· 

For research purposes, howeve.r, defectJve ~re~ ls a u~efui paramete~ fo 
that it provid~~, a measure of the dffference ;in straightedge defect 

severity_ ln·a.si:ngle stati'stfc. · 
... · .. -.- '. .·, ,, . . . 

. 4. 3.4 Es ti.melted: Riding Quality ·Rating· of Recently. Constructed Projects: 

Based· o~ _the d~scri b~d . correlations betw~en New Je·rsey · roughometer 

an~ strai_ghiedge•measurements,an· estimate can be made ot" th~ riding .. 
.'.,,.,,-.... ·:' 

· qua.1 ities of th:ree. r~c·ent p~jects ·whose. roughness was ,s~inpl ed only. ·· 

. · with the roli'fog: straightedge: Rou·t~ I-80,, S~ction JL; ·New 'Jersey 55, ··.· 

Section 1F ancf'.'8A; and J_ ... z87*, Section 7D-9G~ . 

The estimated rideability ratings fo~these projects, -shown in· 

T~bl e 8 ,· repre~ent a continu·ation of the previ:ously noted trend for 

New Jer$ey 1 s more re~ent: bft~inous construction to be of a higher 
' .. ,·. . .·• 

level of acceptability. " 

·. It i s:: interesting to note that the'· diff~rences in ratings o( 
.· the three project~ ar~ not, i;h~ result of some difference'. in therbe~t . 

: ,,·' .-,,,._ .··_• .. -•.· ·:·.·_.·. ,-.~-· 

· quality leve1 achieved ( Le~ each pro,ject contains Some excel lent work), . . . :. ' . . ' .· . . - . . . 

. but ra'ther are aJ)'parently a'function: of the uni.fbrmity or control of' . ' . . , . ; :. ' . : ' _. . . . . .. . . .· . . . . .. 

th~. qual ity:level.; /This ;_is exE!mpl ified by the. fact that the Route 55 

. *The· pavement section and metho~ of :construction on this project ~~re . 
different than usual i~ t~at': thick-lift base construction was employed 
(2, 4-inch, lifts} ·and the standard (1-1/2") lift. ofbinder was · · , · 

· eliminated between the base and top. · . . . . . 
\ . 
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Table 8: 

Estima.ted Ri-din:g Quality Rating of Three Recently 
Constructed Projects not Tested with the Roughometer 

PROJECT 

Route I-80 N.J. 55(Fwy) 
', Section lL Sect. 7F&8A 

--

', 

Length of Project 7.5 mi 
' 

2.3 mi 
I 

Date Opened to Traffic 1/73 6/73 

' 

Number of Sections Sampled 33 8 

Number of Deviations, N 

Range 0-18* o..;2 

Average 5.4 0.5 
_-

Percent Defective Length, LrJ· _ 
Range 0-3.18* 0-.38 

Average I J..14% 0.1% 

Estimated 
Average Riding Quality Rating Fair to Good to 

of Straightedge Sample Good Excellent 

*One very rough section (N=37, Ln = 8.71%) eliminated 
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Route I-287 
Sect. 7D-9G 

5,4 mi 

2/73 

24 

0-15 
2.5 

0-1.67 
0.36% 

Good 
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sample contains none of the marginally acceptable sections observed on 

I-287, while the tested portions of the I-287 project have none of the 

very poor sections of the I-80 work. 

4.4 COMPARISON OF NEW JERSEY STPAIGHTEDGE DATA TO RESULTS IN OTHER STATES: 

The majority of states have the same specification smoothness 

requirement as New Jersey: No straightedge defect exceedinq 1/8 inch 

in 10 feet. 

In the case of concrete pavement, comparative straightedge data 

is not available' to specifically detennine the extent to which 

construction in other states actually confonns to this zero defect 

provision. However, as a result of an ongoing FHWA Demonstration 

Project*, that agency has accumulated a large sampling of rolling 

straightedge data on new bituminous concrete in numerous states. This 

data sample -- presented in tenns of the defective length parameter --

thus provides an alternate basis for judging relative roughness results 

in our state. 

Based on 1nfonnation provided by the FHWA, the histogram of 

defective length shown in Figure 22 represents at least 92 miles of 

straightedge data from 16 states. As shown. more than half of the 

pavements in this multi-state sample were completely free of measured 

*FHWA Reg ion 15 Demonstration Project 2: "Improved Qua1 ity Assurance 
of Bituminous Concrete" 
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defec;ts .. and .n~~ Ty ab)f ifiliJ~fa (gi}ercilfltf ·dfs\?i ii~lid · .one ;~i"cen~ · 
.•• :,-' --•·1 ., : . ',,. 

defective orJe~s. ·-.I~ the.Hve ... yearNew-Jersey data sample (Fi~4ry 17B), 

. 90th percentile corresponds to 3 percent defective. 
• : • J ' , • • ' • •• . . . . . . 4, 

- Based on' the strafght~dge-rou:ghometer ~~rrelatior{ :observed ih . " 

'the :present work~ mo"re_ than h~lf of the pavements surveyed. by tr,e_:JHWJ\:' 

would be. expecte~ to ,receive;' IIGo_od to Excel lentll ratings' if tes·ted: 

wi th-_.the _ New. Je~sey_rougho~~t~r. - _Sfgnif.ica-ntly ,-- .apout :as percent :of-'_ -
. . . - ... ·- . , ' -· ·' . ' 

-these-bituminous:paveme~t-s would be ~xpected to meet the ctiteriifor ,· 

"acceptablell in:itta1··· serviceability·(; .e., above .the. 11 Fair/Good11 . 

demarcation wnic:h corresponds to a~out 0.75 percenr~efective ·1e_ngtb)·. -
. - . . . 

The preceding-- straight~dge data ts th~s ·1n agree~ent with ·the --
- · .. · .. ·• . ' .... " ··. ·' .· ' .· . ·. ·.· .. · :, . 

previous roughome·ter -'based indication that the New Jersey' pave111ents 
' ' . '. ,' . . --- ·- _- . ' ' _-' . ---- -- .· -.!· 

studied over __ the past five years,>have, not .generally' been constructed 

-to the surface smoothn:ess-:s~andards flthieved in othe'r states. -

4. 5 COURSE.-TO.-COURSE' DIFtERENCES lN BITUMINOUS PAVEMENT ROUGHNESS 

- 4_.5.1- _·Purpose of Testing:_·- lndis~ussio'n'sot' riding. qu_ality; many 

'eXp~rienced res.tdenf engineers hav_e. probabJy!ha:d a' contr~c_tor remark./ 

"Don't wor~y about .:the roughness:,. we 1lf,take ii 'out i~ ·th0

~ next course~u 

- Dependingonthe conditions exJstfng:qna p~rticuiar·proje,ct~--"the.spirit· 

of optimism voiced in 'this cornnent ·obvfousl,y mayor may not have abas:fs' -' 

in fact. 
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Later in th.is report, rolling straightedge based surface smoothness 

specifications are described and recommended for use in New Jersey.· If 

such specifications are ~dopted, resident engineers will be provided 

with a means of rapidly obtaining data on which to Judge the potential 

for achieving an acceptable final level of riding quality at each stage 

of construction. • Implicit in such a determination by the engineer 

is the resolution of two related questions: 11 Where do I stand with regard 

to roughness at the present course level ? 11 and 11\Jhat improvement can I 
. . 

expect?" While a short period of experience with the straightedge 

should yield specific answers to these questions appropriate to a given 

set of project conditions, at least initially, some historical perspective 

is required. 

In order to determine the extent to which roughness is removed 

from the various f\:ew Jersey fl exi bl e pavement layers and to deve 1 op 

some possible guide 1 i nes f:or future contra 1 of intermediate course 

roughness, successive roughometer and straightedge measurements were 

made on the base thru top co_urse surfaces of se1 ected projects_. 

Unfortunately, the number of such consecutive measurements obtained was 

some~vhat 1 imited due to r•_ougnometer breakdm-1ns and difficulties in 

coordinating data collection with construction operations. 

4.5.2 Average Levels of Roughness and Roughness Improvement for Intermediate 

Courses: A summary;of the average values of straightedge and / 

roughometer data obtained on the base, binder and top course of the 
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·. . ·. . ·,.:,'·:-._ ... _:, 

·_ indi Yi dua) pr<>jects sample~ i_n .this worK is presented, __ _ _ 
,, ' -1 ' ' '' ' ': •. ',, 

: Sine-~ -the :roughness variation~b-etwee.n projec::ts (i.e., th_e r~iJ~e) is 

-about half the "average :.value .in the case ot' rooghorneter qa,tit and as > . .· •, . ·. . . . . ' . . •. . ·. . •. ·. . .:.. . ' . . . ,,.· ·, .. ' ·-. . " .·. . 

,much as b1ice the a~er~ge, ]Jl Jhe case of _straJghtedge data:; it is apparent _ 
. ·: . ;-. : . . .· · .. ' __ ' . '. ",._ ·. /_• ···:.-··: '., .: :·· .- .. '... · __ ··. '~·- -·~ ~-- -:· .- . ,.·-··, ·. ·. ~· ,_. ·, .-; - . 34 

that -the tabulated aver~ges _ pres_er1t a very generalized view of the 
roughn~ss .of the variou·s .courses/ 

the top course o~· :t.he av~rage,_ \1ill ~emove about _half _th~-i~i~aigh'tedge 

- defec'ts iO the':~-inder./ -·~t fqllo~s tren that' a-:Ttmiting .or :target value 

of about 6··to 8 def~cts-q:r l.$ tci 2 ·percen-t·defectiv,e_•~length or:le~s· 

sh~uld be sought fo'r the binder in, order .to achieve 's4rface course · ', . . .. - . . . . , . -.. . .·.. .._ . ·. . . ' ·.· .,.- .. -.. ·. . . ,: 

val1Jes for thes-e parameters ·that correspond to. i•ac:c~pt~bl e'f riding 

quality. Sinc£f the· expe~tf;!d average base to bi Nier i rn;~ovement ls al so 
,., • • •• •• • ••• • •• .- ••••• • ·- • • •• • -·· •• -,,, ••• - •• 1 • •• 

about.50-60%.wnen_.thenumber.orlepgtll-of base,cou-rse defects-exct!ed 

_about --12 ,_tQ• li·o~:~' to 4_-P~rcent ·res'.pective]y, cine· ~ig~t._simiJai~y:· 

' expect a potential problem. Jn _finally acqiE!Vi)1g a~ceptable. riqJrtg·' 
quality. 

. . . ' 

As ind.icated .1_n Table 9, the ,av~rage ~mprovement ih Rou,ghness 

Index fromfi.i:st to·.last paying·co1.1rse':amounts,,to ~bout,'80 :;nches/mile,-.. -·:., · .. -:, '· ._.... -- . ' . ' . .. . . . 

and the improvement' from: fin a 1 base to .. riding sUr,fac~ .. ,;av~rages' so ioches/mi le. 
·,· . · .. ".. .. ' . . . . -· . . :'•' •. ,. ·, . . - . . .• . 

. -.. tn co!llpay,ing -the. roughness _improvements Jndi.cated :by_ the strai_ghtedge· . . . . . . . ... ' '\ --· . . 

and roughometer,··:th,ere· 1s, an apparent dis.par,ity bet~e~rf'th~ two d~vices: 
. - " . •. . " . . . ' ' ,. . . 

The largest average d~cr¢_ase ifl d~fects (b.~sf to .bii)der) borrespcmds to 

. the smallest_-. rough~ess·. index decrease; ·wh i 1 e the smal 1 est straightedge . 
, ' " . . . 

--·decrease {binder to top)yield.s the _largest roughness· i.ndeX,i{!lprovement~-.. 
ii 

\ 

.\\ 
' \ 

\ 
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TABLE 9: 

Average Levtj!l of Roughness on Jntermediate 
and Final Coursee; of Bituminous Projects 

' STRAIGHTEDGE DATA ROUGHOMETER DATA 
Paving 
Course 

Top 

Binder 

Final 
Base 

First 
Base 

Number of 
Projects 

Tested 

15 

4 

4 

3 

Average 
Number 

6 
(0-21)* 

' 

14 
. (4-22) · 

I 

32 
(10...;54) 

1+.5 
(11--96) 

*range of data for projects test,ed 

Average Number of Average 
Defective Projects Roughness 

Length Tested Index 

1.4% 16 95 in/mi 
(0-3.5) 00-117) 

3.1% 5 125 in/mi 
(0.8-5.7) (97-153) 

6.8%. 6 142 in/mi 
(2.0-11.0) (118;_158) 

9.8% 2 178 in/mi• 
(1.JL22 .0) (1S7 &200) 

-83- .; · 
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Such differences between the reduction in measured surface irreg-

.ularities and the.improvement in roughness index.for tntermediate 

pavi~g courses are not unique to ~fther the paving in this state or the 

rolling straightedge. For example, Jn a Colorado paving study18 in which 

surface irregularities were expressed in terms of profilometer_o1tput 

(units: slop.e variance), a 12 unit reduction in profile irregularities 

accomplished 'in the 1 ~ydown of a second base course corresponded to a 

roughness index reduct.ion of 35 inches per mile. In contrast, a reduction 

of only 2 un.its between binder and top course on this same project was 

· equivalent to a 45 i.nches per mile decrease in roughness index. 

The indication that a large decrease in straightedg(:! defects on 

a base course may .not result in a proportionate decrease fn roughness 

index is believed to result simply from the fact that a lower course 

generally contains extensive surface irregularities of relatively high 

magnitude. As was previously observed in the {surface course) correlation 

plots, a relatively smal 1 difference in roughness index can be expected 

between pavements having 11 niany 11 and "very 'many 11 irregularities (i.e. 

straightedge data falling in the non-linear portion of the best:-fit 

curve) .. 

A contributing factor to the larger average decrease in roughness· 
' ' . 

index relative to the reduction in straightedge defects accomplished 

from binder to top course is that binder course apparently contains 

18Bower, L. c. · and Gerhardt, B. R, "Automatic Controls on Construction 
Equipment: State of the Art, 11 HRB Record '316, pp. 9-10 (1970) 

\__ cl 

.. 
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defects not nieas.ured by the straightedge. Textural and long wavelength 

are the most probable non-measured defects. Elimination of these defects 

· in the top course wi 11 1 ower the roughness index even if the measured 

level of defects remains: the same. 

The presence of these binder_ course irregul.arities detected by 

the roughometer but not by t:he straightedge.is evidenced in Figure 23. 

In this figure, about 2/3 of the sampled sections of binder course 
. . 

~- display a higher .roughometer reading than would be expected for a 

section of top course having the same severity of straightedge defects. 

This difference in Roughness for binder is generally at least 20 inches 

per mile above the expected average value for top course. 

Since the distribution of these unmeasur~d defects between 
. . . 

11 textural 11 and long wavelength irregularities is not known, their 

influence on the riding· quality ulti_mately achieved cannot be preds.ely 

determined. In general, however, it seems reasonable to assume that if 
the higher roughometer readings for binder are principally a question of 

texture, an i.ncrease in ri~eability beyond the relative decrease in 

measured defects would almost automatically result. In such cases, 

the resultant improvement might be expected to be of some relatively 

fixedmagnitude, the actu~l value of which would be ,dependent on the 

materials and construction techniques of the particular project. On 

the other hand~ if long wavelength or other non-textural roughness is 

a .source of· the higher binder course rciughometer readings, their 

el iminatiori is equally as dependent as that of measurable defects on 



FIGURE 23 Plot I llusfroting Differences· In The ·Roughometer-
I05 Straightedge Correspondence Betwe~n \ Binder And Top · Course 
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the application of proper construction practices. Perhaos the most 
I 

important point in this connection is that since there is at least 

a possibility that unmeasured surface irregularities·may reflect into 

and detract from the riding quality of thP finished surface, it is 

even more imperative that measurable defects be held in check thruout 

the construction. 

4. 5. 3 Rouqhness Improvements for lndivi dual Projects: · t,, summary of 

straightedge and roughometer data for consecutive sections of final 

base thru top course from selected projects is presented in Tables 

1 o and 11. 

Examinati~n of the course~to course differences in straightedge 

-87-

data (Table 10) indicates that there is a general ttend for the reduction 

achieved in a cburse to be proportional to the extent of defects in 

the previous course. 

While it might be expected that removal of the last increments 

of straightedge roughness would be increasingly more difficult as the 

potential for removal decreases (i.e. as the general quality level 

improves), there 1$ an indication that at least on some projects, it 

'in fact apparently becomes more difficult to avoid an increase in 

defects. That is, as shown in Table 10A, the'projects displaying the 

lowest average number of binder defects have the highest percentage of 

sections showing either no change or an increase in defects. This 

effect is most pronounced on the sampled project showinq the lowest 

average level of binder course defects: I-80, Section ll. On this 

I ' l ; i ·. 
! 



No. 

1 

-

2 

3 

4 

5 

l 

2 

3 

•.·· 4 

Table 10: Course-to-Course Differences in Bituminous Pavement Roughness Based on Straightedge Data 

lOA: Binder to Top Course 

Average Difference in 
-PROJECT No. of Number No. of Defects Defective Length Straightedge Defects 

Final Sections Showing 
Section Rating Tested Improvement Binder Top Binder Top Number Defective Length 

I-80,lL Fair 33 12 of 33 4 6 0.8 . 1.4 +2 +o.6% 
(0-30)* (0-37) (0-9. 4) (0-8. 7) (8' per 1/4 mi.) ~---

I-280,1B-5P Fair 20 12 of 20 9 7 1.72 1.45 -2 -0.3% 
(1-32) (2-24) (0.2-6.1) (0.2~4.2) ( 4 I) 

I""'.195$2A&3A Poor 10 6 of 10 20 14 3.75 3.18 -6 -0.6% 
(12-47) (3-25) (1. 8-8. 9) (0.8-5.2) ( 8 I) 

I-80,lM Poor 9 7 of 9 21 15 5.7 4.4 -6 -L3 
(13-36) (7-28) --- --- (17 I) 

I-287,7D-9G Good 24 22 of 24 35a 3 7.5a 0.4 -32 -7,1% 
(5-106) (0-15) (0.7-24) (0-1.67) · · (93') 

·. 

SStabilized base; binder not used on project *range of data for projects tested 
lOB: Base to Binder Course 

Base Binder Base Binder 

I-80,lL · Fair 27 25 of 27 11 3 1.9 0.5 -8 -1.5% 
(2-47) (0-9) (2-8 .9) ~0-1.74) (20 I) 

I-280,1B-5P Fair 10 All 27 13 6!8 2.5 --14 -4.3% 
(13-49) · (3-32) (1.89-19.2) 0.5-6.1) ( 57 I) 

., 

I-195,2A&3A Poor 3 All 73 21 10.1 4.2 -51 -5,9 
:sl-103 (16'-24) (6.8-14.3) 2.7-5.5) ( 78 I) 

I-80,lM Poor 9 All 66 21 15.6 5.7 -45 -9,9% 
20-117 (13-36) -- --- ( 130 I ) 

I 
00 
00 
I 
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Project 

No~ Section 

1 I-80, 1}1 

2 I-195, 2A&3A 
-

·3 I-295, 1S 

1 I-80, lM 
-

2 I-195, 2A&3A 
\ 

3 I-295, lS 

TABLE 11: Course-to-Course Differences in 
Bituminous Pavement Roughness Based on Roughometer Data 

llA: Binder to Top 

Final Roughness Index 
Riding Quality Number of I~umber Showing 

Rating Sections Tested Improvement Binder Top 

Poor 12 All 156 122 
(131-192: (100-140' 

Poor 10 All 143 117 
- -- - - -- - - - (122-171) (104-131:, 

Good to 14 All 97 63 
Excellent (90-108) (56-68) 

llB: Base to Binder 

.. 

Base Binder -

Poor 12 9 of 12 177 156 
' 

(136-219) (131-182) 

Poor 11 All 153 129 
(138-170) (115-142) 

Good to 14 All 124 97 
Excellent (108-140) (90-108) 

-

Average 
Reduction 

34 in/mi 

26 in/mi 

34 in/mi 

Average 
Reduction 

23 in/mi 

24 in/mi 

27 in/mi 

I 
(X) 
0 
I 
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project~ 21 of the 33 tested sections displayed an increase in defective 
. ' 

1 ength from binder to top;. on 12 of which the adqi ti on was qreatPr 
/ 

than the acceptable limit for straightedge defects (i.e., L0 .> 0.75%). 

Again, when large decreases in top course defects on the individual 

sections of this project were observed, they were accomplished on those 
I. 

sections having the most defects in the binder (8-30), while increases 

.were generally observed on the sections having a low number of binder 

defects (0-6). 

The course-to-course improvements in straightedge defects on the 

individual projects of Table 10 thus show considerable variation compared 

to the average reductions on which the rules-of-thumb for limitations on 

deviations on successive courses were postulated {Table 9). Since this 

variation is generally in the direction of a lower achievable reduction 

on pavements of the desired better riding quality, the suggested 

guidelines should at leastinitiallybe viewed as the upper boundary for 

allowable defects on future projects, particularly in the case·of binder 

course. 

The course-to-course Roughness Index improvement for several 

projects is shown in Table 11. The most significant point in connection 

with this data is that the averaqe improvements observed on our best 

riding project and on two of the poorest are almost identical: about 

25 inches/mile from base to binder and 3n inches/mile binder to ton, or 

a total of aboµt 55 inches from base to ton. 

These similar average improve~ents noted do not apoear to be 

unique to the three samples shown inasmuch as the averaqe hase to top 

· improvement noted on sections from three other projects is on the same 



• 

order of magnitude (Specifically: 40, 42, and 69 inches per mile}. 

The average total course-to-course improvement for the sh samoled 

projects is thus about 55 ± 15 inches per mile. This indication 

that there apparently is a relatively fixed roughness index improvement 

that can be expected further emphasises the fact that care must he 

exercised in holding surface irreqularities to the minimum even in the 

first course placed. 

4.6 FACTORS INFLUENCING THE LEVEL OF BITUMINOUS PAVEMENT RIDEARILITY 

ACHIEVED IN NEW JERSEY 

4.6.l General: It is axiomatic that the achievement of quality 

hiqhway construction of any type depends on the adequacy of three 

construction inputs: men, materials and equipment. A rPlative 

deficiency in any of these inputs -- even.in the face of a superiority 

in each of the others --can result in unacceptable quality. 

In the case of oavement rideability in particular, the number 

of such possible deficiencies are substantial. One publicatfo_n 19 

alone indicates some twenty potential causes of a rough, uneven 
I 

bituminous riding surface. The specific ri deabil i ty 1 eve 1 s achieved 

on particular projects in this state are thus unquestionably~ function 

of the control of many different, sometimes interacting factors. 

The followinq is a discussion of what are felt to be the most 
'·· 

s igni fi cant influences on the riding qua Hty of bituminous pavements 

in New Jersey . 

1911 Asnhalt Paving Manual'\ The Asphalt Institute, Table A.-11, p. 161 (1965). 
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4.6.2 Use of Automated Pavers: As previously indicated,there is 

a trend for New Jersey's mor'e. recent bituminous construction to be 

the smooth~st~ The ~ost importa~t factor jn this improvement in 
, 

rideability is the focreasir'lg (now required) use of pavers i?Quipoed 

with automatic grade* controls. 

With the exception of one contract, all projects su;rve_yed 
. . . 

to date which were constructed _using automatic controls have received 
. . . 

at least' "Fair" ratings, with their averaqe roughness (80 inches/mile) 

correspondinq to an FHWA "Good". In contrast, the sampled projects 

constructed with conventionally controlled cavers have at best 

received "Fair" ratings and average "Poor" _(105 inches/mile). 

While generally improved riding -quality results have been 

obtained in thi5 State with grade referen.ces ranging from a . 

simple ski to high-type erected stringlines, experience on certain of 

our projects has confirmed performance requirements lonq--known by 

the paving industry.· That is, automatic controls must be used. 

properly and must be accompanied by_favorable conditions of 
• • f 

workmanship and meterials if the smriothness potential of the 

equipment is to be realized, indeed, if the work is to be acceotable. 

An example of the extent to which less than complete 

observance of overall good construction procedures can outweigh 

the contribution of automa~ic payer ~ontrols has ~een described in 

a rerort 20 on the Route I-80, Section H~ pavin~l experiment. Here 

·' 
I 

• 
*Certain of these pavers were additionally equipped with automatic feed 

controls that minimize variable materials pressure against the screed 
and associated detrimental effects on the finished mat. In such cases!' 
the relative smoothness contribution between qrade Md feed controls 
cannot be determined. 

2011 A Comparative Study of Thick-lift and Standard Bituminous Stabilized 
Base Construction", N.J. Department of Transportation Research 
Report 72-003 (December 1971) · 



the conduct of construction basically as a stop-and-go operation 1t1as a 

fundamental factor in negating the beneficial effects of the paver's 

au torr.a ted contro 1 s. 
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In the cited work!! the eastbound roadway of a 2-mile, six lane 

faciHty was constructed exclusively with a paver equipped with electronic 

grade controls while the westbound roadway was placed With the same paver 

and conven:fonal controls. The two roadways were found to have almost 

identical roughness at the levels of both bi.nder and top course, with 

each receiving a. "Poor 11 final rating. The sampled sections of top course 

from this project in fact showed the most extensive straightedge surface 

defects of any project studied in this research. The particularly disap-

pointing nature of this finding can be appreciated for the fact that the 

work was in part specifically undertaken to shm-1case the results obtainable 

with automatic paver controls preparatory to the adoption of specification 

requirements for their use. {11 Good 11 to '1Exce11ent" rideability had been 

obtained on t\'JO projects built with automatic controls in the preceding 

construction season.) 

An example of the extent to which different methods of deploying 

grade contra ls for a gi ven 1 paver can affect ri deabi 1 i ty was provided on 

the Route I-287, Section 7D-9G project. As previously noted, the 

pavement section of this 5,1/2 mihi, four-lane divided facility consisted 

of two, 4--inch lifts of bituminous stabilized base topped with a 2-inch 

riding surface. 



I· 

i: 

Just prior to the, beginning of paving bn the ·southbou~d roadway 
. ': ·. ·r-·:··<:' ·•' ·. . . . .. ·. < : . : ,·:::•;:, .. '• .· .-. ·... . : ...... . .,. 

of the subject project, s-trai'ghtedge. measurements were made on the . . . . . ,·. -. - . . .. ' 

completed stabilized base on .. the ~o.rthbound roadway<: ·Thi$i'-straightedge 

sampling revealed not onJi a high mimber of defects\' but.· a general pattern .· 

in which the number a·ri~ length.·of devl~tions-intfe"a"sed··froiri,-.the· -f~ner to 

.• outermpst wheelp~ ths (average di_fference·: ; 15- defect~''p~f :quarter mile). 

This pattern of defects strongly sugg_es_,ted. that method of. 

grade control :then being ·used-: .. serisi_ng from an·-~rected .stringli ne at 

the inside ed~e·of the pavement followed thru with automatic slo_p~ tontrol--

was inappropriate for the Hft thickness and (partic.ula~]y) t~e 21:'.foot .. 

width of paving. Consequently, :Jt was suggested to th~ contractor that. 
. -·-

an availab}e 20 foot long,· footed ski be ·used as 'an-~dtlitidnar reference.· 
. . 

.on the outer edg~ of the pave~ in :1 ieu of the slope control~ 

The contractor· resist~d su~h;-a change~ but did' agree to a field 

comparison Of the two 'methods of co~trol · In th.isi comparis-c>·n testing, 

rolling straightedge measurements,.m~de, on a ··ran;omly select~dl.,000 f'oot 

section of. base ·_. constructed usil')g :the stringline/siope 'control method 
. . ., . . ' ' . 

wer,e•compared to g_ -s~ectioirof eq'tial lE:?ngth ~onstructed the same day using .. _.' . .. ,. . . ' . . :: ;),: ' . . . 

the suggested st,ingline/footed ski r~:ferencing ·system~/ ' ·.·· . 

. ·As. shown in Table.:l2~. the base course built usin~ the s"lope. 

. cpntro'.l ~onti~:uect the; tr~nd .observed in the :adjacent roadway, with the 

totai length ,of defects near tlJe out~r.pavement}dg~;ir,i,thii'case being 

•.· twice· that of those on t!)e ins~de; .. :. The use Ci the ~l t;r11ate'• m~thod of 

g"rade refere1tc10g' no.t only'reduc;ed :the tran'sverse variati.bn in defects, 
ii 
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· NU11ll.ber of 
Defects > 1/811 in 10' 

Average 

Percent Defective 
Length 

Average 

TABLE 12: · COMPARATIVE STRAIGHTEDGE DATA FOR THICK-'LIFT, 
DOUBLE L'\NE PAVING USING TWO METHODS OF GRADE 
CONTROL 

(Route I-287, Section 7D-9G) 

First Method: erected stringline· Second Method: 
plus slope control plus 

Inner Lane Outer Lane Inner Lane 
.. 

Inner Outer Inner Outer Inner Outer 
Wheelpath Wheelpath Wheeloath Wheelpath Wheelnath .· Wheel oath 

29 31 33 44 18 14 

erected stringline 
footed ski 

Outer Lane 

Inner Outer 
Wheelnath Wheel oath 

9 15 

34 defects per 1000 feet 14 defects per 1000 feet 

6.6 6.5 9.8 13.8 5.7 5.3 2.2 5.0 
"· 

9.2 percent 4.6 percent 

I 
'-D 
CJ'1 
I 
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., . .. . 

'but'halved. their overall av'·~age number and length.· .. As a consequences a 

double refe:rence·:sys-tem was ·used for ·constructing the. remaindei·_.<>f 

the project. (interestingJy; a sample of follow"'.UP ineasure~nts_ ~de 
I. . , . •'; 

on the'nextday•:s work' confiiinCdth!:! relative.efficiency of the alternate 

system; _-•-an average defec.tiv~ · length of 3>percent. being observed~} 

- -- 4.6~3 ·Mainta~nfhg Uniform forward Notion of the, Paver: P~ving manuals 

and handbooks, universalJy caution that ~re laydown. ope.raJfon should proceed 

at a speed whi~h>; s both reasonably ,cbns.tant a~d co.or,Hriat~d. with tij~ 

rate of material syp~ly~ ··• Erratic paver speed can· l~a1i::t6 an over-all - , 

. pattern of wavinessi:dgE/ to. :ind~ced: varjations in densi•~Y and thickness~ 
. . . •' •,• ·• . . .:. . • . . \ : · ' ' ,:' . ·,.. :: . ,. '. ,.,-· . ·.>!,,.,__ ..• ;-'. ' ,_ ' . • . . - •. , . . 

< ·while an overly. fast§peed results in unnecessa~y stops,and .starts .and 

allied surface ·defects. · 

· - -Erratic or stop~a.nd-go. operation has beeniinfonna'11y observed Oll · · 
.• . . . . . . . . •,',·' . . . 

a -number of )fow. Jersey projects ar1d,'.for disparate rea$Q~$f. : -In one 

tnstances for exa~ple, i_rttennittenc_y r-esu-ltedfrom the>use of a paver 

equipped with a, screed ex~tension but not ari .. :~_uge·t .extert·sion.· On some ,. . . . . -~ . . ' . . 

oth~r projects 9 '.the condi:1;ton appeared to be the c:on~eqtien~e ofJ:he . 

. 'wprkman.shlp of operators ~ho seemingly' are mo.ti vated by a'.oes ire. to 

provide frequent ~ork,breaks. 

· As previously alluded to, the poor ri dea.bi 1 ity obtained· on -the_ 

I..;8Q 9 lM project was -in p~rt due to th.e stop--arid~go nature of t~e 

. - -- operation. -At one point. in' this cc>'nstri.iction;. for e~amp 1 e, a paver speed ___ ·-
. ' .· . , ·, . . . . \; . ··'. : . : . . 

of 56 feet per m-inute was being us~d in the. laydow1f of a 4 .inch base -- · 
. . . . . . 

- being supplied tO-the'.j<>b<at an average rate of 100-t~n.~per ho~r.· That 

-- this:speed was _excessive can be·appreciated fromthe fact that constant 

l.-

.. 

.. 

.i 
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\ 

ope,ratfon at ,56 (eet per~mini.tte for"the ·given mat width ~nd ~ickness 
·.::: :.,::·.; ·:··· . ' (· _·.· . ,. 

would ~qufre an aver,ag~ material supply lO to 11 ti.mes greater than 
>)--·~-. :. ' 

that ,actually provided •. , In other words, only a s·mali fracuo:n (1/10) 
·. ; ., . . .· 

of tbe workf ng hour' could be used productfv~l.Y at the given ratesj~f 

- 1 aydown and supp 1 y. , Further, ev~g: with . a fu 11 hopper, the ( ori gi na 11 y 

•·. supplied) slat conveyor system c~~ld not furnish ;~;~;rial to ~he spreader•· 
... ·. . " 

fa.st enough to main¥:1:~•. «1- constant speed. Cor1sequentJY,'>ijn~:.paver was 

for~ed-to sto~ at 1io foot intervals to fie<J._-111~Iferial. These 
•~ • ,~, l 

freq~ent stops to f~ekf;mc1iterial ·as well .as those waitfng:./f:O:r resupply 

resulted ;.in :l/8 to 1-;·; ·;rich deep. sc·reed mar~s· in the ·;·~rface which 

were not elirnfnated on subsequent rolling. . . . ) ' 

The pat~ern of straightedge defects ,on 500 feit of. the; early 

paving qn, the 1-80 p.roject, annotated to identify ~ru~k<'thck-up points!·'· 

·:~nc( a coristructi.ti·ri{:'.joint, is presented in Figu·:J.·~~l{:;.1/As shown/;each 
. . 

point of resupply ii'! this particular length of pa·vemen.t<had an as,sociatecl 

depr;esslon due to screed. settlement; oc;casionally clo~ely preceded or .:, / 

; followed by other defects~ .iThe:fuagnitude of _these defects in :~_ome cases 

· refl'ect :a.: truck backing ihto the· pa~r/ The interesting point;,_in 

connection with the start-up operatf:on (Station 3+30) is that the indicated 
' . 1,1.• • 

con~iderable length requ,it-ed to obtain a ,.relatively defect-fr~~ ,dperatiori 
. . ' .... -~--,_~,' 
(i.~., the length of the paver or more) is .not unique to the 1-80 wor1t· "· 
~--. '· ./· ' . . ;_ \- .• · ~.-1: • ... 

Several points are of significance in connection with the 

possibili.ties for stop-and-go operation on future New Jersey projects: 
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-98- FIGURE 24: BLOCK DIAGRAM INDICATING SURFACE 
DEFECTS INTRODUCED DURING PAVER 
START-UP AND RESUPPLY 

(ROUTE I - 80, IM BITU Ml NOUS BASE) 
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First, while some' field experimentation certainly may be required 

to match paver speed. to material supply, simple (yield-supply) calculations 

obviously should be made or specially prepared tables consulted to give 

a reasonable approximation of the appropriate speed to be used. At a 
minimum, such would preclude gross mismatches in laydown and supply rates. 

Figure 25 is an example qf th~ avai1ab1e21 charts that ca.n be used for 

guidance in coordinating :paver speed and material supply. 

Secondly, a recently added provision to the New Jersey Standard 

Specifications--a requirement for echelon paving on all courses--can be 

expected to aggravate or create the potential for a stop-and-go operation. 

This results since a rela~ively large increase in material supply or a 

decrease in paver speed will be required for the echelon mode of paving. 

Additionally, a relative change in, ·,either material supply or laydown rate 

will also be required on those projects employing thick-lift base 

construction, a technfque'which this Department is increasingly willing 

to permit. In combination, echelon and thick-lift paving could pose a 
I 

monumental problem in providing adequate material supply. 

While this Oepartmemt has considered requiring a minimum rate of 

supply on at least some pnojects (e.g., thick-1 ift work) as a measure to 
I • 

minimize intermittency of :paving, problems were foreseen in the enforcement 

of such provisions. Also,! the provision of an adequate supply of material 

and maintaining continuity, of 1.,aydown fundamentally appeared best to be 

the province of the Contractor.\ Adoption of a penalty schedule for 

deficient pavement riding quality would~ however, provide an indirect 

control over the contractor's operation inasmuch as stop-and-go work 

would have a high probability of receiving penalties. 
I 

21Foster, C. R. 11 Smooth Payements 11 ~ National Asphalt Paving Association 
(1973). I 



FIGURE 25 

TONS PER HOUR REQUIRED TO 
KEEP PAVER MOVING0 

(Basis: 12 foot Lone,, 144 pcf) 

fa Excerpted from the .. National Asphalt Paving. I 
LAssociation Booklet, "smooth Pavements" · 
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: 

4.6.4 f__reguency of Transverse Joints: The m<1jority of bituminous 

projects studied in this Yjesearch were built under specifications which 

required that when less than fu11--width paving was employed (the typical 

casef, the spreading and ,'fiinishing operation could not be advanced for 

more than 500 feet or one :hour. -· When that mat length or time was reached, 

the paver was required to move back and resume paving in the adjacent 
i 

lane. As result of this provision then~ a quarter mile of paving could 

be expected to contain very nearly three construction joints. 
' , 

As previously noted'Jn Figure 18, a bituminous surface course 

containing six defects per: quarter mile typically receives only a "Fair" 

ri deabi 1 i ty rating. Thus,: if surface course defects introduced during 

the start-up at joints were. held to a maximum of only two per joint, this. 
. . : 

I 
aspect of the paving operation a 1 one would cause the pavement to have 

less than 11 Goodll riding qu~l i ty. Importantly, 1 imi ting the number of 

defects to two at a constructior:i joint or even to the same magnitude 

and length as those elsewhere in the mat would, in a number of cases, be 

a very significant improvement. In a few extreme cases studied, all of 

the defects occurring in a ~r.1arter-mile section have been associated with 
, . , 

the resumption of paving at1 a joint. 

Realizing the difficulties in achieving a smooth ride in a 

pavement containing numerous transverse joints, the Department in mi d-1970 

changed the Standard Specifications to al low laydown to extend to a maximum 

of 1500 feet or such distance that .the material at the longitudinal joint 

could be mainta_ined at not 1ess than 150°F .. Whether the reduction in 

joint.s permitted b,y the 1509 foot allowance is actually achieved on 

future work obviously will depend on the quantity and quality (i.e., 

tempera;ture) of materia 1 s supp 1 i ed to the job. 
I • 

\ 

\ 
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4.6~5 •. Other (N~li~Quantifiable) Factor.s:. ·. Apar~ from the,.pre,cedi,ng~ · .. · 

. ·. ·.·. experience strbngly sUggests' thai 'a number ~f 'addi tio~al Jattor:s i have 
' ' ' . ' , . . . ' . . ,.. . , ... . . ·, ,· . .. . 

. ' : C " • • .... . • " . '/ . - . ·• ,. ... . .· • . • ,:' . .:' . " . - . . . 

1 nfl uenced New ~ersey pavement riding. qual Jt_y_; a·nd J n:: pa-r,tJcul~r; the .· . 

fodfcate~f.trendfor<improved ride~-~iHty re~ults·~·- Jhes~tf~C~()l'S' . ' 

- relate to. the smoothness quality oi the· no,n-bitumfnous'·6oursE!s ·of the 

pavement structure; th~ .method ·of payment for bf:tumino1.is paving, 'and a 
. . . . .. ", . . . ' . ',. . ... 

spi rft :of 0 Qua1 i ty Consciousness ia on the pa:rt . of ·State a0nd Coritra~tor .. 

personnel.- ·unf(>rtunately, whi le>the ef.fect of these/fact~rs has. been· · 
.. , . . . . . . . ' ' ., . . .. -~ 

noted by other investigators, t~eir specific influence on rideabil1ty · 

in our state cannot t>e quantified due to either {h~ absence 'of "re~:earch 

control's or their ·essentially. subjective nature.· · 

·Quality .te~el- of non'..bit'uminous. courses: :. Th.e __ ro~gh~ess ·equipment . 
. . ' : ' . - . : . ' -· . . . . . . .. 

of this study did not permit ·making any ~etermfoatf9n of the relatfve •. · 
' . . . - . ' ' . - . 

roughness of courses underlying th~ M tumfnous struc:ture. •· However, ·; f · '· 
. . . '. . " ' . . '. . . . . :. : ,, . . ;,: .. ',' ::·•·: .. . -{ . : 
one accepts the premise thal the .achievement of a;quality final riding 

. . . . . . - . 

surface is .the ~esult of a concerted: effort· c;1t each •preceding level,, then 
- . . . . .,·· ,··,, __ ••; --·-. -· .. , ,···. '• .. 

it seems reasonable' to a~suine that the hisfori~al trend for better: New.· . . . .··, .. . •, ·, . . . . - ., 

Jersey- bitumi119us' r.ideabil ity must: ·at<least to so~-extent ~e· a reflecUc,n, , 

of the fncreas1ng use of au-tomated_:fine-gra'ding ~chine~' fo-r b~se and 

s'Ubbase courses. , The' us_e of this automated eq-ufpmeiit ha.s' i-tr: parfbeen 
. . ' '._ -... . : , . . .. . . . . "' - . -

stimulated by 'the_] fact that tfle ne~essary {erected; strtngl ine)· grading 
. . . -. . . ..... , ' . . ., •: ' . 

. · reference. is n·ovt required··· for·•subsequent·-paving •.. ···.-· 

'.,, Similarly~_ informal observations'•suggest that the. us·~ of-a··;. 
• · di ffi c·utt-to~cons truct macad~~ ,base course* on· ~bout one-thifd of : the· ·. - -:.. . . . . . , . . . . - . . - -. . . . . . . . . :c.·. , . _ .. , 

*Consisted of no~in-al · l-l/2-.Qr 2-1/2. inchcaggrega'te with surfac~'andi-
. · inverted chokes of screenings •. Specifications permitted a :maxim_um 

surface variat.ion of + l/211 :in :16'-. . ' .. - . . . . ,.. . . 

. r 

.\ . 

,• \ 
. \ 
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i 
projects studied in this research in some cases was a factor in the 

ultimate level of riding quality obtained. In point of fact, the 

difficulty in achieving a• relatively smooth paving platform using· 
' ' 

' ' 

macadam base was a consideration in the Department's decision to 

eliminate this item from pavement designs subsequent to 1970. 

Conflict between sguare yard payment and thickness penalties 

-103- . 

for bituminous pavement: 'Until recently, New Jersey project spedficatlons 

provided for the payment of bituminous paving. courses on a square yard 

basts and the assessment of penalties for deficient. thickness. 
' ' 

It is well-known22 'that an .innate conflict ~xists between the 

attainment ofa minimum th,ickness and smooth ride when payment is on a 

· square yard basis. That ijs, it is a practical impossibility for the 

contractor to pro vi de the :variab 1 e thicknesses necessary to correct for 

sUrface irregularities in :the preceding course and alst) maintain a minimum 

thickness without increasing the mate.rial quantity on which his bid is 

predicated. 

In New Jersey, this conflict between rideabiHty and thickness 

was generally resolved in favor of thickness. That is, the fonnalized 

sampling plan for thickness determinations and attendant computational 
' ' ' 

requirements for penalties' automatically invited close adherence to the 
' ' 

requir.ements. Io contrast, the data of this study indicates that surface 
' 

. tolerance requirements--for which no formal sampling plan is provided or 

data reporting requi red--were only sporadically enforced. Additionally, 

-----------: - ' ' 

22 i1Symposium--Thickness vaJiatfons of Asphalt Concrete'\ AAPT Proceedings, 
Vo 1 • 33 ( February 1964) . 

\ 
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• • •• ,' • •• •• ••• • .·- I • • ., :_ .; • ' : ::. I -· .• _-:. 

- on at least .two proje,cts .whe·re au,tomatic grade· controls were usecron. ' .. ··· . . ' . . . . ' . . ·, . . . . . '· 

intermediate -cqurses, -syc~: contrQlS,,•w~rEf s.uspend,ed oh ,the top' cqufsij 
-, and- tl1epavet set. ai)d .:ope~ated to ··achtev~ -a uniform\thiikness.; Thjs. . . . . ·,· •, . . . . . . ' . ' ·-·· .. - ,.__ :·. 

appears to bi;! .f.ur:th~r evid~nce of which option' a :co~tractor would elect 

when faced w(th Jl smoothness/thickness• co~:flict~ 
· -····:_ .Since pay111Emt .on a- square ,yar~· bas;s · can Jnh,i'bit ~~hievement of 

- ' . .. .··'.., .. .,.._, 

good riding Quality in general, and the achievement.of' the full 1-, -,·. ,. ' . . . .. ., ··.•· .. --... ·- ,, ... 

potential of e1ectron,ica1 ly control:led . .pav~l'"s in __ ,partf cular, provi~ions 
. , . •. , ,· . . • . • • .· , :- , . I ·._ ... • • . :_ • 

for tonnage payn1ent were incorporated fo Departmen~ :specifi:cations at 

the ti me autoOJated payers· were required. : : , 

"Smoothness Consciousnessll: ,_ In achieving a qualfty improvement -
;,.:, .. : :,, .·: . 

• in-,any.·item• o(construc::tion,-'the· r1ecesstty for an awa.ren.ess•and 
. -.. . . ' ·:, .. ' ' .. .. : 

accep~nce of thfproblem followed by Rlar1ning to 'exec;u;t~ the Jmprovement 

is self-ev}dent.i The pres.~nce .Qf, a c:on:tinuing' awaren~~s and concern for.· 
qu~n ty i,n, projeCt plarin1ng. and ~~xe,cutton: i S:~,:,}n .turn.,, ;reflection of '· 

·. the successfui appl icatioi o.f the ~s-sentialiy subjective processes of 
mana,gement ancl training a.nd \the eveh more elu:sive quallties of· professionalism ' ' 

·. . . . . . ., . . ,. · .. - : ., 

.,•· 

and-pride of workmanship. 

. .. · In applying these· concepts.• to bituminmas· rfding. quality tn ,particular, 

Charles> Foster2l of-t~e•:N;tiona1 Aspha-1 t· Paving. As-soc1atton bas: indicated 

the .necessity.for·re-est~blishing a•;pitit.··of 11Smoothness Consciousness" -
. ·- . -· •.. . . ... , ' . . .. •·. ", .. . ·. ., . 

. extending from top,111anag~ent to project· laJJ.or., :foster<not~s{fo·r 

. example,,· :that, qor:itracto~,.ma,9agement 'must be "'i.11 ing·, tpc,~Jlow smoothness 

considerations 'to -take prec~d~nce: over- production in s~me cases. · The 

development of ~uch a s~nse of smo:othnes_s cohsc,iousness is obviously 

equa 1 ly applicable to State.·. personnel. -

- - ( 
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In recent years, there have been renewed efforts on the pa.rt 

of this Department and the New Jersey Aspha.1t Paving Association directed 

at stimulating such smoothness consciousness. Hithin the Department, 
' these efforts have taken the form of training seminars on paving 

equipment and techniques as 1.>Jell as presentations to operating personnel 

on trends in New Jersey pavement rideability. Additionally, an annual 

series of k,ctures at Rutg~ris University which have been increasingly 

or exclusively devoted to bituminous pavement rideabHity have doubtless 

stimulated a keener awarelfless of the need for and methods of achieving 

improved riding quality. 

In spite of the subjective nature of smoothness consciousness, 

comparison of the rideability results between the I-80~ 1M and 1L 

projects--each built by the same contractor--yields some evidence of 

this factor at work. That is, when confronted with documentation of 

the poor results on the 1M project, the President of the contracting 

firm indicated that his first reaction was to determine 11 who to sue or 

who to fire. 11 On t~e company's nen,t (lL} project--located in the same 

physical surroundings and supervised by the same State Resident--a 

number of measures were undertaken to overcome shortcomings noted on the 

previous project. These measures included purchase of a new paver 

equipped with high-type gra~e controls and furnishing a high production, 

on-site asphalt plant. 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 New Jersey jobs. The firm thus 

deserves a measure of congratul atfons for the spirit of professionalism 

evidenced in the marked imp·tovement between jobs. Whiie it should be 
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.. _-.on the ll project were equally benetJcial -µ) .to·h.t~actor:'a~d-'State:- ·tpe · ..... 
·. ·.•' , ., 

provis.io~ ofirt. increased ~upply of triiiterial (:a!jQlit 3,Q.O Versus Joo.' tons, . . -· . . . •',, .,, . . . . ,, ".- .. ··, · •. ' . '.,' ' . ,• . . ,·•'· 

per.·hour) not, pn_ly served t9 mjl'!irni;ze the poit:entJ~:1 fcir- .stop~and~go 
. .. • ... ·/, .. . ; . ·. . .. -. '• .. - . ,'- .. 

operation and allied defects t. but also -~ximfzed< 1;h~ ~o~tractor 1 :s profit 
' ·: ,•- . 

potential~ 

· A~ a means o.f-_emp_hasizing. this Dep~rtment's< in:terest in 

achieving good' :rideabi lity' to State· and. Contrac~or -pe~-sonnel and to the . . . -. . . ' _· . . . . . . . ". . . . .. · . - . .-,~-· . 

motoring. pubHc, Jhe furn~shing of arfannual pavement smoothness aw~rd 

(or awards) ha~ been considered~ Such a_ proposal has not· been Jmplemented 
•~ L :~,:•:,;: '1., ) ' ' 

.Si nee, at least ~;t 'certain peri:ods~ a New Jersey pavement smoothness . 
.. , ; . .:-· - ,: ... _. ·· .. _ .. _.. ·:--.. :: -· ·'., --,·,.·,,.. . . .'·••.·, ... ' . ·. _·. 

ciward would ha:v~ been. sonit:!thfng 1 ess ••-· th.an. mea_ni n:gful •. ·. However, si nee· •. 
• . .: ·•. • ,,. • •. : . • • . • . ,. • • . • • .. • .. t .• • . . . . • '. 

roughness data f~r·some .of ()i.lr ·re·cent flexible pav,einents_ compares-. -

favorably ~tth, th~t achi~ve~ jn other stcl~es/_,t .• 1~:· b~l ieved ~hat>a. · 
1'Smooth Pave~ent" (based :~n· rideabil<fty··.·a~~n~) or "Go~d .. P!ivemeryt" ·(all 

. . . I .. · . .: -•·.·•- > : . • . : .· ·•· ·. ;·.· - .·• .• . 
aspects of._const~uction q1JaJ-ity considered) award ·might'"now·be ;feasible. 

. . . . -. _.- . : .. "'". - . . ... 

Jn deltber.ating the merit~-:-of:-an award proposa-1,_>it .is -the wr;ter's . 

- opinion that some thought .st1ould JJiven Jo ~rovidi~g ai-monetary prize .· · . 

to the State per-sonneJ p~d~~{ng {h: '~es.i"-:r14eabiJ·i~; ($400: is .awarded .. 
. . . . ,_ . . . . , 

in_ one· statE!J .• -

,._ 
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PART V.: . PROPOSED PENALiY SCHEDULES FOR DEFICIENT PAVEMENT RIDING. QUALITY . . . . . . . . . 

5.1 INADEQUACIES OF THE PRESENT SPECIFICATION 
- • I 

New Jersey's current surface smoothness specifications possess 

a number of shortcomings: ·1 

Lack of specific sampling plan: NewJersey specifications 

indicate only that bitumino'.us and (plastic) concrete pavements llshan 

b~ tested 11 , while .the "enttrell (hardened) concrete surface is to be 

checked for conformity. No: report of the straightedge data obtain~d is 
I 

required for either type ofr finished pavement. In the absence of a , 
! . ' . 

sampling plan which is both: reasonable and firm and without an associated 

reporting requirement, testing may or may not be performed. 
. . ' ' , . . : ' . 

Choice of tolerances: The present specification requires zero 

straightedge defects: 11al l''projections and depressions exceeding 1/8 
:•' ' . ' . 

. ,· . . 

inch in 10 fi:?etare to be corrected by removal and replacement in the case 
'· . .._'\) 

of bituminous pavement, .or i•as directed or approved11 in the case of concrete. 

However, as has been described, research data confirms what might be ,· . ' ·, . i . . . '· ,· . 
' . 

expected intuitively:. It i~ nC>t necessary for a surface to be completely 

free of 1/8. inch defects to ,obtain acceptable riding quality. Further, 
- . . ' . 

for projects ha~ing some manageable number of defects, lt ts more reasonable 
:• . . 

. . 

to assess monetary penaltie~ to some proportion to their influence on 

riding quality thari to. always req~ire removal and replacement. 

· J)pe of testing devke: The surface is to be tested with a. 

"10-foot straightedge". Usi':ng an ordinary {non.,;rolling) straightedge, 

data collection iS slow and:laborious, and the measured defects may or 
: : .! . ' ', -

may not reflect the actual niature of pavement defects. 



,·.•. , ... :•:·_,. 

5. 2 DEVEL'OPME'Nt: Of ALTERNAT.E SURFACE SMOOTHNE.SS PROVISIONS·.· 
. "t ' 

The devetopmenfof a .proposed :alternate specification--one· .. . .. , . ·,, '·" . ,.·'·,. . - ' ' 

which. would bring,to bear the great~~ .. speed of d~ta co1fection and 

.. : · .. demonst~atel:Y:efatfon;hiptci. rtd{ng···qu,ality. of •• the ro'l'ltng: straJ~htedge--is . 

presented ir1 step~wise .fashion in. the fol lowing subsections .. ·· ... 

5. 2. l Choice' ~or'the Rid'ing 'Quality Parameter>t~. ~e :uked·>in Dete;mining 

. ·Acceptability:: As.-,pre~fously noted, ,~6lling straightedge data 1n ·. . . . ·. ' . ,• .. ' ,, •. 

either of .thr~e formsi~t:he number, '1ength o.r.area'of defects--yields an 

equa·ny valid repr~senta,tion of paveiiie'nt:ride~6i'lity. _However;, th.e 

percent defective 'length patameter possesses the dis.Utlct' a'dvantage .. 

: that its appfication' is_ i ndependenf of the quantity of paV•ement measured. 

Thus, the·bas:f(.test··.unit for a¢~eptance purpo,~es··· (1 .i. ,. the 11 lot11 ··size) 
' . . . . '" ·~ . . . . ·; 

. can be·'the t~tat:1ength of a dt\y•s paving, a.n't>bvious1:Y·variabl;e quantity. 

•_:. 'The use. of .. ·this\ partlcutir mea·sli're,Of. su~faci ir~egJ'1arities,. is additionally 
. .. . ., . . . .. ,,·. , . ' .. ,. . ,: . 

desirable ';n tfrat ·applkationof th~ concept;9{ 11lot, ~rt¢nt defective11 is 
. . . . . -. • . . . ·' : ·~ • •!!:" :' . • 

firmly establl_shed ih the qual ity(~s:s'urant~' lit~ta.tur~. ·. ft is probably for 

1:hese sarne~ rea"sons that, per.cent defective•' length. ha:s'been 'use? in the, 

:~:~~n:i:;t:P::n::c::::::i~r ;~1f :~:~::;1~ ;~ra~~r, . G 1 ~en that 

....•. the specifidrtibn wni'he based'on'~·~easu:re of'.thi•p'er~tmtdefective 
,. . . . - ·- . . ' ,.·,·," ' . . . . . . ' . 

leng~h· of·· each <day's··· pavf~g\ 'ii i:s·. h~xt. ~ec~S~try 'to t1~'he: engineering 

·. · .limits on-~he:d{fective:··,e~~·th.• para~t~rsett;H;~ f°:r.~i;what constitutes 

an ~cceptab1e;quality \eve,l arid a·\f~je,Ctabi~ q~idit.Y fev.el. . ' ' ... : .. . ' ., ..... ·· . . . ., .. · 



,•, i 

I 
I . 

In the ~riter's judgment, a reasonable value: fc,t the accept~ble 

quality level. tf the guide_l ine suggested by the FHWA: An average 

11 Fair to Good'il rideabil i~Y rating~ Bas~d ·on ·the correlation between 
• • 1 • • 

. , , . . ·., j •, ,' ' , .... ' ·•. . .·, '· . 

. the New Jersey roughomet~rand rolling straightedg,e, :this 11 no pena1ty0 . 
• . . , , ·.. ·,. · ... ·.. . . : -: ,.·.' , .. _ •. , _.··,. . .. ' :,' ' .. _·· : >, <: '' ' . ,,· ;. ,' 

. point .corre$porids to a ma:ximum. percen_t defective of about O. 75 and 3.0 
..... . . . ....... .. . . l :- . ·_. . · .. , , .. .-. .. ·_:, . ._ ·_ __; ·. -
percent, respecttvely, on! bituminous and concrete ·pavement. 

' ' , , :· i . :: . . . . . -.·., ,·. ':· .· . ·,-
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At the other extr~me, a to.tally rejectable qualfty Jeve1 (i.e., a 

remove/replace· criterion); of ,11 Poor · tQ · Very Poor11 rideabil ity is thought . . . . ·. . . 

aporopri ate. · I~ terins/ Of straightedge data,. this means, that ren10va 1 
. .. ,. . . - .. ~·• .. 

a.nd·replacement should beirequired or a very_severepayment reduction . . ... ' ·.· . ,,, __ ·. i ... ,' : . ,, ·,' ,: .. ' .· ... : .. 

should be assessed-whenever the> percentage of <the surface excee_ding 1/8 
. . ' . . · .. '·· . -- . ·, 

inch in 10 feet is 3.5_ pefcerit or more on a bitumln6us pavement.or:14.0 ·• 
• .• •• • ' • I • • • • • ·• 

percent or more:on a concrete- pavement.· · Based:or1:the historical data of 

this study, when/the percJnt of th~ pavement ,length ·Qut of specifi:cation : 

reaches _ these •• va 1 y(~S, ·. t~e~e, is 1 ess, than 3 per~en:t chance that the. 

pavement will at best be ci,f 11 Faf~11 rideab1]Jty~ with the:'expected . 

-·average.ridi~g:quality rating befnRabout.20 inches/mile into the 11 Poor•1 ··· 

. :zone. 

A~, the extent of slurface irregularfties',increases from the . 
. ·, ·,,,,. . •. ,., , ; . . . . ' . . . . .·· , . 

acceptable quality level to the' totally rejectable quality l~vel, · it . . . -·· . . . . . -t. . . ' ... 

. is apparent that at, some i~termediate, point, marginal acceptability·. 

is reached. While numeroUf possible values of defective lengthcould 

be considered ~S.lltarginally acceptable, ft is concluded that bor~erline . . . . ' . \ . . . . . . . 

11 Fair/Poor'' riding q1..1aJityi should definitely be considered of margfoal .,, 

. ac:ceptability and should ha~e at lea!,t some asso~fated.penalty,. ,, Th~: 

. i 
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percent defective length corresponding to this marginal rating is 

2.0 percent on flexible pavement and 8.0 on rigid pavement. 

A summary of the specific rideability ratings to be given 

consideration in the development of the proposed surface smoothness 

specification and the general philosophy underlying the provisions is 

presented in Table 13. 

Table 13 · 

Percent Defecti~e Length v,1ues to be Considered in the 

New Jersey Surface Smoothness Specification 

Corresponding* Percent 
. General Type Defective length 

Speci fi cation Rideability · of 
' Quality Equivalent Penalty 

Level to be Bituminous Concrete 
Assesser,1 Pavement Pavement 

Fair None 0.75% 3.0% 
Acceptable to or or or 

Good Very less less 
Slight 

s 

Marginally Fair 
Acceptable to Some 2.0 8.0 

F{oor 
.· .. 

Totally Poor Severe 3.5 14.0 
Unacceptable to or or or 

Very Poor Remove/Replace more more 
·. 

*In each case, values of defective length are rounded off in the direction 
of leniency. 



5. 2. 3.. Development of Procedures to Determine CompH ante with the 

Acceptability Standards:; Having decided on. the 1 imits of acceptability~ 
. I . 

the first step ;n devisfng a plan to measure the extent to whi~h 

future projects conform to these standards is to determine the amount 

of testing whichmight r~asonably be performed. The test sample size 
I . .·,_·.. . • . 

in turn is a function o(who Wi 1l perform the tests and when' as wen 

as the quantity Qf pavem~nt to be evaluated. 

In New Jersey, a '1;typica l!I day's production of bituminous 

surface course might be expected to consist of paving three-fourths 

of a mile, two lanes wide (1,000 tons).. Concrete paving commonly 
. . . 

' . 
• • < .,, • 

consists of at least one-fourth mile, two lanes wide. Since there 

are two possible t1~st loc1~tions (wheelpathsJ per lane, cornplete 

testing of a day's produCtion would involve collection of straightedge 

data on 3 wheelpath miles:of bituminous and one wbeelpath-mile of 

concrete. While the time; jnvolvedin such smoothness testing varies 

considerably depending on: the 1 eveJ of roughness, simply pushing the .. 
' device along 3 miles of perfectly smooth pavement would, for example, 

involve at ]east ~n hour~ i Given that smoothness acceptance testing 
. • I 

should be performed daily,and by State project personnel, it is believed 

that manpower limitations would permit the testing of only a fraction 

-lH-

of the involved wheelpath,miles. Consequently, the basi.c sampling plan 

recorrmended for use in New Jersey is one devised by the FHWA and consists 

of the following: A singl~ longitudi11al .run extending for the full 

length of the day's paving is made with the rolling straightedge, 
! 

• 
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. '.' •;, :. . ,· .·_. . .. 

· .. with th~ transverse locatiQn of the test (i .e,u l~ne and wheelpat'h) . 

·• .. · being determin'e4':rando"11Y ~nd var-f~ct every 300 feet •. ·. This sampling 
: -··.-·:•:,'' ... ·-.:_ ::·;:·. ,:_ ·i.· :.·-:' f ·.~: .. -:._ .. _ .... <.>,• .. .---:._ ... ·. ~-----... _>. ·. ·· .. ·.:· .. : 
· .Plan would thus in.volve .50% and 25% testing of the total wheelpath;.: 

.• . . .. '. . . --. . .. ... - • .. •' ' . . ,.. ·.. ' 

miles of ·single and double Jane' 'pavirig ;' resp~ctively. ·.,· 

As i rf the' case :of any testing process' : the f ntrodu'ction of 

vari'ability is.'.tmpli'cit- i~ the decision to perform leis than 

100; perc~~t Sti~atgh1;edge s'ampH ng.; The percent defective i~ngth . . . . . . ,. ·. . . . ... 

obtained in the proposed sampling p'l'an thus clearly will be only. 

an es ti ma t,e of the : pa veinent is true percent de_f ecti ve. The strength 

of 'thf s ·estimate \I/ill be 'a furi:cti on nbt only 'of sam~·l i ng ~ari abi 1 i ty, ·, 

,, :but-the previ~usfy described vari~b1litY-ofthe tn~tru~nt,itself (Appendix B)., 

To deterrii1ne. the extent of measur~ment Variability .• resulting . 
; ' ' :, ' ' · .• ' '" ... ' ! _·" .· ',,' : ' ,· :i ': ' ·.' ·: ·, ' ' ·, ' ·.,. ,:_ ' ' ', ' ,. '. ,' '''' 
from. fra'ctional sampHngf a~s'i'niulation proc:ess23· was employed in which 
the described. testi'.~g plan wa's applied :to- actuai .straightedge data 

·I _ . .. .,-_i_. .. ,'.,._.:_· ··-, .- . _ ,. . .· . _,_ .. ,! ·,1 _ .,_._" _. _ . 

· .records for\ New Jersey ';(::cmcrete and bituminous. pavements of various 
- . ,, : . : , , ·,: . ,:, . ; .. ,. I '.. - . ., . ·,>, .. :., . .. , . . , ... ,-... · .. ,. . . .'"' . :- : . 

. . roughness· leve1s'~i Numer-ous a:ppltcations· {at least 60-and:up · ;o 256 

tests pe_r s-ecti on)'. confirmed the , va 1 idi ty of the propos.ed fracti ona 1 

testing' pli,ni·· ;lth the'defe~tiv~ .' lengths' r;sulUng from' individual 

simulations 'bei:ng·. normally 'distri_buted and· displaying a mean value 

in :very' close agree~ent with t;he actual defective· length measured in. 

· .. the field. While>'it was ·expected that the varlaMlity introduced by 
·... .· ·•-· ·. I ·, .· •.. ·.•··, , , ... · .. ,· . · ... ·. .·: ' . . ·.·. • ··•. . . 
· the samplirig pr<>cedure {expressed in terms of the- standard deviatio.n 

~tatisticJ'would increas~ with~ recfucti~n tn the le~:el of testing 

and with an increase i pavement '~oughness, the rel ~ti ie :~agni ttide 
I·.:· 

.: __ I·.·, 

: . . . . 

23weed,\R~ M.:· i•Rol,lfog Straightedge -Sampling Plan Simulatior1 and 
Specification Derivationll (A p~per submitt.ed for pre~entati~n 

' at the 1974 HRB meeting) • 
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.· . .. 

· of this v~riability was so;mewhat surprising, partic:ularly in 
. !' .. 

·. comparison to instrument vlariatior1. A plot of the respective 
t' . . .. •• . 

standard deviations associated: with- sampling and instrument precision 
• . . , . . ·. I .. •• · • .'. ..·. . . ·. . • . . . 

. . . . · . I - .·" - .. . . •. . ; 

• (figure 26) :indicates that: for fractional sampJing on pavements .of 

the ; genera 1 roughness leve~ s observed in ·our State, s~mplin9 ~rror* · 
. . . .. · ·. . . . . .., .i . : .· . ' . ·. · .. · : . . .· ... 
· wi 11 be the more :important] component (?f ·variation to be considered 

. ·. .· . .• ·. : -:· .· ', ....... ·;.. , .:· ·: . . ' . .·' •. . . 

in the acc~ptance plan. T~e total measurement variation e~pected in 

the straightedge process i~ determineci from the fol lowihg relati<>nship: 
i 

(Equation 6) 
.·. Where O"T= ·. Total -standard deviation of a straightedge 

-. test result. · -· ·· ·- · · -_ - --_ . •·· · 
. . 

\ ,: . . . . .· . . ' . . . : ,• ·, '- ,_ .. _,· . ·' .. 

0"5 = · . Standard-deviation. associated with a given · 
- .fractional sample: size and roughness level. 1 . . . ' . 

. . . ' 

Standard dev.iat4.0ri associated with instrument 
. ~recision at a given roughr,ess levei. . · . :.~. . . , . 
.. I 

.! 
i 

- . 

*The described "sampling" '~rror is a· ref1ecticm Qf the variability 
of the product. (i.e. ,:longitudinal and transverse roughness variation) 
as we11 as the sampling t~c~niqueitself. The particular variation 
illustrated in Figure 26 is for 25 percent testing (Le., a single 
stra1 ghtedge pass over twq 1 anes). Basecl on more limited data, the 
variation introduced by SQ%· sampling app~,ars to be about half that 

_ of 25 percent samp 1 i ng .:_ 1hus ,. •the samp 1 fng error expected from a . 
single pass over a pavement laid in a single lane win be about half --

. -. __ that for the same producti1on pl aced. in two 1 anes. -·• • 

i 
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In the present application, the preceding total straightedge 
', 

process. variation wi 11 reflect on the acceptance pl an as an uncertainty 

in differentiating betweeri any given quality. levels. This uncertainty 

in turn requires that the 1

1acceptance scheme be so constructed as to 
• . 1 • 

minimize risks such as wrongly accepting pavements of poor rideability 
I 

. or rejecting those of good riding quality. 

Figure 27 illustrates the expected (normal) distribution of 

defective length measurements resulting from a single pass over. 

concrete pavernents respect~vely having riding quality corresponding 

exactly to the three standards of acceptability: · acceptable, marginally 

acceptable, and totally unacceptable. As shown in this figure, a 
! . 

number of possibilities ex,st as to the exact value of defective 

length to be used as the onset of penalties. For example, if it 

were decided to never penaJize acceptable work, a defective length of 
' 

6 percent could be adopt~dias the no penalty demarcation. If this 
I 

were done, however, a large proportion of test results from marginally 

acceptable pavement would escape penalties. Similarly, adopting 

4 percent defective as the 'onset of penalties would always penalize 

a pavement of margi na 1 quality, but would a 1 so pena 1i ze too great a 

fraction of test results fr,om acceptable pavement. Si nee the distribution 

of test results from acceptable and marginally acceptable. work overlap, 

and are thus indistinguishable, there is no way of eliminating at 

least some risk to the State {i.e., accepting marginal quality) or 

Contractor (1.e., penalizing acceptable work) using a 25 percent 

sampling fraction. As a consequence9 a commonly used policy for 
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FIGURE 27: EXPECTED DISTRIBUTION OF STRAIGHTEDGE TEST RESULTS ON CONCRETE 
. PAVEMENTS OF VARIOUS RIDING QUALITY LEVELS (BASIS: 25% TESTING) 
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/ 

proportioning such risks' -- setting the consumer and producer risks 
1 

at an equal (low) level -- is adopted here. Applying this philosophy 
• ,, ••• • : , • , I • \ .• ' , . ', • , • ' '. 

to the initial acceptance level leads to the choice of 5 percent 
. . ' 1 . . . 

defective asthe onset of penalties for concrete pavements. ·At 

this. level, the producer's and consumer's risks wfll both be at 

1 percent_;. that is, acceptable pavement will have only a negligible 
' , . , 

· (l percent) risk of having a penalty assessed, whi .. 1e there is an 
' ' ' 

qyerwhelm1ng probability: (99%) that a marginally acceptable pavement 

wi 11 be subjected to a payment reduction. 
. . , . 

Measurement uncertainty obviously should also be taken into 

account in providing for penalty graduations in the acceptance plan. 

For example, a pavement whoserideability coincides .exactly with the 

"totally unacceptable11 quality leve.1 has an equal chance of any single 

test value being above or belbw the true value .. To insure that an 

unacceptable pavement wH1 receive at least a moderately severe · 
. ,. . -

penalty, it 1s necessaryito add a penalty range that will include 
. . _., :- , ·I . , .. '<_-___ . , 

the portion 9f the test distributfan to the left o.f the remove/replace 
. . . 

Hmlt {Distance IIB 11 in Fi'gure 27). If this distance is chosen as 

3 percent defective (20'7 ): then concrete pavement with an actual 

percent defective.of 14% will have about a 98 percent chance of 

receiving at least a mode'rately severe penalty. The suggested · 

moderate penalty range thus extends from the 14 percent defective 

level down to the 11 percent level. 

-117-
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Since percent defective length is a continuous f.u .. nction, 
' . ', 

there are innumerable test distributions such as,Flgure 2i that 

could be prepared, and thus innum~rable penalty rtsk$ that coulcl 

be ca 1 culated. A more convenient way of showing the risks associated. 

with a sampling pl an is to plot a curve known .as the !'operating 

characteristi<:I' of that test procedure and sampling plan. This 
' 

curve shows for any particular level of.percentdefec-tive in test 
. . ,./ , '·.. .". '' .-.::-_ -_ ·,_;,. ,• '_ ' 

samples whatp~rcentof the samples,Will be acc~ptei,{or r~jected) 

by this inspection plan. · In this work, this. per,Cerrt;age is expressed 

as the. llprobability of the<spec::ified penalty beJng appli~d. 11 Thus 

a value of 70 percent means that,on the average, in 70 out of lOO . . '. ·.: /--· . - .. - · .. ' . . ' . ,' . ,:, ' '. . . . . ·-. -· .. , ·. ·_- ,• ,• ' , 

· cases, a' pavement of the giVen defective lengthwi11 be,;xpeCted . 
. ' ; ,. '. . ·: : ., , ' .-_ . . -_ ·•- . . , ,-, --- ' \. ' . ' ' . 

. to. receive apenal ty. Conversely, ,in 3Qoyt o:f,1OO •. cases, 

penalty(or a lesser p~naltY). lsexpe~ted~ 
' ·' . ' ,, .. ., . ' 

Figure 28 s.hows the operating charact~ristic. Curves' for 25. 

percent sampling _on concrete. The existence of a family of curves· 
. . . 

is a reflection of the facf that when a gra~uate.d per,aJty scale is 

employed, ft is necessary to determine the r~latfve risks of various 
. ' 

levels of penalti~s bein9 applied. <Jo.r example, whe~ 5 percent 

defective is used as the onset of penalties, there is .about an 

80* percent proba~tlity that apavement which is actua11.t6percent 

defective will receive a slight pena J:tY, and a 20 percent probability . · · 

that it wi 11 receive no penalty. A pavement Of bor~.erlfne 11Poorll 

*Again, ft is to be noted. that these risks are for 25 percent sampling. 
If single lane construction is tested, measurementdispersi:on ~·ill . 
decrease and the risks to both state and contractor will decrease. · \ 

\ 
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FIGURE 28: OPERATING CHARACTERISTIC CURVES FOR 25 PERCENT 
STRAIGHTEDGE SAMPLI N-G _ OF CONCRETE PAVEMENT 
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':, '· . 

riding qua 1 i ty ~r .worse { 8. 0 · percert defect-i ve or mOJ"e) ~iUl always 
i' 

.· .. . :b~ expected· toire:ceive- some. penalt.f, but ther{';s ~·. very smal1., 
·.:·., .. ,:•r· ,.,,. .. 

chance 'that sud,' ·a margfnal ly' acceptable pavement will rec,eive a: . 

. moderate penalty~ Th.e chances of . receiving. ,a mode rat;, per,a lty . . . ' . ' ' ' . 

are not 50-50 LHlti 1 '11 pel'.'cent defective H reached {co~responding 
. ' • i' ,' . ', . . .. •. '' ' ' . . ., 

· average riding quality: .10 inche.s/m:i)e into, ."Poor'-'). 

·.· the· c!liocation of risks ~ecessary to:set<acceptance limits . . . . . .. ,, ' ;. ·-. . . . . . . . .. . ', . 

on ,bituminous pavement is more ~ifficuJt tha~· tn thf cas~''.;~f concrete, •.. 

·. due to the greater relativ,e' rQughness.'contri~~tion <of :straightedge .. 

defects on bituini~ous ·pavement •. That is~: only l.25 pe'.~c~r1t'"defecfi..v~. 
• . • ·, ". .• • .. • • • . •.. , -.: • : . • • ,; ,- • • ' a • · ... _,. ,_: .. '.'; 

separates acceptable and m~rgi J'la 1 ly accept,abl e ~; tumi nous pavement. 

'' (0~75 and 2~0 ~ercent ~efectfve)' while the difference between ·,, 

• th~se··sam~ quali'ty limits is four t~:mes \a~ger 0~ concrete {:3.o to_ 

·a.O percent-d~fectfve). As a c~nsetjuence:~·measurerilentS: betWf?~n d:ifferent 
:quality levels' orf bftumi ndu's paverrierit are fess di stingtishab:l.e·than .·.· ·. ' ' 

-- , ·. . :. . " . ! ·... ·_ ·: .,__ .... ' . . . .. . . · .. i- . -·, . .- -~ -· ·:. .. . .. ·. 

. on concrete (t~ e. ,. the di st11i buti on of ;test.: re~ults. qv~rl ~P inO~ft · 

:'tha~ •;t poi-~t 11A11 ;·~.\;•~;~re 27;):·a~d :~he ;·1,:1e~'-~on·s~rnera,rid:f)~~-u1cef. 

r;sks increase, . Whi 1.e the$e riskS coul ii' l>e s<\f i!lu.•J; 1:~;,iwoJ1d··1,;, . . 
qutte high .. Reduction of measurement dispe:rs'.fon and assoctate.d · 

: . -~ -~- . . . . . ·. ,. · .. , .. , . ··• '.• ··· .. -. 

risks reqoi r-es that in some<c,ases; addftional tests must be 'CO~ducted on 
bttuminous pavement.·· ... TMs ~ed~ction· a:ccrue,s-.f~om the··:fa~f~ih:~t,'.'tne ' ' 

• • • • •• :· • • ' • ',. • • • • • • • • • ..,; , ··1 -., ' ·- ·- ' • , 
,A>),fl O > .. ~• 

standard deyi ati on: of thE! ;avera1ge of two test: meas~·rements will be; •· 
about 70 percent of that for a singl·e Jest*; ·: A sequen~iaf te~tfog 
*In genera-It . •·. . .·. ' ·. . •, . I 

, (jT 
er-. -" .. X N. 

Where: <1x =. :standard error.= -standard deviation of th~ .~vehige : 
· · ·of a sample of.N tests · .· 

Cir = st,andard deviation 
·· N ·· ·· i= .... number, of tests .·· 

.. 



procedure, involving the use of a retest when the first test fails 
I 

to indicate acceptable pavement, is considered the most efficient 

means of increasing the te;sti ng work 1 oad. 

Figure 29 presents operating characteristic curves for the 
i, 

testing of bitumfnous pavetnent~ As shown, if an acceptance limit 
I of one percent defective i~ employed for a single test, there would 

be about an 8 percent chance that a marginally acceptable bituminous 

pavement (2 percent defective) could escape detection and thus 

pena.1ti es. While this is Judged to be a reasonab 1 e risk for the 

state~ itwould be unfair to penalize based on a si.ngle test since 

there is about a 30.percent probability that a single measurement 

from a truly acceptable pavement (0.75 percent defective) would be 

penal fzed .. lf, however, a second test fs made and averaged with 

·the first, use of 1.3 percent defective as the onset of penalties 
' !' 

would provide balanced .(8%): State and Contractor risks. The basic 

acceptance p 1 an for bi tumi n!ous pavement can thus be formulated into 

two rules: 
! 

Rule one: Routinely perform a single straightedge test. If 

the indicated percent(defective is one percent or less, accept 

the pavement; if more 1 than one percent, perform a se'cond test* .• 
I 

' . ' 

Rule two: If the average of the two tests is 1.3 percent 
! 

defective or less, accept; if. more than l.3 percent defective, 

apply a slight penalty. 
• ! 

. • ! .•. 

*This retest should be a replicate in the statistical sense, not a 
duplicate. That is, the initial and intermediate transverse location 
of the test run should again be determined randomly before the 
testing is repeated. - · 
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FIGURE 29: OPERATING CHARACTERISTIC CURVES ILLUSTRATING 
CRITERIA FOR THE ONSET OF PENALTIES ON 
SITU MI NOUS PAVEMENT 
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As in the case of concrete pavement, an additional (moderately 
i . ' .. 

severe) penalty range is proposed for bituminous pavement as insurance 

against totally unacceptable work receiving only a slight penalty. 
. . . . 

The use of 2.3 percent defective as the onset of this moderate 
' 

penalty will limit the State 1 s risk of accepting poor rideability 

without at least a modera~e penalty to .about a 3 percent chance • 

. Operating characteri(StiC curves for 50* percent sampling of 

bitum.inous pavement are shown in Figure 30. The principal difference 
I . • 

in risks between concrete 1,and bituminous pavements 'is that a bituminous 

pavement having a borderli,ne "Fair/Poor". riding quality has about a 

25 percent chance of receiving a moderate penalty, whereas a concrete 

pavement of this same quarity level has a negligible chance of 

· receiving a moderate penality. These differences in contractor risks 

are, price again, the result .of differences between .the surface 
) 

characteristics of the two, pavement types (i.e., the "spread" of 

defective length between a!'ly<given quali 1:y 1 eve ls) .. This relatively 
. ' 

greater contractor risk wiJl be mitigated by making the consequences 
' 

.. of a moderate penalty· (i~e., the indicated paymentredliction)' less 

for bituminous pavement than for concrete. 
' At least certain of the described acceptance limits appear 

to be quite lenient. For'~xample, .a co\ncrete pavement having a 
' . defective length of l1 percent has only' a 50 percent chance of 

receiving a moderate penalty~ Translated into terms of the actual 

*In this instance, 50 percent sampling means replication of the 
25 percent sampling and aieraging of the results. 
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FIGURE 30> OPERATING CHAHACTERISTJC CURVES FOR 50 PERCENT 
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physical condition of the pavement, this means that the State is 
. . . . 

·willing to accept that in half of all cases; only a slight penalty 

will be applied to a concrete pavement which on the average has 

one foot in each ten feet exceed, ng our specification. As a 

matter of practical necessity, however, it appears Uke1y that . . 

the acceptance plan will have to be modified in a manner which 

will serve to further increase the leniency of the plan. That is, 
·.• 

it appears reasonable that at least initially, all pavements whose 
' ' 

defective length equals or exceeds the remove/replace limit wi.11 

have to be subjected to 100*.percent testing (i.e., the full length 

of each lane and wheel path). By performing only fractional testing.·. 

below the remove/replace limit and complete testing above the limit, 

acceptance risks will be shifted in favor of the Corytractor. That 

is, certain pavements which are actually totally unacceptable will 

have test re.sults that fail below the remove/replace limit when 

fractional testing is employed and will at most be subjected to a 

moderate penalty,. On the other hand, 100 percent testing above 

the 1imit .. wi11 reduce measurement dispersion and.thus will insure 

that the severe penalty is applied to pavements which are, indeed, 

grossly rough. 

Figure 31 presents operating characteristic curves showing 

*In the case of this 100 percent testing, the first test result 
is not averaged with subsequent tests .. The first test is used 

,only as an indication of the need for complete testin,g. The 
procedure for 100 percent testing is to simply make a full 
length run along .each wheelpath ... 
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FIGURE 31: OPERATING CHARACTERISTIC CURVES FOR 100 % 
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the specific extent to which a difference in sample fraction 
. ,• 

between values above and ]below the severe penalty limit will . . 
. . 

shift State and Contractqr rfsk.s •. Note, for example~ that a 

pavement of either type ~hich falls exactly on the remove/replace 

limitwill have only a 2~ percent chance of being severely penalized 

rather than the usual (and more equitable) 50 percent chance. This 
' . 

arises from the fact that since the Contractor's risk of being 

penalized at each of the !first and subsequent tests is 50 percent, 
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his combined risk is the lproduct of the two risks (i.e., 0.5x0.5 = 0.25). 
i 

[An analogytothis situa~ionwould be to allow the loser of a coin 
. I , 

toss to call the first tossllpractice".] Further, observe that 

whi 1 e a concrete pavement having roughness one defective 1 ength .unit . 

below the severe uenalty Jimit has essentially no chance of being severely 

penalized, a pavement an equal amount above the 1 i mit does not 

have the equivalent (full)risk of being penalized (actually, 70 
, I - • 

percentL A similar situation exists on bituminous pavement. 
I . 

5.2.4. Assigning.Monetary Penalties to the Specification Acceptance 
I . . . . . , . 

Plan: It is obviously a delicate task to assign a dollar value to a 
i 

quality as subjective as :rideability in general, and thus to assign 

specific monetary penaltfes for deficiencies in particular. 

In making these value judgements, the writer isprincipa1ly 
I 

guided by a pMlosophy that New Jersey smoothnes.s provisions should· 

at least initially be leniient. That is, while the adoption of an 

enforced riding quality specification might be expected to stimulate 
• I • . • • 

contr.actor performance to some extent, the needed ri deabfl i ty 
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improvement of our pavements (particularly concrete) can reasonably 
- .· . '. \'. 

be expected .to o.ccur only gradually.· Thus, it is felt that the first 

· step in a planned improvement is the adoption of a specification with 
" ' ' ,,. ·, . ' 

realistic acc1:1ptance limits bufwith lenient pen~lties. At some 

reasonable, f1 ,ced future date, the associated monetary penaltieswoul d 

be 'stiffened to be more consistent \'~ith the quality of workmanship 

desired. . . 

As a further, point of. philosophy, however, it is the writer's 

opinion that the principle of leniency should apply only to those• 

pavements of moderate roughness, not to totally reJectable pavements 

(i.e., values beyond the remove/replace point). At a. minimum, any 
' . . . 

penalty provfs ions should preclude acceptance of gros~ly rough surfaces .. 

As has been described, the acceptance procedure wi 11 ensure thclt these 

severely penalized .pavements are t~uly of unacceptable quality and in 

fact, will allow certain of them to escape with only a moderate penalty. 

The basfs of payment for future New Jersey concrete pavements and 

thus the basis for the indicated penalties will continue to be the pavement 

a.rea in square yards. It is important to note, however, that in the· 

near future, the basis of payment for our bituminous pavements will 

be.markedly changed. That is,the Department 1S specifications group 

has elected to substitute a single.(tonnage) payment item.,,- ltHot,-mix 

bituminous pavement __ ...... inches thick*" -- for the present individual 

*For new construction, a total thickness of 9 or/ll inches is commonly 
employed. 

I 
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~base,binder and top) co~rse payment items. This specificatfon 

change thus precludes ass~ssing penalties on the surface course and 
. I 

I . . . . . . 

. instead requires that rigiid and fle.xible pavement penalties be levied . . I I . . . . . 
On the same basis: the total quantity of paving roaterial furnished. 

. I . 
· The· proposed adjust~d payment schedules for surface smoothness 

I . , , 

are shown in Tabl~ 14. T~ble 15 is a -schedule of tests showing • . . .. I . . . . . . 
' 

Whether the indicatedpayll)erit is to be made or if the pavement is 
. I 

to be subjected to furthe~ tests. If the.proposed specifications 
I . 
a· 

are adopted~ the desirabiliity of performin9 more tests than the 
~• I 

i 

minimum listed in Table 15 and the consequences of performing • . . . ·. . I •·•·· . . . •· 
: . .·. ·• .· ·. I . ·.. . 

ad~.itional tests only on Contractor request shoul~ be emphasized 

to State f{e.1 d personnel : , 
. . . 

While there will be not distinct pay item for surface course 
... · ..... •· . 1· ..• . . .. ·. ·. . . . . . ···.•. . . . . 

-on future Mew Jersey projects, the payment reduction alternate to.• 
- . .· - ., ! , 

pavement removal and replacement indicated in Table 14 is predicated 
,. i ' . 

on completely rejecting surface course having very poor rideabflity. 

That is' the amount of th; red~ced payment is approximately in the 

ratio of the usual surfacJcoursethic:kness to.the common total 

pavement thickness (i.e., l.;1 /211 :911}. Thus, the moSt severe payment 
. . . . ·. ·. ·... . .· ·•.•. . . : . .· ... ·· . ·.·· .•.• . ·... ·. .· ·.. · ... ·. 

r:eduction might be expected to at least generally correspond toJhe 
. . . . ' 

dollar value Qf the surface course removal/replacemenf ~lternate. 
' . ' . . . 

· An identical 20 percent payment reduction is appl,ed to concrete .. ,.. ' ' ' ! 

pavement which similarly ffias totally reJectable riding quality. 
i 
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:tABLE · 14: · 

.. Proposed Bi"~ Price. Adj~stment Sche~ules .· ·. 
: for P.aveinent Smoothness .· ·. · 

· '·.· ·Schedule- A: Bituminous Schedule B:Concrete 

. .·. Lot 
Percent Defective . Percent 
. Length ; :. ·· · · .. • ... •··. Payment 

0 - i .i 
l.4 - 2.3 . 

.. 2. 4 --~ :f.4 ··•···· 
3.5 or more 

i • 

··._ 100% 

98 
. - ·. ··. 95_ ·. 

- . . . . 

. · R~1110-ve anc:i • • · 
•-·. replace or 

. 80%. 

·._ Lot 
Percent Defee ti ve . 

: 'length .-.. •· 

· ··•_·· · o - ·s!O 
5.l'-11.0··•· 

11.1 - J:L9 
. . . .' . -~ 

14 .0 ·o_r more · · 

TABLE 15{ .· 

_ .·Proposed Smoothness Acc.eptance ·.· · 
Testing ~che.dules. ' .• · 

' :·~· . . . . . 

• Bi tumi no~~ · ··. . . .,. ' Concrete· 
. ._- _ .. 

Percent 
· 'Payn,~nt .. · 

·•· 100% .. 

gg·. 

90 
'Remove. and 
·replace or . ·so%· .. 

. . 
Lot.Percent 

. test . Defec'tive 
Basis. • -· . ~ength . 

_ .... ·Payment . 
or Retest· 
Require-
ment, · 

Test-
Basis .. • 

. ·•, :to~ Perc•ent 
. Defective . 

.· Lenqth • ·. "':'" . 

Payment 
or Retest 
Require-

, .ment 
. o .to LO Pay Hl0% o to 13 g Pay as Per . Sf ng le .. . . •· · Single · · · · .· · · ·· · · Schedu·1 e B 

Strc)ightedge ·:Ll to 3.4 · 2en'~ Toerms·t· · S:traightedge 
test · · u Tes"t· ·. · · 14 or more· 

. -~. 

Average of 
Two Tests 

Average of 
Straightedge 
Tests Cln Eact, .· 

~heelpath 

3~5._or more 

Oto 3.4. 
. . . 

3 5 Or .··.m·ore·· es • · · · · ·-·w1.,; 1 · • .. · · · · .·. 11ee 

A l1 P,ay as Per .. 
Values· Schedule A 

. ... 

Average of • 
Straightedge. •· .. :A.ll .• 
Test on tac:h · ·Values · 
.. Wheel ath 

Pay as Per 
Schedule B 
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.• 5.,•2"'5· ... ,: S,imulation .. of the Proposed Smooth'ness Provisions: While 

leniency has been employed at each.stage ·of development of the 

proposed specifications, jt is apparent that the probable impact of 

these·provisfons --' the relative frequency and severity of expected 

penalties -- must 1be specifically investigated. This investigation 

will essential 1.Y be a 11 reasonabl eness check 11 to determine whether . 

the proposed smoothness specification can be adopted immediately 

and intact or whether modifications in the specified acceptance 

limits and/or associated penalties are req~ired. 

On concrete pavement, this reasonableness check wil 1 consist 
i 

of a simulation of the proposed specification to historical data 
' for New Jersey paving projects. On bituminous pavement, additional 
I 

comparisons will be made to the smoothness specifications and 
·. . I 

straightedge data of othe1 agencies. 

Table 16shows the ~roposed schedule of bid price adjustments 
' ' 

for New Jersey bituminous: pavements compared to that of. speci fi cations 
24 endorsed and recommended for use by the. FHWA . 

. 24sol 1; ng, D. Y. and Weingarten, H. 11 Improved Quality Assurance of 
Bituminous Pavement: New Jersey Report", FHWA Region 15, Appendix 1: 
FHWA Bituminous Pavement Gui de Sped fi cation ( January 1973) . 

\ 
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TABLE 16: 

Comparison of FHWA and New Jersey Bituminous 
· Pavement Smoothness Acceptance Plans 

FHWA .NEW JERSEY 

Percent Percent Percent Percent 
Defective Payment Defective Payment 
Length Len th 

0 - 1.oa 100% - 0 .. 1.3 100% 

l.4 - 2.3 98 
1.1 - 3.5 95 

2.4 - 3.4 95 
\/ 

over replace 3.5 replace 
3.5 Qr or or 

40% .more 80% 

arest basis: a single full-length straightedge run 
· bAccept_l.O percent defective on single test; penalize 
· onbas1s of at least two full-length tests •. 

As shown, there is essentially no difference 1n the acceptable 
1. .· . . \ . 

and totally rejechble quality levels bet~een these two acceptance 

pl ans. · Two re 1 ati vely mi nor di fference.s arise from the fact that 

the New Jersey proposal provides for multiple tests to minimize 

penalty risks and a penalty graduation (in part) designed to reflect 

differences in the degree of unacceptability of the pavement. A 

more fundamental difference is that . the FHWA payment reductions 

are based on the tonnage of surface course, whereas the proposed 

New Jersey payment t"eductions a·re levied on the tonnage of the 

total thickness. 
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• 

. . . : ,· . 
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. In summary, the·.·.netieffec;tof· dii;eY-enceS.'Jn. the percen~age .··· · 
,. '. . : . .. . . . ,. . ' 
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',.. payment reduction and pay\ item between the two specifications is .that ! ' 
. . . . . l,. , . . .. ,_ . , . . - . 

·. : ·. . - . :._ . .. . .. -. . .: ·... . .. : - ,- / ·. ' . . ,;• . . . . . . . . ., . . . . ·. .. ... ' ,· . . ., 

the •New Jersey specification wfll re·sult in a .more severe dolic1r 
• • I • 

. · reduction: for ~- g1 VI!~: degree; of urtacceptabi li ty. ·. Howev~r; as wn l be 
. . ,_ ' . i : 

.. shown by example, the greater payment. reductions of the specification 
'• - . ., . . . .·. ·: . ·. .. . · .. - '· . . .. - . 

. . proposed f~~- ·01.n~-. State 'are: believed wart"anted 'since the' maximum dollar .. 

value of ~WApena1ties.f6r:,,an.t smoothness quaHty i~v~tother:.than.' 

totanY rejettable are very nomina.l.More specifically,,: let us a~sume 

• that three· "typical~· 4 mH e 1 ong • ;4 lane bituminous projects are so 
. ' .'_··., .. ', .· .' ' ',•' .:·' .... _ : ' :_··, ·.'... ' ' ' ' ·,· .. '·.,_ 

constructed that each dayis production o.f surface course on these .. 

. projects ~speetively corre.spond Jo: "F~ir to .Poor•i. HPoor". and , ' ,,/ 
·.·· . . . . . . ·. .. . . · I .•........ ·.·. ·• ··•·· . ·•. . . . . . ... 

"Very Poor" rideab11ity. "s ·might be e,<pected, the occurrence of such 

·.· a unlferm projett rideabilitf, particu1ar-1y:"Poor" or worse, is· an: 

extreme case that might be expected to1 ,occur infrequently (actual.· 

·frequencyof:sucb;straightedge data·1n New Jersey: 11oneh Table 1f 
shows the respective penaltie~ that.-would.apply ifeach of th~se projects 

' . . . 

were .govern.ed b}' the FHWA; ~nd: New ·Jersey ':smoothness Specif1 cat1.ons. · . . . . . 

TABLE 17 

.· ·. •. -Comp~ratfve ~imulation of FHWA and New Jersey . ··: . · 
Bituminous Pavement Smoothness Penalties,toProjec:ts · 

.· ·. of Various Riding Quality levels · · · 
(Basis:· · $12- per tot;t bid for 9,300 tons of·.sur'face co~~se 

· .. ·· and 56,000 total_ mainline tons) · ·· · · 

Typi.ca1 · ·total Project Penalty 
. Defective . ..,. .. -"---......... -"-----.----........ ------1 

Project 
. Ridi.ng. 
·· Qu,ili.ty Length · · .. FHWA •·New-Jersey · 

Penalty .· 

.• "A" 

"8'' 

.... "CII 

Fair to. 
·Poor 

Poor 

Very 
·.: PoQr 

2% 

.. more 
·. than 

:,.5% ' '. 

.· Pen~lty 

$5,700 

. Replace at 
cost 'X 
· or. 

.. $67,000 . 
Reduct, on . · ' 

$l3,4oo 

. $33.,400 

Repl ~ce • at .. · 
same cost·X 

.. or. 
$140,000 . 1. 
~Reduct1 on .·· 

\ 
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As shown, a Contractor working under either set of 

smoothness provisions would suffer a very drastic penalty if 

his process were so out of control that the extreme case 

occurred: every daYis work is grossly rough. On the other 

hand, the penalty associated with providing pavementof 
. . 

any quality level better than "Very Poorl' would be very· 

modest according to the FHWA proposal. The consequences of 

giving us all poor rideabil ity ($5,700) or half poor ($2,850) -. . ... -- · .. 

would, for example, be of substantially less impact on the 

contractor than providing the yearly wages of one laborer on 

the job. While leniency fs sought in the New Jersey 

specification, it is the writer's opinion that the specification 

should not only motivate the contractor to·avoid providing the 

state with totally rejectable pavement, but should also yield 

a penalty to some extentcommersuate with the degree of 

success in eliminating marginally acceptable work. Thus, 
. . 

it is concluded that a modification of the percent payment 

reduction of the New Jersey specifjcation to be more in line 

with the FHWA specification would not be desirable. 
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· r.;;., __ :'.,1(' 1;,:, jud~eme~ts· ~~cessary ___ ~o d~rel,op. the· ~c~~pt~_nc~ range~ _of .th~ _described 
'I,· .. , . ,,:· . ·:: · .. •. .. ··. .... . . . .· ,- .-_._..,. '·:_ .. . . . '< ... , ... _.· .... ,, . ··•·., . . 

· New Jersey' and FHWA sn,oothtiess spec.ifi cation were apparently; based on . 
. ·•:·· C,•,.,,.,·.· '•. ,-_i: .. : >' :::, :,:[:co,·, ii_"·. .· ' ,•J> ,·: ·; ' °, ?< /. ;' • .. •: . ". < ... . : 

. different. consi·derations : .. the roughometer-"r<>l 1 ing·:str~ightedge correlation 
ir<· ::- .. '.·.,. . ... ~.-~- ,,. ,~- ·. ,. ,. ,,. ; ..•. ,· '." (- ,-~~-' . 

. · in the case of:<New_Jersey:!andthe: actual level ~f :riding.·quality> 
' ·•; .< ' ·•. . .. ', . I .......... ··.: • • •• , ·._".,:.: ·: • • ;.: ·, • •·•. -• ~: , : ,.'. ·,•{:~..:' • • ••• , ,,. ' • _'.. •,: • .... ; ,.-. : ·:.":. •: .·1 :,._;' ,··· ': •.' • 

·.· achieved fn pra-~tice i~ th~ case'of the. FHWAl? in t~r~, '1:he FHWA'a 
• , ,·;; • •• < • •• ! . _. . . . --· .. . .. - . . -:,' :: .. ' .. ·;_ . ' . , . . . . . . . .· ·t . .. . ·_·,_._. ·. 'i .. :·;, . . . . . .·. . . ; . . . 

indication of re~ults achiev~ble if! practice·was based on a multi-state.· 
•,· . .-.-:<·-., ,.-·:.'..··. -, .. >>··,·. -~-.:.-'.'.,_ , ...... ; .:·--·-~' .. ~.:.~->--:.''·:~~-~_,.·,.,"'·(· ':"_·':};,_.(·>.:,-.:' -.,·._': '1 .· ,. . 

straightedge· sampling, (partial) results of which .have been previously . 
shown in f~g~re,',22 '(p.}9J}.'_/ge:~:~,:al: i,~dicat'.ici~ 'of.the 'relative . 

' .: ·, . I ·. ·., .• · .. ;: . • . . , _, .'"- • ·. - , , u • • • ' 

. severity of the proposed New Jersey specifi~-ation can thus be obtain-ed . 
• . . .• • ·. -· I .· ·. ·. 

b_y sJ!"ulatfog the provis:io~s to ';the FHWA data sample • 
. ·' : . ·, .· .. • . ,-. · .. : . (:'·.: ·. ·: ·. ·:",,.·.· i'.,, . .. .... 

·. -- ! • TABLE '1-s . 
. . L ~--- . -

.· . . . ' .... _ ", - .. l_· . . ,: . . . . . . . ' . . • 
Simulation of :the Proposed New Jersey Bituminou"s · 
Pavement Smoothness Sped fi cation to . the Results. 

,, of an FHWA M~lti-State· D~ta Sample , . 

. . -. -· .· .. 

··· ,New Jersey Sp~cification · __ · -· Ap~roximate .. _-·. 
:, .·· :percent 

Oefe,ctive 
• length, ; : · 

. : : Percent ... . 

Percentage-of 
FHWA .. Data in . 
· · Cate~ory. . ·. · · 

-j. :'Pa~nt, .. " ... ·•-

I . 
98 

;r~place ,or. 
: 80% ' · 

25 , . .. . .··· '. ;, < .. i,> •. < .,· ....... >' . < ; . ,· .. · ... · ... , ; .. 
. Since some· of the features of the' FflWA Guide Specification were · 

· ,_.patterned after.work condudtedJ>y ,th1rS.tat~.oflouisfana, that .. :.·. 
State's bituminous· sm9othness speeif'r,cation is of some ,interest. 
In a 1972 issue of "Paving ,Forum", Verdi Adam indjcates use of the · 

•- fo11~ing provisions in l.o~isiana: .. , ., , · ·. 
. . . . . . 

·•·Percent Defective-
Length · 

,. Percent Payment · 
. (Surfa·ce Course) 

0 - 1.0 

95% 

.,. • .. 

2.6 · 
or more 

replac.~ or 50% 
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. I . 

As shown in Table 18il a low incidence· andseveri:tY of penalties 

. results.from applfcation ()f the:proposed s·pecific;tior, -~o _the FHWA's . 
sixteen-state data sample. · No penalty is indicated for ·nearly 90 

, . - . . •. . . . • ·c-" . . . . , . 

percent of the da.ta for other states,with the penalized sec:ttons 
. ·.?:. . . 

being about equally_ divided between 'slight/moderate 'and severe. 
. . . , ,• . .·· .· '. ·. . .· . . ." ,. -: . ; .. ,-., . 

Table 19 presents a: simulation of the proposed 'smoothness 
. . , ' ·- . . ·: ;·~- ·: ·• . ' . ., : ; . - . 

provisions to • {s · bituminous project~_· cons_truc~ed: in this_ State.: ... __ ::• 

As indi cat.ed /;abotit 60 p~rcent of the New Jersey ·:straightedge data·-

would have. no associated penalty; while the'slightand moderate 
. : . , ' ·. . . ' ' •' '· : ·: :-.. . · ,. ··. ' , 

penalties oc:cur_ with- ~qual frequency (14%). A sev~,re penalty would 

be applied to• 'abc,utl:o percent of 'this data Silmp 1 e, with half of the . 

severe penaltfes occuring on one job''(the 1~$0, JM thick.;,lift project) •. -

The mean proJect;parment is
1
97.3_perc::ent. 

. ' ,,. .. ·, ' . . . ' . ,· ·.: , 

•• ' • • : .- • • • > -. • •• •• • • •• • :· ·: • • ~.. : • ._· • ,' • ".. • - , .- ' ' ••• 

ItiS'importanttonote tha:t there are a numberof.-reasons why 
' •• - . • •.I . • . • • • 

the indicated expected frequency and seve.rH:y: of. penalties: indicated . ' . ,· . . . ·. . . . ... - . . . .. . . . . . 

in Table 19 niay'·be Qverly pessimistic. 
. .. . ' . . . . ' .. . ·~· 

... First, it is. to be,>realit~d ,fh~t the simulation was performed 

on an historical sample. Thus~ since' cha,nges.•in 'the specified methods 

of construction h~ve occurred during the p~r.iod of j;tudy, certain of . ·. ·.'· . ' .··,. ' -· '' ,-··· .. . .·. , ,, ·- .. ,··-··.. · .. ;· •', . , '. ' .. 
I 

•. the listed projects a·re undoubtedly not: typical of: our present work. · 

For example, if we. ~on~t:der only those pri;Jc:cts const~u~ted using the. 
. . . ' . . . . ' .. . . . ' . . ' · .. 

'(pre~ently required).·automated paver controls, ~sserit1aHy. complete 

payment (99.6_percent or~ore)-.is indicated fcir 7\-of 10 projects,<· 
. . . . . . ·. . ' . ·. ·'' . -. . . 

one ea~h would rec,,ive a. 2% and 3.5% ·payment ~eduction~ ·~hile only the 
.· : -.·. ' . : ... ' '\' ·. ·; . . . . .- ....... " .· . ' '. 

l-80~.- 1M project would reeeive a, sub'.stantfal Jl0%) <>ver.all paymenf 

reduction. 

' . I 

I 
.!' 
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,Route 
and Year Open 

Section To Traffic 

N.J. 55, 7F&8A ,' 1973 
l-'287; 7D-9G 1973 I• 

I 

I-280, lB-SP · 1973 
---·---- ~--- -----"- - _______,__ ___ --

. l-80, ll 1972 
N.J. 55, 6F&7E 1972 
I-195, 2A&3A '···· 1972 . \ 

1--195, 3B&4A .•· · "1972 
,: ,·,, 

l-195, 4B 1972 ' 

I"."78, 4F&4G ' 1971 
. 

l'--8O, 1M l971 I. 

1-78, 4J ... 1970 
N.J. 55, 5B-78 ' 

1969 . ',.· 

. 

I-295, 1S ' 1968 
.· N .J. 72, 6A&7A 1968 
I-78, 4K ... 1966 . 

,; 

TABLE 19 

Simulation of the Proposed Penalty 

Schedu 1 e to New Jersey Bituminous. ~roJects 

Number of Sections 
FHWA Numbe,rof Receiving the 

,, .. ' 

Indicated 
Roughness Sections No 2% 5% 

,, 

-: 

Penalty 
20%. 

Rating 
' ' · .. Sampled· Penalty Penalty Penalty Penalty 

' ' 
' Good* 8 8 0 0 ,, ( 0 

Good*. 24 · · 22 
' 

0 ', ' 2 0 
-: 

Fair* ''' 20 13 3 1 3 
- -<--' 

Fair* 41'\'."I 
.J.J 19 7 6 1 

Good* 8 '· ' 
7 l 0 0 

Poor ) lO 1 1 4 4 ', ', 

..... 

Good* 9 7 2 0 0 
,· ,.,, 

Fair* 8 7 1 0 0 •. 

Fair ll 8 l 2 0 -Poor* ' . ', 27 2 4 11 lO 
Poor 12 7 4 l 0 

•· . Good* 12 12 0 0 0 
Good* 8 8 0 0 0 

''' 

Fair 7 4 1 1 1 
Poor 8 . ' 0 3 3 2 . 

'·,, 

Average Penalty Frequency 61.0% 14.6% 14.1% 10.2% ' ;· ' 

-
. . 

*Denotes projects <on- which automatic paver controls were employed _to at least some extent. 

'' 

' 
'I Percent 

Payment for 
k the Project 

100.0 
99.8. 

· __ 96.5_, ,,,, 
98.1' 

99.8 
89.8' 

', 99.6 
99.8. 

' 98.9 
·, 

L 90.3· 
·• 

98;9 
.,··,, 
1O0.0 
100.0 

96.2 
92.4 

' 
MEAN.= 97.3 

I ..... 
w 
" I 
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••. . ·,_ . .. . .> .. ... .· \ 

· . Secondly, .if the suggested, enforced ri djng quality· acceptance 

_ pro vis~ Otis ~re adop~ed for use , it might .reason ab 1 y be. expected that · 

a Contractor would tak~ ac.tion; th.at would mitigate his chances cif 

receiving a penalty~ That:fs, if ·rolling straightedges areprovfded 

on New Jersey·b·i~u~i~o~s projects~ it obvio~s~/:would'. be appropriate 
. ' . . . . . , -· ' .... 

for the Contrad:or to perfonn control testing, so 1;imed that remedial 

measures can be un~ert'aken prior tti aCceptance t~sting.: Thus·, certainly 

· __ in the case of a .severe penalty, the Contraeto~ · wou1'd ha~e to be: . --. ' . . ' . . . ·, . . '. ·, .• .. 

deficient on two counts : The work would have to. b~ totally unacceptable. 

and ~ontrol testing would have to be almost non~exisletit. · 

B~sed on the•- :preceding, . it is he·re concluded tha~' the ;adoption, of' 
' . . - . ' '· . . .. ·. .. . ' ' ; 

the proposed _bituminous pavement smoothness, specificatfon on an· immediate 

basis·· and in its entirety is both desir.able and.feasible. 
' . . 

Theent;i~e pena1tf situation f~r c~h~rete paveine~tis colored by 
I • • • ' • • 

· the .fact that New Jersey~s :rigid P,ave~.ent ~i:de~biliti re$ult:~ dofiQt .· --

compare,,favorably to the res·u1ts of other states ... Gfven :that our·.concrete 

pavements are at bt1st 11 Fair11 >and often of 11 Poo~II r-ide.ab1lity, it is apparent 
,. . .·•. . ... ·. . . 

. that. any .• specifica~iori which,at·a.minimum attempts ... to elitninate the 

··-·• - ''Poor'' smoothness catego;y will -result l~ a substantial fraction of our 
. . , '• .. ., . . . ·. .· •. . .. >. : . , . ', ,- . 

projects being penalized'..< Further, irnltke our bituminous pavements, 
. . . -· .·. . ·.· . -- .· . . ',. . . 

the~e unfortun~tely is no trend toward 1mprove(!:.results for our more 

. recent work. t'n fact, the reverse ·appe~rs true. Thus, while·adoption 

of enforced smoothness provisions mi~hf again be expe.ct;d to stimulate 
. . . . . . . ' . . 

.··. contractor. performance, there- doe __ s not appear to be at1y substantial basis . 
for optimism ~onc.erning a near~term - improve~ent in r1deability. 

~, 
1 

~l 
! 
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' -
The sampling of straightedge data obtained on the concrete pavements: 

. . '. I -- . . . . - . 
of this study is smaller than that obtained on b11uminous pavements. To 

·, . ',• • · .... : ' i .. :,_ O· .• • ' ' .. , .. •.• • •' - • : ; • • 

strengthen the.estimate of:probable concrete pavement penalties, the 
I • ' • • • • •• 
I "' • 

straightedge sample will· b~ compared to the (Hl times) l~rger sample . . . • • . . • r I ~• • • • , • • • : • ' 

of roughometer da-ta from these pavements. Such a comparison ( shown . 
. · .·. . .: ·_. . .. ,,_, .: . -:·1· • .... 1; _.· :_ ·-·,. . .. , _.· ;.". . ._: :. ·.· . 

Jn Table 20) is possible since the roughometet;.;straightedge correlation . 

·. permits roughometer data t~ be converted to a roughness equivalent in · .. - . ' - , . - ·. _·. ·. .:i' · .1-. _. . _·. :, .. · .. - ·- ·. ,.., · '- -· ,_ . - ', · _ .· _· 
terms of straightedge defe~ts. 

1 

I •. 1 

I 

1.· 

I 
,· ·.) · ..... : ··_., ;_: ·.:·· .· 

TABLE. 20 

. · Simi.ilati on o.f the Proposed Concrete· -· 
_ _ . Pa,i'ement Sm~othness_ Sped fi cation _· _ - ··.·• 

_to the ,Overall Qistribution.of New:Jersey Roughness Data 
/ . - . . . . 

i' 
_ Proposed. Penalty Schedµ1e _ 

Percent -
Defective ' 

·s.1-11.0 

ll.1 - 13.9 

14 or more_ ·· 

.... P~rcent · · 
· Payment · 

:· ., .... : 

1:00,: . 
. ,. 

i 

R~pl acu · or ... _aoi:· 

-· Percent of Tested. 
Quarter Miles in Category-

. , - .· , 

Straightedge .· - . RotighQmeter Data 
· ··· Data · · Equlva 1 ent 

'47.9 4l.4 .. 

· 13.3 

8.3 14.3 
. :; ......,, __ ~_;..;..;..__., __ --l-_....;.l,,~......µ___,. .......... ___,....;...~-.;__1-.....,;..~---....... ----I 

· Average -Percent Payment : 
:for Indicated Dait.a .96% . 95%' 
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As indicated in Table :20, the ·overall distribution of test .. 

data· frotn. :both roughnes·s meas'urement·de\iices are in• close agreement. · 

.· Both types o:f data lndicate that 'if the distribution of ·roughness 

results on ruture concr,ete pavements conformed to the historical .. 

average for New Je·rsey,. about three..:.fourths _of'the tested sections of 

pave_ment woul dr~ceive ~o penalty or a slight p~n_alty, whi l~ the 

remaini:ng one-fourth would receive a moderat~ or severe penalty~ A 

corresponding average pc1yment redu~tion of 4 to 5 percent is indicated. 

A simuJation ,of the propo~ed concrete s~oothnes~ specification 

. to historical data for ls individual p~oject~ is shown in Table ,21. 
' ' ' 

·Based on this data; -the maximum penalty for the individual sections of 
. . . . . . 

· about 40 perc~nt of the ,projects ias · 2 percent, while a maximum 10 percent .. 

penalty is i ndi c~ted for another 40 pe.~~ent. About 20 percent of the 

· projects have at 1 east some section$" on- wMcli a severe pena 1 ty would be 

•l:e~.ied. · rn terms of rideability, this sample 'foclicates 'that a future 

pai/em~nt of Ufair'1 ri deahil i tymight a't most be expecte~ to .receive 

a 2 percent average penalti, with,esse0Ual1; complete: payment (98.9%} 

bei:ng i ndi ca ted f~~. the aver,age II Fai'r11 work~ l:xcept for one project*, 

the . payment' fed1Jctiorrs: for those pavements of u'Poorll, ,ri deabi 1 i ty ranges 
' . . . . .. · '• .· . 

from L5 to JO percent; with the a:vl:!rage '.i•f>oor11 riding project 
~. . . . •. . -· 

receiving 09? percent payment. 

*The srrial l da.ta sample: on New Jer~ey 21 Freeway ' 
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Route 
and 

Section 

I-280, 1B-5P 
I-80, 1N 
I-295, 4C&5A 
I-295, 3B&4A 
I-295, 2l&3A 
I-280_, 6G 
I-280, 6l&7E 
N.J. 21, 4A 
I-295, 1R 

I-78, 2G 
I-287, 7C 
1-78, 2M&3E 
I-78, 3F 
I-297;6F&7B 
I-78~ 3G 

Year Open 
To Traffic 

1973 

1973 
1973 
1972 
1972 
1972 
1972 
1968 
1968 

1968 
1968 
1968 
1967 
1966 
1966 

·TABLE 21 

Simulation of the Proposed Penalty 
Schedule to New Jersey Concrete Projects 

Number of Sections 
FHWA Number of Receiving the Indicated Penalty 

Roughness Sections -
No 2% 10% 20% Rating Sampled Penalty Penalty Penalty Penalty 

Poor 12 0 9 3 0 

Poor 6 0 5 l 0 
Poor 8 0 5 1 2 

. 

Fair 8 5 3 0 0 
Poor 8 6 1 1 0 

Poor 6 0 5 1 0 

-Poor 4 0 l 3 0 

Poor 3 0 0 0 3 
Fair 6 3 3 0 0 

Poor 3 1 2 0 0 
Poor 8 1 3 1 3 
Fair 6 1 5 0 0 
Fair 6 6 0 0 0 
Fair 4 l 3 0 0 
Fair 8 6 1 l 0 -

Average Penalty Frequency 31.3% 47.9% 12. 5% 8.3% 

Percent 
Payment for 
the Project 

96.0 
96.7 
92.5 _ 
99.3 
98.5 
96.7 
92.0 
80.0 
99.0 
98.7 . 
90.5 
98.3 

100.0 
98.5 
98.5 

MEAN= _95.7 
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While the dollar value of even a small percentage payment 

reduction for concrete paving is substantial*, it is the writer's 

opinion that the 1 and 5 percent average penalties respectively indicated 

for 11 Fair 11 and 11 Poor11 riding projects are reasonable. The adoption 

of the concrete pavement smoothness specification as proposed is therefore 

recommended. 

A description of the proposed smoothness provisions in an actual 

specification format is presented in Appendix D of this report. 

*If a 3 mile long, 6 lane coincrete project is considered of 11 typical 11 

size, an average total paym'ent reduction of about $13,000 is expected 
if the pavement is 11 Fair11 , while a total reduction of $65,000 is 
expected if II Poor" rideabil i ty is provided. [B~s is: 127,000 square 
yards bid at $10 per squar~ yard or $1.27 million.] 
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, 6 .l. -':BACKGROUND : ; 

· 6,j, 1,[-er1 d9! ,.~•Us~~~~ ~~•~T't". •".~.,~~; !Y"t1o~?:r1t~rl~.f~• •. 
·•.• ' <other·states:·: ;T,he~e··1s•'no widely accepted 11 standard 11 for 

- . - • :- . !. ·.· ·, i .· :-:· :• 1:-_ :/;. _·· / . .. : -,. - '.? ).:.-::::..:. ·. . .'}_?, ·)\( 1(· 'J-.\~·:··;/·•i ,_:-'-:··r .-;··, ..... -.. · ._~ . < :' i••.:,. .· '_. . ... : :- _ 
evaluattng'br:ldge·,,decf<:.::r;~~~bi1Jtyl!. the·· prey,i~usly ,.described FHWA 
\· ·:,! .,· . . . -•. .: • ' ·._,;: ./,:.•-:i_ .. '. ·-:_ •, ·, ·;: ·.: .. -.:: :_1:_."• ~- ;·, ..: _;.-. :"· ·'· ._:"·"• _<- . < '} . ::: _·_ ·.\_ :,:: ... -:~, ,.:'_" ;· __ ·_·:· .. . .... '• . .: . ;, . ... ' 
roug-~ome.ter>criteria ,~·aving: been developed strictly .from cqtisider.ations,, .. 

i' i-.' ;· ·.·, 

•.· :,_of-pavement riding\~ua,llty\.,:. ··.· 
.·,. '. ·. ' ' \· .· . ' , 

. ·. While if,1s Obvtoi.,sj1y desfy;able that good riding quality be 
. • . . ' ' ' . -, '.i--i. :.-\. • • . .· ' . ' • . ~- . ·. -· 

continued 1 n , approathfo~, ~:r~v~lfng · 6~ ; , an'd ;)(;ting from stru~{ures, . -
·; ,,.,,,;:":·: :•,,t::".:;•· ''.''~,-:•'·:':'<,'/: ,-:,,:.,,~; '.":< ··' . 

. }royghn¢ss data f.rorn :other a.gen~ies'.•indtcate's·~ th?if.~ohcrete .. l:)rldge ,. . . ., ]·'. . . ' . 

. de'ck 'coY,st~ucti on ls': comrno~fry, 60,:1~i ~erab.ly rotAgh~r'·than co.ncrete pavement 
'-. · _ .. , .... ~"-•,-.·_,._ .. ,·..; .~:...,· ._·, .. ,·-·:-·•-·,, .. ,:):7;~,.-·/,:. ___ "J_·· __ ;: · -~----( i,_· .... ,~~-,:\:.:/:;,::_, ... ".' ---.;'.-- _ .. -·.::,-;-;} ,.>,:.,.: ... : ... ,:, ··<· .·. _. 

····construction. The sutpris:~_ng poi.~"t r~r-e is·the, actual .. magnitude of.· 
. . '· .'·: : . .· . :. . . ' : : . < i- .. ·_: _: --:·. ·-:\~. -_\::· . . . .. _, 

... roughnes_s difference:som~t~me.~ repo,rt.ed betwe.en the_·riding surfaces 

of concrete pavements ,and ~l-idg~, .. decks ..•. In the. three:.stat~ sample of 

.- rough~~eter,::resuit~, .. shown ~n,,,Tab~~;·22. for:e){~mp]e,.\~~:,,average 11 .• .I·.. . .. .. .. -· . . . - . ·. . 
' . - ' . ---..: ·--_,_::.~-: . . '. . ·. . " . ' ' 

bridge dec;;k .is capproximateJy ,2/3 to,:3/4 ·reiugher tharr th:e "average", 
··,co'ncrete:ipa~~m·e~i>biflt d~~-i,n,g. ~hEf·,•;~me0 '~~~fod~: .. tf'it~~::FHWK pavem~nt>·· . 

. :.:: .. ·,-\_•_,;:~~ ...... >-_·_:·,'· ··.-1~- ,.,_ .'· : '. ·.1·:, :::·: 

roughness crit~rta Were apr,lic:ctble:-to th~ ~ata of Table···22,, the bri~ge ·· · 
:r-

• g~cks WP~l~kT¢ce,ire(:·F,~ir','{to :~t9or11,j~~tirlg$, •.. whfle :_phe-~abuttiog.paveme~t:~,< .. 
,,·~10,t,l'f,I" gen~rally'be<tonsideted of-:n~ood" t0·'11Excellenpi•,rid,eab:flit.y • .. ·.· . ' ' .. 

\ 

\ .\ 
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St~te 

·. . 

. TABLE 22: .·· CQt,fPARATIVE ROUGHOMETER DATA'· •.. 
_· ·FOR NEW ·CONCR£TE ·•PAVEMENTS· AND 

BRIDGE:DECKS:JN'OTHER $TATES.: 
-:. . ·:·· ·_-.:_ . 

·•Period· 
-. •· ,;of · ... · 

.-.· Concr~te ·. · 
Pavement 
Roughne$,S_ 

<· Concrete· 
·.•· ··••·· a ridge· Deck 

· Ro:ughness ._ ·•--:·study· 
The most common.• Inter;;.···•· · ·g_ bridges ~_;·,f• 

· · · · state roughness· measur~· J 2~ to 168 and average 50 fn/mt* 
Tennessee26 . 1961- < ment was less than 75 • 144 in/mt, . 

>1965 · · •. 1 n/m1 _· (60%) 

"A" ,· 
31 test sections range~r · 21:decks ranged from · ·· .66. in/mi 
from 64 to 12·6 in/mi· '. 118 Clo 177. in/mi and 
and .averaged 84 in/mi av?raged 1:50 -in/mi -. · (79%) 

11 811 
_80% tjf' new mileage was. ·_··• 5 bridges- ranged, from .. · : 45 in/mi* . 
77 in/mi or 1 ess. ·. 97 . to· 147 fn/rnl and --· · -· · · · 

. average~ 116 in/mi . . (63%} : 

f 
1 
J 

I ,, 

I 

I ...._ ___ .._ ___ ..._ _______ ......, _ ___.'"""'"""' ___ ........ _______________ _,. l 
*estimated; specific mean pavement roughness. not indicated- . 1 .. 

•.·.•·•· '.TABLE 2i: ... CO~PARlSON OF FHWA PA\iEMEN't,;CRftERIA . 
}\ND SUGGESTED. BRI OGE . DECK J~()U,GHNESS , ._· .... . .. 
EVALUATION,· GUIDELINES; FROM OTHER STATES·•··_·_·. ' 

. . ,·, 
. : . . 15 . . .. · . 

.. - . F'.HWA C6ncrete -. . 
Pavement ·CH teri a· 

. ; Virginia_. Bridge · · . 
Deck Roughn~ss i 

GLiideli ties 

State "C" s•ridge 
· Deck Roughness 

.. · .. GLtfdel ines · 

RoughnesS, 
Index . 

(67 in/mi 

67..;81 

.. ··•·. 81~99 .. , 
·99~121 . 

)121 

. . . , 

Rideabi 1i ty · . Roughnes.s; Rideabi.11.ty . ·. Rougtfr1ess 
·. Ratin'g ·· · Index Rating . ··. · Index 

Outstanding_·· 

Excellent 

Good .. · 
'Fair 

<BO 

ao.:.99 

. · ,' 99"'121 

121-140 ... 

>140 · 

".-. . -~ _: . ' 

-~-~-t 
'.•-' .. · 

Exc~1fe,ht · . 
. ·· .. · .. v:.•·-Good----•-

Gooct -

.. ' . 
,,; . . . ,' 

. • 75..;100. 

. . lQQ,~125 

, . 125 .. 150 

150+lZ5 . 

. >175 

' Rideabi lit/ 
· · -··Rating 

, Excellent 

v. ·Good 
.. Good.· 

Fatr 

--Poor 
Rough . 

. .IJ. 
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. ·, ·. ' •.:. •: .. •. . .. 'i-. ' .· . ·. . ., . .. . •.· ... , .·. ··:·· .· . 
. The h,1$~e>ri ca ll_y g~eate-r rij~gf1n-s s · of bridge d"ecks•,jre latfve to .. 

·.· _. . . ... ·. . . ' .. '· ... : .. ·- . : : •. ·-: - . : . . . . . . 

· .. >,:: ;.>p:avernents'. has:·r-~sult~d ir, (som~ 's:'.tat,s be'f.ng· iess crit;'.c~l.of the ' I 
.. --... - ·<;.:-,1·::·: _- - -- . - -·. ;-; !:• :·-... ___ :, _- ?'-.- .. ·'; ..... ·_: ;_ . --. ; ·.::.r-~\,,_, ;_~/-> .. --... , ~:: .. ~< .- _:-~. _·_. ·•-·:-.... :.- '. :.· ~- .. _ ··:-· -

rf.dea~f li~y of such e~nstrruct1on,:e.ither infor,ma11y or thru specific. 

,', bridge·cteck roughn~ss eval:Uatioh guldelines., '.:Fot e~anipfe·,.: T~ble 2~. :1 . ·.• ... : \, ' ;.,. ' .. ; : : ; ' . ; ';' . . ' .. •·· . ; > : .. '.; ; · .. · .. ·· '.'.;, . ; .·. ',. 
·· shows suggested. rougt,omet~r~_based bridge deck rating .guidelines from : ' : ·• :•• :::· > .·••·•·· '· .. ·' Ji.·.··. >,'•, .. , < ",: ··•· . . ,>'_: .. . ·.·· \ ;Lr 

.• ·: ~w.o ~ta~es.~~~r.:1 t«> t.h:1. FHWA co~~rete_pavernent l"OU:ghne,ss ctf,teria. 1 . 
. ·. As· fndfcate::t. 'the criteria prpposed .by: both $tates are almost .identical, 

~.· :· ... ·· . .'.°; .. _ .- ... ~:-.•· '-"·: '··:.' - .. ·.: .. ,.· _:'.,_, .. : . . :· ... :.'··•:::.<·: ··. :·.<'.••··•.·,;·; ,_, •.. ·· .-.. '._,_· : _.,- .. ··:.:·_1:. -~·-· ·. ;·,. .. ·.. . I •• 

·•·. excepfthatstatel'C" empltiys .. ~wo'catE!gqries .of 11Ptl.e>r 11 _·bridge deck . • .. · · .. ·. 
1 ·:/ •• i . i · •\ ' . ':" i . : ' I 

. r1deab11i!ty. · In essence~-i1>oth 'generally· representa: modification of .. · •.. 
, . (,:·· , . l·. 

· the· fH~~ ,conc~ete,. pavemen~: criteria ;Wherei;n the adJ~cti ve; rating thaf 
' ; · .. . :· ... · ,· .. ·· .. >. j. '._,·:,, ;-· ·.. . . .' ,· .. '. ·: .·· .· ' .. <· ·.·· .. · 

· ... would,.be assigned to a pa~ement. of,:a particular roughness Jndex range· 
. . . . '.. . ... 1•.· ·•: .' ". . 

. ·. ·. . . . . I. . . . . . .· . . . 

. is increased by one rati n~ :category .in 'the c.~se of: a ·t,ri dge. deck (i ."e /, 
· .. : ... an .··FHWA. ~·Fa1i~••<p~vemen,t·rJ~1n~ equat~s<·~~-•···a.: :;~Goo~.;;brid~e-:·rtde;biHt~.-

. '..... • ... ' : ... ·. . :.· .. i ·. . .· .· . · .. , . '· .. ···• . ... . . . . ··:·' 

'. rati~g: ·etc;).; In compa~:ilson 1:0·~ the·,.FHWA paveJl!ent_.criteria then~- these 
. ..•.· : .· . · .. ' . . .• ' ! '·.·· .· .·· .. ,·. , .. · .···.. ' . ,' .·.. . .· . · .... 

,·. states;a~e as much as·20.,t,o,_30:inches/mf1.e mor~ lenient 1,, rating 
I. 

• , .r-:·: . 
. i , ... . 

. .. ·,.... . . ' •· :· J;. :'.,:; ... ·. . :· ,,:•,.•· ... '. '.· ·.· .. : .· ,:.. . 
· ,: 6.1.2. 'Major· Faetor$ Reported a!i. Influencing the ··Greater Roughness 

•, . -:.; ·.: •. , . ·. ·,' !._,_. ·., · ·. ,::•· ·: :·· ; .. r .I'_ : • ,; -.-~_-,, : •.•. : •• • • • .''.. ';.. ~•- " •. ;•:. • , • • •..• : • , •· • : ' ;~': • '. ' :,_._; , .• 

_of: _Brid~e.Decks: ·. wrfle' the. ge,~e,ral_~ requir~ments• for •~c~i~~in~:. 
.. , , • . I . . , 

a Qood riding concrete surface are basically th~ same for both bridge 
. , I . 
·. .. . . . .. ··. < < . :· .. · : .. · . !··•.,·: .... . : . ·.:.•·:, •···. -• .. : .. ·. . ·, ,· ,_ ..... · . 

and pav~ment con~truction.Je,g, al'.'. adequate ,supply of quality materiaJ~, . 
' . .• ' . ·,''.·• : ·. ; . . • ..· ;· ,·: -. : ... .: ,:· f ...... .. . • , .. ·.. . ' •. ; .. , '• ' ··: . ; . : ·. .. . . . ... 
.. ·•competent ·workme~ and st.lpervfsion~ etc:J, a n•umber" of investigators27 .. ,29 · · . ' . . . . ,, ' .· 1:·- ... ',' .. -, . . . . 

.-: 
I. 

\ 

,· 
.\ 
•. \. 



. , .. 

>,i 

. have poJnted out dfffe.rences betweert the two types, o'f .construct·ion. that· 

influence.··,.elative·· roughn,ess .• 'rJsolti> .•. Jh~' noted diff~~tices .·.i:nil~d:e 
' .·· •,··. ·, rigidltY· of' supports: 'In. comparison ·to' pavem~n·t ~·ubgracte/;·:b'ridqe' .·. ,. 

. . .j : .. · . - . i ·~ . ....,-·. •.· 

. be;ains· are telafivelY flexible. ·.· The problem o·f s'~tti11g an·~ mair1t~tnJ~9 the 
... . . · .. :\'·\.\·-:~• .. , .. \:/~:/ ··· ... ·. .•. . . . ..., ~: , : <: ··,. '•. r.:'.'·:i./·,;·/.:•··:,.·;·· :_.,.·_ .. ·:··_,:- ,·.·".'.<~.· , .. ·, . 

correc:t:strik~-pff;elevation · is thus re.latNely more:·difffc:1ilt on a bridge. 

·Failure t~ .. •a;de~u~tely' compe~sate ,'fo.r;actuaf beam "t~~rnber' ·~tid:dead.ltia~ •. 

'deflection :is knbiilnto. res~lt.·inlo~g 'Wa'l~lehgth\rofi.le'frreguJa~itf~s•~· · .. 
,' /' . space liinitatfons:: The ''restricted ·work.ing.; ~ip~ce'na·t~ve,to 'l>rldges .. 

.. ' often ·n·eGessfta'1:es ,different·, :espe~fallf we11~·p1anhed. "1f?thQdS for- s:upplyf~g 
. . . .. .' : . . . . .· . .' .. ·... . '· ", 

. and finishing si~uctural concrete~. ' .· 
. . . .. •. :• .· . . 

. labor ·situation: . The relatfvely ·short duration: of a ~rldge pour 
does not genefal ly pt!rmit on-the-job devt!lOpllit!nt' of p~oper t;echiiiq'ues, •... 
. • . U$e of:tnecbanized" equipment:" ln ,(:C>nf~ast· to pa:ving 0~ grade, .. 

· bridge construc~ion ijas··. his~orfcal 1.y' reHeci .more on';manua;i r~.ther·than 

',inechanical mean$. for conCrete strike~off arid;finishrng'~ The experience. '·, 
' · ... · ... ·. ·.·. . . . . .· ·: ·,,. ·'• . . . .. ·. ' 

a nd skilts of the involved' workmen 1:~ thus an .. especi~lly, irt1po;tar1t ~arfable 
. in the cas~·rif b.ridge rideab~lity results. ' ·,, ,', ',,. ' 

. The previousl~ cited15 co~p~e.hen,~ive. ;tu~y by ,V4r~inii'of .bridge•··',•· 
_-: • ' :') .• _.'.· .• , ... , ' '·, . ' . . ·... . • . -:· . . . ' ,,· . ·:> . :·., ..... . ,·. . .·· . • .. 

, f~ctor to have the most signific~nt Jnfluenee ·On deck ridea.b'1li.ty •. In 
. . . . . . . ' . : ' . ' ' : '; .. . " •, . . 

, ·. • : .. ··.· • ... :< ·, /' ··.:·< ... ·.c·.• .. <•., . ··•· :,· . .·• .. 
that state, the ~se of full span length, longittJdinally. .oscillating · 
mechanical:sc~eds ~onsistently .produc~d simple span bridges wi.th 

. . ' .- '. ; . . '. ... . . . . . ,. 

'*The ",longitudln~lll and ·~transverse" .finishir,g machine nomer,claturf!,.,us·ed '· ... 
. 1n this: work relates· to the orientation of·the working face\of theiscreed 
with respect to.: traffic. ·>Thus, •in lonf1itudinal finishfng~ any r_i'clges ·.·. · .. 

. · ir,\roduced •intc, · the concrete· are predc,11Jf nant1)'.para11e1 wtth<traffic;. ·· 
• C •• .. •• ) •' •, < • ••••"•"• • ,,, • • •• ••: ,, 0 

I 
..,i . ! 
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. . 

/Roughness Indices less tha~•lQOll'lches per mile (.i.e.~ meriting at 

. leaSt. an FHWA •~Good 11 • pavem~nt rideabi ltty ratingr .. The next smo,othest1. 

cla:SS .of bridges sampled {~~nually streeded)• displayed more than 50 

inc:hes per mile _greater roughness:·· 
.· ·. ! .. · . • .. 

The beneficial. effe¢t ot'Ckeepirig a.ny co17rugations in the finished. 
I 

surface parallel to traffi(was evidenced ·by the· fact that the mechanical· 
I 

. I . .. • • 

screeds that Provided the smoothest Virginia bridges when operated 

·Jongitudina11y.t.Yie•1ded th~ roughest decks when op.etated transv~rsely.: 
..... ·· · ... ·.· . ·.· .••· . ..•·. : .. •.. ·.• ··· ... ·.•· .. . ... ·.··.·•····· < .. ·. • . l . ·. 

Further,.Virginia observ~d.Jthat the roughness of chicks struck ~.rans,versely 

could be .substantia1lytmpi-oved(up.tcr25 pe.rcent) by follow-up longitudinal 

floati.ng. · • · 
. . 

Simila~ rideabiHtY: results have been reported in Michi~an30 , 31 
::__ •. -: - . . I 

studies •. • In that state's t~s~arch, bri·dges built using various screed 11ng 
! ' -·. . ,-, 

methods were tested with a I profilograph* and the resultant data compared 
j ' 1 ' '}.· • ,,' ' .• ,,, '·,c'' '•,. , 

to the following standards: 

."Good" brfdge ridea~ility = less than lOO profilograph units 
'°Averagell = 100 to 160 units · · · · 

· l'Poor11 = over 160 · units 

:According to. this criteria, each of the tested bridges constructed 
'_ •• ,:_ • ,·.- : •• "·, 0 ' __ ,.: ., ' ' ' • ' _-._-:]_. ' 

wi.th full span length longitudinal screeds provided what Michigan considered 

to be. IIGood" rideabiHty (average roughness: 64 units). No significant 
• . . · ......... ·. I ··· .... · ···•·• .· .·. · .. , .•·. · .. · .. ·.. . · .. ·. .·.·.· .· .. 

benefit for transverse macrtne over hand finishing was observed, wjth both 
I ' 
I 

·1 
. I . ·, 

30church. C.< D •. ·· "Prof i l ometer · M£1asurement of ~ridge. Roughness", Seve11th .. ··· · · 
[Final] Progress Report,1 Michigafl:.state Highway Department (November 1965) . . . ··•·· . i .· . . . . . . . . 

- . :- I, . 

31 W1 l1 i ams,. G. M. 11Speclal j Report on Methods of Improving the Riding 
Qua]ity of Bridge Decks 11

1, FHWA Ctrcular Memorandum (September 17, 1963) 
! 

*This device is es$entiany a 20 foot long, recording rolling str:aightedge~ 
. . \ I 
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of these types of construction displaying av~ra,ge roughness, levels 

about twice as great as that for l'ongi tudi na 1 fini shirig (124-128 uni ts). 

Use of another type of mechanized screeding equipment which strikes 

the concre,te longitudinally in partial ~pan l~ngth increments yielded 

, intermediate smoothness results io the Michigan sample (average: 96 

units :; "Good" ) • 

In response to the improved rideability results apparently 

obtllir,able witb various,configurations of mechanical.bridge deck· 

.screeding and finishing equipment, such mechanical methods currently 

enjoy very widespread use. A recent Highway Research Board questfonnaire32 

. indicates that about half th,e states and Canadian provinces presently 

require mechanical sereeding equipment for canstruction of bridge floors. 

· Further, the .combination of specification requirements and contractor· 

preference bas resulted in more than 90 percent of current bridge , · 

construction being accomplished with mechanical screeds. 

6.2 NATUREOF THE NEW JERSEY STUDY 
6.2.1 Character and Size of the Roughness Sample: At the inception 

of the present research, the use of mechanical screeding was not.> 

required for New. Jersey bridge construction and manual strike-off 

methods--most. commonly, hand"'.propelled vibratory screeds.;;~predominated. 

3211 Br1dge Deck 'Finishing", HRB Questionnaire 133 (May 1972). 

\ 
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f· · · , .. , Beginn.ing inaboo.t 1,67,' a\number··of• New ·Jersey tl.ridge contractors,-. 

. ~~h, J~:r~ntehco~r~ge1~• eteqt~d t11 e~1•1.~j1§Jf :y~ of .• ·.···.• •·•·· . · · 
mechanical · firtishi.ng eqµi pmen·t~e · The: partJ-euJar 0devfce.s·,:selected for .. · 

·.·use: and . stt1dfed, 'f rr th/s re~ea~~h ,: included va.rio·us o( the 1 ongitud in ally.·-•· -. 

6$~illaiing scrE!ed;~ so fav~rably reported cm ih"thi;li'.t~r~ture·, as well 
: '' : ' . ·· .• ·:·:, ·,· ' •., :- . ' '1 . : ' '': •. ·•... . . _,.;_ . . . / . ,. .,·., . . . . : . . ,.· .. 

as ~- newer· type of equipment ;ttrat\finfs~es: the concr~te; by means Of a 
'' . . '' . . . ·.' '[. .. 'i: ,· :_ :·' . ·:; ' . . .. 

rotating tylinder·w0,rking tr-ansversely,across the deck. . . ----• ... , : ·. · __ ·. ··_ .. · .. I.·.,.·· .. · ___ . -_- , __ ·• •- . -· .. -··. ... . .,:_ ·-•. _-. . . . . ' 
P,s shown. 1·n :Table 22J:~ ·the· relative •roughness determinations ·.. . . . : , • -_ . I - --.-.· . •· : . . . . .::. _.,:. . , . : __ ,- -.. 

of this· bridge study. phase jwere bas·ed on the: evalu~-t;on of rough,omete:r-
·\, . · . , :::_.~• ~-·.,_-··. - - .T . i:·1 ...... ;.. ----~-- -- .-- -- •••..• -~ ... :.-.,:i. .· .· 
;and/or rolHng:·str11ighledgfdata from 30 bridge sp~hs~ :r'his represent~ a 

. · '.Sampling of '14ihdfvidual ,~r~jettS,'•Wit~··t~e test-. ~amp\e: being about: ···,. •-···· 
·. : . -: . . ' ·.' :: . ,.-,: · .. ' ,,' .. · 1. . ·.· ' .. ' . . ·.· : . ,,, ,' : . '. : : ·. ·. , .. ,:' .:.::' _:.' . . . . .: ': ' 

· •·equally .dtvided · b~twe_en me:~hanic,aJ ly .. and manually finished decks. ·, E,ach 
.· . . ·t i . ·, ',. ' ' . ,' . 

of the studi.ed ·bridges wer]1 of ·-the, ~imple span design tha't pred~minates 

in this State. · · . , · . . · · 
' ! 

·-. .TABLE 24: DISTRI IUTION OF IHE NEW JERSEY 
. BRlDGE.-IROUGHNESS SAMP.LE BETWEEN - . _ 
MECHA~r.jcA~ AND -~NUAL.,FlNISHlNG METHODS ' 

Manual 

·· ··.·Transverse., 
_. Rollet Ffni!>.her, 

. full. 
·•• Length_-···· 

. longitudinal . Screed 
·._ Oscilla·ting · 

Machine• . Parti~l 
Length:< . 

· Screed, . ,. 

,. TOTALS' 

'Proj:ects 
' .. 

4 

3 

· Spans 
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· In addition tcr rideability evaluations based on objective 

roughness measurements,/most of the projects selected for study were 
. . . . 

given a subjective evaluation by exper+enced bridge engineers from the 

Department's Bureau of ConstructfonPracttces. These-latter on-site 

evaluations considered the general1evelofplanning, organization, and 

control evidenced in the work. Ajudgment was a1so made as to the relative 

adequacy of the specific placement and finishing operations used. 

Hgures32thru 35 presentseTectedphotographs illustrating 

the particular equipment stud i el and the major steps of the various deck 

finishing sequences. 
. ' 

Spec1fi.cal1y, Figure 32 depicts a '!typical" finiShing operation 

relying exclusively on manual methods. The transverse orientation of 

the strike-off ~nd floating shown in this figure is the most common* 

finishing arrangement used in New Jersey. ln view of subsequent 
' ' 

roughness data, itJs worth noting that the particular project shown 

in the photographs (the New Jersey. 72 - U.Ss 9 crossing) .was excellently 

organized and very well executed and represents perhaps the best hand 

_finishing operation tested. 
, ' ,.- . 

Figure 33 shows the type of full--span length screed used on 

each of the. three longitudinally machine finished structures studied. 

On two of these projects,.the minimum of two screeding passes_suggested 

by the equipment manufacturer were employed. The Use of a single 

*Only one of the manually finished projects--the_I-76 Viaduct (Project 6 
of. Table 25J".'.~is known to have been finished predominantly in the _ · 
longitudinal direction. 



FIGURE 32: Selected Photographs of Manual Deck Finishing Operation 
· (N.J. 72 over U.S. 9) . 

32C. Disturbing finished concrete to remove 
pipe screed guides. 

328. Intermediate finishing with scraping 
straightedge and lute. 

32D. Applying final finish with burlap drag. 

..... 
u, _., 



. . . . 
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. · ,. FIGURE .33: .· Selected ,Photographs ~f Deck Finishing 
Operation Employing·.Full Span length, Longitudinal 

· · ...... screed i ng • . . ·· · . . · . ·. ·· · , ·· · · · 
· . : •· · (I.;.95 over W. Pierson •Averiu~) 

33A. Ori.Ve section of screed resting. bn a thin 
metal wear plate and extending. out .to temporary 
plywood work platform. Oscillating action is · 
achieved b_y the dri 11 motor powered eccentric 
stroking against the push rail. 

~3B. First screed pass·.- · lateral movement across . 
the. deck is J~ccomplished by taldng up on the cable 

.. shown in the fo.reground., ·. (The ·cable ,reel is th_e. 
upper wheel in Figure 33A) · · · · 

33C. · Applying 'final ffnfst, using automated belt. 
This combined work bridge-belt finishe.r is a separate 
item of equipment. . 
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. - " . . . ·" . . .• ·.· : 
. . . : 

screed pass on the other tested deckwal cbnsidered insufficient at 
: .. - · .. ,_,,' ,.,.•.· ,' . 

the time of construction and apparently .~Or)tributed s.lgnific~nt}y to 
- . ', , .•I. • :·· .:' -_ •. , ·_- .·•._, ' ' ' ,, ' 

ffi~I,r2s· to 30 inch~s/mile) greater roughness for .that deck. rJlattve .· 
. . . . 

to th~ double~p1ass • constr~etion. Om, e~ch of. these projects; l?ngi tudfna1 

screedln9was f6Howed di~ectly b)ibelt/ftn.i;hJ~g (i ,e., wit~ a · 

~inirrium, lf/an,Y, of hand Jperations) •. Hdwe;e~, On only the' 1-95 
• ' ·•. ,•.' ·.... ' ' ·, •·' ' ' ' '' ,, i ' ' ' '. ' . ' •• •· ... · ·' • ' ' ,' .' project shown was th·e belfling operc11;ion a'-!tomated.: 

·:· ·. . '. ' . ; ·. ,(.:.- --- •·_.:.:, •:''. ' .- . 

. Figure 34 shows. deck· construction. usif,1g.a finishing machine in· 

which. the direction of both equipment tra;;l,and screeding ar~ 

'.·longitudinal. As shown~ this equipment>is e~sentially a mechanized, 
• •·. . I •. . . . . . 

ten-footJong float .. Although only_one such deck was studied in this· 

research; it is interesting to ~ate that this type of equiptn~nt is 
.· the most commonly employectnationa·lly32• Whi\e it is :cbrreck:to,·refer 

" i •• 7 • 

'_ ' . i_--,. ,· . . . . . .. _ . '. . 

to the operation shown fn figure 34 as "machine" finishing, it is 

apparent that sorne (reduceg} level of hand wprk is still required. 

Figure 35 shows ihe1transverse/~eck finishing operations on two 

New;Jersey proje:cts const;[ucted ustng a roller finisher. As indicated,. 

mechanical finishing.Js achieved by meQns of a three-component tool: .. ; .. ·•. . . . . H .·· , ····.···· .· .. ·· . ·.,.. . . . .· .. ·. .· 

auger(s} for striking the conc~ete to approximate .grade, a rotating 
. . . -~ . . . ·• 

cylinder for intermediate finishing, and a pan float for sealing the 

surface. Notice that agaih in/ thJs case, the use of a mechanical 

finisher did not completely elimina-te the need for supplemental hand 
I ·. . ! . . c·· , - ,_ .·, - . ., 

floating. 



FIGURE 34: Selected Photographs of Deck Finishing 
Operation Employing Partial Span Length, Longitudinal 
Sc reeding 

(I-78 over Waverly R.R. Yard) 

34A. End view showing main finisher truss, the 
suspended finishing tool (bull float), and 
electrically powered screed rollers that propel 
the machine longitudinally along erected screed 
pipes. 

34R. Concrete is struck and finished by advancing the 
longitudinally oscillating screed {one foot stroke) 
across the· deck. 

J... 
<.n 

.34C. Intermediate transverse finishing with a tube float 
and application of final finish with a burlap drag. 



.35A. Finishing. and sealing of concrete by a revolving cylinder. 
and pan flo~t following initial strike with an auger(I-295, 
3B&4A). Cylinder rotation is reversed on second (final) equipment 
pass. Notice that some small transverse ridges remain to be 
removed after machine finishing. 

35C. Intermediate hand finishing t.:s~n·g a meta~ float 

. FIGURE 35: Selected Photoqraphs of a Deck Finishino 
Operation Employing a Transverse Roller Finisher 

358. Another machine configuration (N.J. 174,lA). This 
particular finisher uses two forward augers and a larger 
finishing cylinder. The suspended finishi~g head trav~ls 
across the deck in the truss-enclosed carriageway and ,s 
advanced longitudinally using chain-driven rollers. 

350. Applying final finish with a burlap drag. I -01 
01 

I 
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6. 2. 2 Data c~ l lecti 0~ Procedures: . The methods bf d>:ll~cting and 

repc;,rting roughometer and stra.ightedge data:for.the• studied bridge ' 

decks dt'ffer i ri some respects from. those e;pl oyed for p·avements. · 
. .· . . .. . .. .. . ., .... · .. • .. · .. , , ·. 

The first of these . procedura 1 d:i fferences ·refl~~ts as a 

generally 'redu~~d. relative precision ,for b~idge de'ck rough~meter' ' 

' results. ' That ,is' it' is apparent that: bridge ~f:eck rc,ughometer,;. test' 

. data must be multiplied by Var,fous large: conversion factors, to· place 
·: . ' ··•' · .. · .;.· ' . . - ·. •' ·._·. '•·. - .. ' ·:, · .. ·· __ · ... ·. _· ·. 

the data on ih~ c,ommon: basis of inches per mile:,(e .. 9.., .b.Y s2~a irJ t~e. · 
r .· . . . . . . . -J: .. , . . . 

case of a 100 foot deck).. Thus, any error in' following the same line 

of travel with'tne roughometet·test.wheel <>r i'n r~pea,tingthe start/stop.·. 

points will be ·c6nsiderably magnified. in· theco~put~~ roughnes$ index .. 

. · ,Further, apart ffommagnificatfon in ~he com•pu~atio:n~l process, the . 

. ) consequence of any inadvertent off set from the intended- 1 i ne of travel' 
,, . - . - . ' .· . ' - ....... 

. ·. . 

is inherently mqre important ~m a. brid,ge because.of the large transverse. 

vari,ation in roughness cc;mmon'·to st~uctures.·.·· In-o~der to reduce:this····· 

.. additfonal aspect·_of s·hort:..term measure!Tlent varia,~_flJtY,. asmanyas·. 

·four repeat readings p~r•w.heelpath {rather than·,the.•:~:suai dciplic~tes)/ 
-~~; : 

•. were made on some str~ctures •. 

A second di,fference fo roughness test procedures·· betwee·n \ > . 
pavements and bridges i's the occ'asional use Of a· dj'ffere11{·{l~rger) 

. ,-·. -. . . 

. sample .size for straightedge data than for roughometet,da_ta.'. Thi.s 
. . . --· ... ' . ·-' .. · ,·,·. 

reflects as a difference in the degree of association of the :two types- ' 
. .·.- . . ·. . .. , . , .• ,. . - _ ... -. -· . . ·. 

of' roughness lllf.:ij$Ure~e'nts. That is; on about ha) f c>.f the- bridges' tested . . ,• :·• ,, •-• ·'. . ·- ', . ... . , .. · .. · ·. . . ·. . 

. with both type$ of equipm~nt; ·closeTy:spa~ed. pro:ftle 'Ji~es were ..• tested . . - ' . . ·.·, .. , 

.-. ! 
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with. the straightedge in order to develop 11 contoursll of surface defects, 

while only a selected few of thes,e profiles (and in some instances, 
' 'i.,·· ' . "'' . 

different profiles) were tested with the roughometer. Since the 
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fractiona1 sample size anf test profile location sare thus not consistently · 

~he same,, strict compari s1ns between the output of the two roughness 

measurement.devices on a particular bridge are not·always appropriate?. 
i 
I 

I 
6.3 COMPARATIVE ROUGHOMEiER AND STRAIGHTEDGE DATA FOR MANUALLY AND 

MACHINE FINISHED DEC!tS 
' ' 

Summaries of the average roughometer and. rolling· straightedge . 

. measurements for the various New .. Jersey bridge decks studied in 
! ' ' 

this research are preseritedJnTables 25 and 26. 
I . .·... . . ··•·· . 

6.3.l Manual Finishing: !As shown in Table 25~ the concrete surfaces 

of the tested manually firlished.decks displayed average roughometer 
,; ' ·1 '' ,, '' ' 
' ' ' ' 

readings ranging from about the same to substantially greater than our: 
. - . . 

. "average" concrete pavement (i.e., 125 to 192 vs. l22 inches/mile}. 

These roughness values are in each Case indicative of a IIPoor'' FHWA 

pavement rideability ratf ng. · On an overall basis, the "average" 
•, ' ' 1·· "6 ' ' . • . ·:· . : 

manually finished deck is· !characterized by about 40 inches per mile or 
I ·.. ...... . .· .. · .. 

one-third. gre.ater roughne~s than our "auerage" (marginally acceptable) 
' . 

concrete pavement. Signi'flicantly, even.if the previously described, 
1. ' •• -

' I . . •, . , 

more lenient bridge roughness guidelines used by some states are applied 

to this data, a "Poor11 or i11 Rough 11 ridea1bitity rating ,would re~ult for 8 
·. ·.'· .'• ,, i 

of the 10 tested structur£?s.,, while only two would be rated as "Fair/Goodll. 

I 
i 

t ' 



-158- TABLE 25: SUMMARY OF.ROUGHOMETER DATA FOR BRIOGE DECKS 
__ -

Project Structure Average I 
.. Date Tested Roughness Finishing· 

No. ~oute &- Section-· Opened - Index · Method· 

1-78 over No •. _ Branch Raritan -

River, 2 WB Spans 159 ---

' , I 
- l-78 over Cowperthwai te 

1 I-78, 36 7/66 Road, l WB Span 167 --

. I-78 over tami ngton River, 177 --- 2 WB Spans -
I-78 over Matheson Road, 192 1 WB Span 

--
-_ I .:.78 over Rou·te 523, 2 I-78, 3F · 12/67 152 1 WB Sp~n ' I 

3 1.:1s, 2M&3E 7/68 Ramp ·IIA" over l-78 167 Hane! 
' -

4 N.J.72, 6A&7A 11/68 N.J. 72 over U.S.9, 125 
1 WBSpan 

.-• -:' 

5 N.J.36, 30 11/69 jRamp "L II overN.J. 36 126 
--

6 I-76, lF&2C 4/73 8th Street Viaduct, 174 2 WB Spans 

7A I-295, lS 12/68 _ 
U.S. 322 EB over I ... zy5, 
3 Spans 170 

--
--

HAND FINISHED: RANGE 125-192 IN/MI, AVERAGE 1'61 IN/MI 
-

7B I-295, lS 12/68 U.S. 322 WB.over I-295, 107 I 

. 3 Spans 

U.S. 
. 

ll/69 U.S. l over Raritan River, 139a 8 1 , 60 2 SB Spans· 
-

-_- Longitudinal I-95 over West Pierson --

9 I-95, 19A 1/70 Avenue 115 Machine 
: I-78 over Waverly ld I-78, SY 5/69 RR Yards 14lb 1 EB Span 

--

LONGITUDINAL MACHINE FINISHED: RANGE 107-141 IN/Ml, AVERAGE 125 IN/MI 
--

j. ·' Elbow Lane over I-295, 107 Both Spans 
Woodlane Road over I-295, Transverse 

11 I-295, 3B&4A 10/72 120 I Roller Both Spans Finisher 
Beverly Road over I-295, 132 2 EB Spans 

TRANSVERSE MACHINE FINISHED: RANGE 107-132 IN/MI, AVERAGE 120 IN/MI 
! 

as1ngle screed1ng pass used 
bparUal span length, 1ongitudi.nal1y propelled equipment; others full span length, 

tr~MVPY"~P1V nronP1 jpd -



., . 
; . ·, i . . . , _., l . • .... · ·. . .. •·. . 

TABLE 26: ·· SUMMARY OF STRAI~HTEDGE DATA FOR BRIDGE OECKS 
. i 

. ·. 

· .. PROJECT': 

. · Date 
... Route & Section _Opene~. 

Structure 
.·. Tested · 

Average 
Percent · .Ff nfshi ng 

Defective·. Method· 
·Length 

1 
. . N.J.72.0~er u~s~ 9, 

N .• J / 72,: 6A & 7A ll/68; , 1 WB, Span· . . 20.1% 

36.6 
. ) 

3 I -76 • 1 f & 2C 
·' ·· 8th Sireet Viaduct, . 

.·. ~/73 '. · 2 :we Spans ·· 32.2 
· Hand 

.. 

SA 
'I U. S 322 EB Over l-295, , 

T-295, 1S .• . . 12/68 i 3 Spans · .· .· 
.. · 

•.27 .o 
. .. i . .· ·.·. . . . . ,• .·. . 

HAND °FINISH.ED: RANGE 20.'l-36.6%, AVERAGE 29.4% · ·.·,. - : .. . . . . . . 
. ' . 

. 6.. · I-95, 19A · 

LONGI:rUDINAL MACHIN:E FINISHED: ,'RANGE 3.9~13.2, AVERAGE 8.5% .· 
•.. • • ·'. ,. • •• ··, j • • I 

.. 1 El boW ~ane Over I-295, 
BothiSpans .· · . 1 .2 

3.1.. 
Transverse-..,__ ___ --.. --..... --.... _--------+---~ Roller ·. 

Beverly Road Over l-295, . Finisher 
•. 2 EB.Spans 1.2 · 

8 N.J. 174; 1A. 
:,:,., .· 

.. • .. · U. S • '1 <SB. over Whitehead ;~ 
,i0/}3 i R_oad . , .. . ,.; 

.TRAN,SVERSEMACHIN~ ,FiNISHED: RANGE L2-12.3, AVERAGE 4.4% .· J· 
~~~~:;;±i ··,. -· .\ ·•:;" 

· ·.· afull · span 1 ength: equipment 
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This level of roughne~s readi~gs is,, however~. in some instances quite 

similar. to that reported for decks in other states {e.g., by two of 
·. ' ::,, I I 

' . 

the three states in Table 22). 

The most Significant point in connection with t~e straightedge 
.. . 

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

. ·• . .. . ,·j . 

·portions of any of theSe decks.even apprqach conformity with our existing 

specification surface tolerance. The average level of conformity with our 

. , . present stipulation of "noll defects in e~cess of l/8 inch wa~ fo~nd to 

be only 70 percent (i.e., Lo '7 30 percent). One mitigating factor i.n 
. . 

this regard, however, is that the measured percent defective len.gtb of. 

bridges includes a higher proportion of apparent (non~existent) deviations* 
' . . 

than pavements. To some exten~ then, the reported percent clefecti ve . 
. . ' 

length is an overestimate of the actual. non7conformity of the surface. 

Since the opportunity for these refleCteddeviations 1ncreases wfth· 

deviation magnitude {i.e., for l/4" or·greater defects),·this effect 

is confined predominantly to this manually-finished cl.ass of decks which 

commonly display Severe as well as extensive d·efects. 

The ~anually fini~hed deck showing the. lowest roughness ts the · 

N.J. 72-u.s·. 9 crossing which, as previously noted, was considered at 

the time of construction to be a ve.ry well-executed manualoperatton. 

A plot of rolling straightedge data for this smoothest manually finished 

deck ts shown in Figure 36~ 
. i 

*Previously discussed tn section 2.2.3 of this report (pp.17-18). 

, I 

.I. 



- LEGEND . 
I,, 
a=-,, 
~=-
3'~ -s-
Ji=HIGH 
-=LOW 

.. 

Average Percent Defective Length= L0=20.1% 

. -
0 
(\J -

II _lj. 
-(\J --+----'-~---

.ti 
H 

H 

100 I ~----------------------l~p.f· · 

H . H . 
H ---J:L 

t=I -
1:1 - !:i H 

HHH 
:tt. -=-

H 

H _J:L ___ 
.!::L ,_ Ji_ 

H H - - ----·-1:L H li 

WB TRAFFIC 
. . 

....;..._ __ -
H - -
t:t -

-tL_ "..ti.. -
_Jf_:_ 

Ii 

H 
H 

FlG.lJ1R£ 36: . ·· · . 

LANE I 
LANE 2 

. ···. ·.· ... '.,.., ... , ' .. ,, 

PLOT OF ROLLING STRAIGHTEDGE DATA 
N .. J. 72 OVER U.S.9 

(WESTBOUND LANES I 8 2) 
. HANO FINISHED 

. . 

(SCALE 111 = 20~H 111 = 10' V} .·. 

' I 

I .... 
"' _.. 

I 



-162-

6.3.2 Full Span Length, Longitudinal Machine Finishing: . Average 

roughometer readings of 107, 1~5, and 139 inches;perniilewere obtained I -· . 

on the three projects using full span length, longitudinally oscillating 

screeds. As noted, the.highest of these readinqs was obtained on a deck 
. ; ! ' ... . . ' 

on the U.S. 1,60 project which received only one rather than the 

recommended minimum of two passes with the finishing machine. 

While the benefits of full span length, longitudinal finishing 
I 

relative to manual finishing can be appreciated from the data iri general 

(i.e.- from the 120 vs. 161 inches per milE? average roughness index and 

8. 5 versus 30 average percent defective length). perhaps the most 
. . . 

meaningful evaluation of the roughness results between these two finishing 

methods is provided by the particular data from the 1-295, 1S project. On 

that project, identical three-span structures were built by the same . . . i 

forces, in one case using manual finishing and in the other, machine 

finishing. As indicated in Tables 25 and 26, subsequent roughness 

measurements indicated the hand finished structure to have. twice. the 

percent defective length of the machine finished structure ( 27 vs. 13 

percent) and a 60.percent greater average roughness index (170 vs. 107 

inches/mi 1 e) . 

Examination of the detailed straightedge data for these two 

structures (Figure 37) is also of interest. Notice that in addition to 

their greater number, surface defects on the hand ... fini shed s true tu re 
I 

are also of generally greater magnitude. SpecJfically, an average of only 

about 10 percent of the d~fects on the westbound structure exceed 1/4 inch, 

I 
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. inch;··. Fig,.ir-e/37 ~lsoi·~.h~w~.th~t.''.lh~ .percentage.of. ihe manually • 
...• · \ ' . ': ·; ' ;a ' ' '; . . : ' ' < i . - < i .. ' .1 •• : • • ••.• • . ' ' i 
· finished deck :~xc~eding · a •}/8: inch, tolerar:ice was. relatively constant:·· 

at a.bout 26 t,J;ce•n,( from sp~n-i~ ... st,~~- on,.the o'tt1er hand, -~he macni ne 

' .. · .. fi rri shed deck d(splays. rnar~ed· ·spa~-fo-Spijn di ffer~nces , n per~ent ; 
. .. . > . 

. defect'ive. this v~r{~t1tm ;in the··:e*tent of ·:s~rfa~e" defects· -i~ 'turn 
: < .-, - :,:; ::),:;\ : . - <:: / -. '. '·,1;: •. ;i•< · ... -,, > '··. :_ .: ·. ·. 

· .. lead to, indiwi,.dual ·rolighQmeter test·,va]ues: rjangihg froril 70 to 12·5 ,.inches • 
.. . . .... - - . . . . ·.' ., . ·,- · ....... '• -· •.. . .,, - .. ' ;· 

. peri~; le (;'~e. ,trunnlrig the.· gamtit ·ftpfu i;Ex~el leht" .'to 11 Fatr/Poorn FHWA .. 
I,. . . •. . ·. . .· .•: ·., •• ;'<:,\.'., _.·, I, , ···, :, ·· . /' . _. , . - .-· .. · .-•:· .·• >_. ·. ·· .. •. .· 

·\rideability ratings}~· One,;apparently -important' factor ent~l"ing into 
• • ·•,. • ·, •I ,- , :• •~ 

·. · 'this.· varicitfon 1·~- extJnt,.:to ~~:hi·ch'the . ~· ·_. .. ,• .. ... .: . -' . , -· "'.; . .., . . . ·. c60tractor was:. giHdecl in hi$: use ... 
.·' ·"' ' .. ,.· '. . ·,.· ,_ .. · '.::-·-;,·,. \·" <· 

of ·t~e eqtjipment-:by the-·man~facture~. ··. That is, the smo6ttl~st deck: 

• .. · .. -. des.i-tjher/~;~ufac:tur~r'qt' t~e :ftni ~hi'n\r ma~tline; ,orji the \two ro~ghert: ; . 
i • 

. ~pans, 'tt,~ scre~d manufact'ureiwas efther not.present.pr not actively 
., ··i.. . .. . . . -· .· , ... : .. ; ·. 

engag,ed, -in.th~ :,Work'~. 
· · J~e' qn-sttl .assista~ce··of \h~: screed m~n~facturet _s imi l ~r'ly : 

·• repr~sente'~ a c~n·structidn l'plusll ;~: the ~a'se. :·~-i:: the deck construction 
. ' . . . -~ . . . , .. · {' . . . . . . . . . . . ·' . . . 

'·'1· - .• : ·, .. _·. 

·l 

: on Route lf-95 ~· Sect:i~n 19A. Tn~/~;:str,i'butfon of. s.t~aiQhtedge defecti .. . . · ... : "i. . . .. .. . . ., . 

. on ;this· de~k is shown:;~ 'Figure :~a.·:As. ;p~~viOust{not~d; this'dec~ also - . ., __ '· _. •·' -· _: ·< _·. . / . ..•·., ·: . ·:' . . . ' . 

·· benefited, from an·a,utpmatect' father J:han·· ~~nua1;·finii .belt.finishing. ' 

Obs:;ve thaf ibe ~•la;iy~1Y f~w+a~~red >t~i,q~iedg; defeCts are agafo ' 
p redomtn antl y. li_mi_ tE!d_ ,::t~ Jl8 . ?i" c~ ma.g:ni t.y~e . · ·. 

,· ·'·; :: . . ·-. ·; 
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6.3.3. ,Par'tfalSpan LengthptQngitudi'nat ~achine= Ffoishing: ·The roughn~ss .·· 

of,,the one stu~ied·de~k (J .. 1a,·:Section sY).,cons;;ucted,,usi~g-.a· partial·, . 
. . . . . . . ' ·. . . . . . . . . ;·. 

measurements )·1 Qhe. : The, a.verage roughn¢ss index of 14 l foe hes ·.per mile 

observed for. thh,. d¢~k,fr~ns,lates a~ :<~eryY UPoor° FHWA pavemenf ' 
r.i de.ab fl fty r~iing~ a.mf as :a ''Fai r/Poor11 :liri dge ratihg' using: the 

smoothness cr1ter.i,aof Table 23.> 

Si.nee' ihei~()nS,truttfqn pra.cti,ces i,Ovolveq in pl~cing and finishing.· 

this deck wer~ r~t~d as i1Good 11 , it would appear that; this samp1e can·. 

:t,e·considered ·as··a r.eason:ably representat.i~e··tria.1· o.f the ·pa~tial·'span 
;,., :, 

length tipe of:Jongitudinalfl'ntsbi~g' equipment. Whil~, it i~ of, course' 

di;fficulf todraw'concfu~iohs of·any g~eat moment from· ~·>single test· such·· 
'.""' . .· ;. . . . '. . . . .. . . . . . . . 

i, 

· ·. as:this~· our,,:1:imi ted experie.nce does. ap:pear to be ·Similar to t~at ··reported 

·: by.Michig~n3h'_<:That::ts;,>ekuipme'nt of thi,s 'partial' span' length· con.figuration. 
•. •., ' C • ' • r • ' • • - • • • ~- • ' • ••. • ' • 

.• .. yielded. a.· rldeabi]fty itnpr<>vement compared· to the general ru~··of manuaJ ly 
'• ,r, • • • • . •• ,, • •• • • ",' • •• • "a • • 

'fini s.hed decks, ,:but: ~id, not. provJde,, thi smoothness athfoved on the best 
i ·', ,••' of th~· decks·}irdshed wft,h,full span l~n9th screed;s·~ ,· · 

·.··,6:J.4 Tr.ansverse Roller Finished: While· two>transverse roll~r-fin1shed 

· bridge p~ojects we're investJgat:ed-.;the New J~rsey.174, lAartdl-295, 38.·. . . . . . ,, . . ··, . . . . . . . 

· and 4A contr~tts-Lonly the latter ~ork was tested With the roughometer 
' . ~; '. . . . . ·- -. ' . . · .. •" .. : ·. ·;. 

i' 

'' \ 



.. 

i 

i 
I 
j 

' i 
. ' 

As indicated in Ta~le 25, the average. roughometer readings for 
.. ,·. . i" ,. . .- •-c'_,_,., • • • . '. . ,<.,. . . . .. .· i• ·. . ' . .. . ·.· ... ' ' . . .·· 

the three tested I-295 br1dges were abou.t tre same .as those for the 
' i • ,i ., . ' 
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full-'length longitudinally screeded decks:, with respect to both ra.ngec . . .. I .. . • . . 

and mean. The overall avfrage of 120 inches··per mile for these structures 

is again about 40 inches ~ermile less than the manual finishing average 
• . ..· . . . . . I . . . .. ·.. . ·• ·•.. . . . .· . 
and merits a IIGood 11 relattve.rideabiHty rating according to the bridge 

. . . . I . 
deck roughness criteria or other states. 

· . The m~gnttude of t~ese particular readings--,although generally .. . . I 

• ! . 

11 Good 1'--are, however, sur~risingly high in view of the.striHghtedg~ 

data for the structures. !As indicated in Table 26, the• tested portions I:•.· • ' - ·., . ,,, C ,'\; 

. ' . . 

. of the. !~295 c:t.ecks show the greatest conformity· to our existing surface 
' . ' . . . 
I 

. . . . . .' .. · ! tOl.erance of any. the deck$ studied. The lqw measured percent defeGti ve 
- -. I-· . 

• • I • • ' 

length (l.2..;3.1 percent) for these decks was in fact seldom observed on 
' -. . . ,' ' _) '" ·1 _:· . : ' ' . 

the sampled· concrete pave~ents of this study. The extent of straightedge 
., . . ·', ,, -_ .. ·: ·. :· _: ' ' ' -,' 

defects on the other. rol l~r-fini shed job (Route l74}, while. higher than .. 
I . • . 

. . . . . .•.· . i .. •. ·.. ,. .. ' . . ·. .· ·. ,• 
that .of. the I-295 work, iJ only about half that for the best mctnually 

i .... . . ..... 1 ' . · .. •· ·. .. 

finished deck sample (i. e{, about 12 vs. 20 percent. defective) . 
. I . 

A plot of the s~oothest of the tested decks--the i-295 Elbow Lane .1 ·. . 
. I . . 

structure-..;is presented iry Figure 39. As shown, each of the three 
I 

iaasured defects occur.red rjear a joint, the portiori of the slab receiving . 
. i 

t,he most supp lemen ta 1 ha "l work. 

I . 

!I 

i . 
I . 
I 

·1 
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j, 
. ·.•. , . , . I . ..· . ..,-, .... -. . ... 

6. 4. 1 : Nature :of :the Chang:~st:; -Based on the·:observ'e~t''.1 mproved~ ri~ea'bil i ty 
• • ' I •. • e •• • • • •• ,, •' • •• • 

' . ,- .. - .. ' -· .. _. i ·-: ..... '.... ' - .. , .. "· ': ,, ::, ' . : .__ ... :. . ",,- : .. ' 
achievable thru use ofme4hanized deck ffoishihg'¢quiprpeht, aswell as -

. . '1: . . . 

-. ',· - . ' ,, . - : " -1· '· . ._ -. . . .'- . . ·,_ ' ' . ' - : - - -, - - . 

- the assoclat~dpotenfi_atJot·:1rnproved dur_ability,r, ~ew·:Jersey·has 
. ,._~ ... _·.: - - :.-:,-' · ... ·, -- . -~·-:.'::. L._.( ;,.··- .:-. -· .: - . . .· .. -.. ._ : 

recently adopted spe<;ffi·c~tions ;requiring their ·u~e~ .:- :,·:. 
' 

Real:izl'rlg that a qJa11,;ty ';'mproveme.nt '.(rideabi-Ht/ jn. p~rtic~:la~) 
. - .. - . ..· -_... . .. ·_ I -_. .. ,_· - -_.· .- ·.· .. ,, _-.-' , - .- .. - .. -..... - .,. . .. . · ... :::: .:;:/::::~;Q;~1:~r::~;;::t::: :~::f 1::i:; ... :::;:r::::•••.·•· 

·design~ed··to yield,'ah, over~lf.t·onstruc.tiOn cJi111ate\:gr1dlicfve Oto. q~al ity · 
-.. · .... _ ·-·- ,' -.. :·•··._' .. :.1, .. >.-.:··.-_ .. _.- - ,,_,, ,,;.;< ... : - :.:·;:','''., . ·, 

. wc,rk~ ·· A copy of<,the n~w;brfdqe · deck' con~truc:t16n' spec:iffcatfon is••· ··· ·-_-.. -

· .. ·.· ~•.ov1iled ~:pQ,-t ApP;~41iE. CA Dri~f the nial~r ;~1~ts \~ •. · ... 
_ these'new provJsJons is,•as Jollows': -, -
.. -·. . _.- . . -- : 0:. ,. ·• . I - >/ - . . : - ._· . -. . .· ... -·.- .·· -_. <> . - . .•. - . '. < --;: -. , 
' ·:- • ~required pre ... 'plar)nin9:'°-:A~·,·.1east a· month._ befp.r~ the,- proposed --. . 

start\f dee~ cQn~~ti•~if••'~bhtraCtrir mUst Subn1i~'f:~~1Jte• p1:•• ~f · ·· 
-·; ·. operations -for:·revi ew>by:.·~he .. engineer·._·.· •t n ... ~hfs pl an/:the, contractor',} s 

reqU1red to ~r~v1~t11eta1f as t6. ~h pfo~s~",'~th~ds, : > .... ······.• 
· equipment. and perspnnel·•.~tilizati?n/_ Concrete pJate111erf\;,;1l riilt -· 
:. - . . - ·- - .>-, . . I. - ... ' ,' - . . .. -.. ··.· .. , : ..... - , - _,-_·,- •· - .: 

be perinitted until theengfn~~r is'satis_fted•that1 f1rst~ the.operatidn · . ' ·.J. . ., .· . ' . . 
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! ·• ·. I will be compieted within the ~cheduled tim~, secondly, 'the neces.sary 

I. 

·~ ' . 

<on-site preparat1:o~s.havebeen made and, finally, unless there _is a. 

r~a.so_nable expecta-ti~n-;that. the con:t:ractor•s- propos'ai. wi 11 result in 
.-.- . . ·- . · ... - . . . . \ . . ,• 

work of the ~equlred quality. 
i 

• minimum rate of placement: Concrete delivery, distribution 

and consolidation is to proceed at a uniform rate to insure a continuous 
. . . ·: . ·. . . 

operation. A·i::,inimum placement rate. of 30 cubic yards per hour is to be, 
. . ·. . . ·. . . · ... 

maintained for decks of 180 cubic yards or less, whfJe 40 cubic yards 
: . . . . . . 

per hour is specified for decks of greater volume. 
-·. 

• permitted finishing equipment: . Unless otherwise indicated on 

the plans-*, an 'approved s,elf~propel_led finishing machine .of either the 
. ' . . 

rotating cylinder or osci 11 ati ng type is required .for deck strike-off 

and finishing. Longitudinal or transverse. type machines are permitted· 
/ for spans up·to 75 feet, while machines for spans in excess of 75 feet 1 

are required
1

to 'be of the transverse type •. · longitudinal finishing equip~ent 

must be of the full span length vari ~ty. . Transverse machines must generally 

··-be of suffitient,size tofi.nish a width.at least equal to .that of.the 

approach pavement. Prior to the placement operation,. the_ adjustment of 

the finishing system .(both the machine and guide rails) and the cover over 
· .. 

rebars and forms are to be checked by means of a dry-run .. 

*According to criteria developed jointly by Department design.and 
construction forces. specific conditions which preclude machine 
finishing are a limited number or size of structures (a one bridge, two 
span contract; slabs less than 60 feet long and/or 24 feet wide.; deck 

· volumes less than 75 cubic yards) and difficult/complex geometry (decks 
on a radius of 250 feet or less; acute skew angles less than 40°; 
variable cros~-slope; certai~ combfnations of va~iable width). 

! . . 

I 

.,. 

\ 
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' ' . -' ! 

I concre:te placeme~t: The delivery and ,di'stribution of concrete 

· shall be such that the wo~king face of fresh material is at all times 

approximately parallel tolthe finishing machine or other strike-off.· 

The operation of a transv rse finishing machine shall be coordinated 
I . . 

such that the Jnitial strik~ is: never more .than JO fe~t ~ehind the 
l . 

. Placement. St,rike-off byia l9ng.it.µdinal machine is to be. delayed 
I .•· .. ·· .· .. ·. . . .·· . •. 

until c;:oncrete has been placed a minimum of two hays wide over fts 

entire length~: This delafwfll · permit :that portion· of the deck to 
' 
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assume most of it~ final ~eflect'ion arid thus will minimite the potential 
i 

for deficient c:over/slab thicknes$ .. Subsequent strike-off by the 
. . . i . . . . ·' . . . ··. 

1ongitudina1 mach.ine is tq uniformlY Ji;lg placement by the minimum. 
I 

• I 

two bay width. After the [initial strike, any operation requiring 
I 

access·to the surface shalil be made by means of a work bridge~. 
i 
! . ,. 
; 

While many readers ~ay be fami 1 iar wtth the general need for 
. .. ' '. · .. · i . ·.. . . 

specification requirements such as those described, the following 
. ! 

extreme example flJustrating this particular need is believed 
. I 

worthwhile: i 
: ; 

i .. . .. r 
On one of the studi~d bridge projects, the resident engineer 

I 

felt that 'the con tractor I~ proposed methods of placement and 
' . . ' . •. -.· . i . ·.·• . :·-· . . . -. :, .. - . . 

finishing {hand) would be linappropriatefor the approximately 145 cubic 

yard pour. The 

in the proposal 

. . . i. --· ... . . :: : ·. . ·. . 
resident\1as not, however, able to force modification 

I; . ; . . . . 
under the !existing specification framework. The -

I 

\ 



• ••• : • • • • • ~: •• '. ' • : • •• ; :· ;· •• ·, ,·; •• •• ; : - : : ·, " ' • : -; • i • •• • ' : • " • J • '.', .. • ' . . . . . ' . \ • 

anticipated problems -~ier~ •re~lized -on domm~hting :the operation., The : . '. '. . .. :•·· .,. •. .. ' . . . .. . . 

J , ' placement i method Droved ' i nadeqrate 
system had to fa{ improvised. ; 'This 

. ; . . . . . ' 

. . . . . 

ln t4rn necessitated on~the'.'"spot> 

' recruitment ~J addhinna1 labor-from :ets~wher~ on: th~ :project (e~:q. ' ·s_tee 1 

',· painters, .asphalt iaborers/ a foreman 'fr1m ~nother c~.rit~ac:tqr) .· · Placement 

proceedec('af a fate of about , 2:cubic yards p~r hour/until dark •. Ho~ev~r,, .. · .. ,· . . . . . ' . ,. ' . . . ·: ;·.· ,. :,· .. •.' 

' df wldely varyirlg.,workability--was not able>to: keep up with, even thfs 

· relativel; mode~t, rate of place~ent.:·. Fin81 finishing continued .unti-1 
. . . ..... .... . . . '. ' . ' . ' 

about midnig_ht)~hder the, ( i~aaequate) il)'umfncd:ion provided by vehicle' 

. headlights· and: .sev~ral prop~oe lamps. / ··subseq~ent'rolling'st:raightJdge 
. _I ••. •. . ..• , ,··.· • , . . .·· •' ... 

measuremer1ts indieated· tliat about -one~third· of,'the deck exceeded the··• 

'speci'fted :s~ff~:ce toleran~e, with indiv,idual d~fects tangirfg up to ' 

1/2 inch plus.' . 

Whfli a number of otiservatJons can he made .. conperni ng this ·. ·' 

example, poSsi bly the. mos·t impo'rtant is tl1e obvious ne~d for a well 

thought-out pfart of constructi O!). ,· 
. · ... ·_. ' :· 

, 6.4~2 tmel~mentati;on of the'Changes: ,· The describe,d changes' 'in. New._· 

Jersey bridge deck' specifications were jmpl~mented in a two-~tep' 
' ' . , .; !.• ' .. .' ' ; . • . ' .. 

process. T~ai-\s,, prfor to ~ctual adoption'. ~f 'the s,~ecific~tion, the,' 
.. -1-

, contractor gr<)~ps affected were· notified of the imoending change and 
,. . . . . , . ,. ' .· . . ; . \ ·, . . . . ' · .. } ' . . .- . . . . . . ' . 

strongly encouraged to us~ machine finishing' ,~; th the r~visi ans actuall,y 
•• ' • , ' •, - ,._ ·-·. .,, • ·' < ,· • • 

. ·.being i:ncorp~raJ~~· sh months 1,ater (~ply l~ 19,13)_. 
I . 

,,-. 

I 
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An encouraging development in this regard has been the cooperation 

,and feedback by New Jersej contractor groups, , notably thru the New Jersey ·, . ' .· . . ' i ' ·. .· ; . ' . ', . . ' ' 

Heavy and Highway Construction Industry Advan.cement Fund (NJCIAF). , A 

series of deck finishing sleminars jointly sponsored by the Department 
i 

and NJCIAF have stimulate9 a better understanding of the advantages 
' . , - .. •. : . . . 

and the limitations of machine finishing (e.g., the need for designs , 

compa•tible with machine ipJ~hods) on the part of the contractor, 
\_ I • . .• • ' 

consultant and Transportaifon Department employees attending. , 

' ' ,i ' • . . 

6.5 PROPOSED BRIDGE DECK !SMOOTHNESS ACCEPTANCE SPECIFICATIONS, 

6.5.l General:, A close ~nalogy exists between the use of mechanical 

bridge deck finishers and:automatedpaver controls with respect to 

the equipment' spotenti a 1·ltmpact ·on rideabi Hty and the actual 

rfdeability achieved. Th~t is, ,whil~ required machine finishing can 

be expected to effect an overall improvement in Ner',Jerseybridge 
. . . . ' 

deck ri deabi 1 i ty, the deg~ee of accepta~il ity of indi vi dua 1 future 
' ' i ' :, , . .. .., ' . ' ' ' , 

projects will continue to\dependon the extent towhich'the variability 
I , 

inherent in every construction input -- men, materials and equipment --
, . , ',. , f: :, ,' : ,, . , '" , , 

is controlled. There is a reasonable expectation that even on 

well-planned projects, anloccasional shortfall will occur with respect 

to the specified rate of fupply, the proper use of equipment, or , 

the quality c;>f workmanship. 

The class ,of deck construction most likely to provide exceptions 
, , 

to any trend for, improved/ rideability are those, where hand finishing 

is permitted by specification exception. Since none of the hand-finished 

decks tested in this work[ approached <conformity with required surface 
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. . . ;· . ' 

tolerances, it seems rea'sonable to expect substa~th1 noncoofohnity .··, ·. 
,, ,· 

on future projects, especially since one, basis for permitting hand-
. '· 

finishing in the'.future,wi ll be the relative complexity of the deck 

geometry. 

New Jersey's deck construction provisions continue to specify 

that the deck shall be completely free of straightedge deviations 

in excess ofl/8 inch in 10 feet. In the event of a non..;conformity, 

the contractor is 11 allowed 11 to remove high spots up to 1/2 inch by 
I 

grinding. This zero defect provision is equally, if not more, 

unrealistic .for bridges than for pavements. 

The underlying philosophy and details of proposed alternate 

specifications for bridge deck smoothness ,are developed in the 

following two report subsections. The criteria offered are pa~terned 

after the rolli.ng straightedge-based provisions previously recommended 

for pavements. 

· 6. 5. 2. Underlying Philosophy: . Deve 1 oping the overa 11 framework for 

a riding quality specification is fundamentally an exercise in 

engineering judgement. This is particularly true in the case of bridge 

deck smoothness provisions since, while adequate, the present deck 

rideability sample is certainly not exhaustive as to roughness results 

obtainable with machine finishing. 

A discussion presenting the writer's opinion as to an appropriate 

basis for smoothness acceptance of New Jersey bridge decks is as 

fol lows: 

\ 



I 

• Specification oJientation: . ~uture New Jersev.br:i dge decks 
i 

. -.•.' '-: . ,' ' '-- ' . . -., j . : ".' ' _' . _· '_ > ''·_·, .... -.. :_' :"" . : . ' ' ' · .. - . . '' .. ,:·:: . ' ' .· - : wi 11 fall in one. of threejgeneral finishing categories;..-machine 
! 

finished by specification~'reguirement, machine finished by contractor 

option, or manually finis ed. 

Obviously then, th' first decision ·which must be made is the· 
! . I,. . 

type of deck finishing re~ultsJ'i .e., hand, machine~ or>bbth) to 
. . . . .. . . ·.. . .• .. I ... ·.·.· .. · ..... · .·•. 

which· the. specification iS to be<ortented. 
• ' . 1-_, ', .. ,; '·-,· 

I, . • . . .·· . 

The, sfgniffca.ntly 4ifferent level of ·surface d~fects. between 
. ··• . : I . , . 

hand and machine-(inished \structures tmmediately suggests .that .the. 
• . I . 

I 
. . '· . ·•. . .· .· ... ·• .· .. . . . use of a single, 11 umbrella 11 provision for both types of construction '. J ' ·,. -. - ' 

is not desirable. · This wduld be especially true if the spec:tfication 
. . I 

. ···• · .. · I . • 
was oriented to .. hand fini~hi ng. The. problem here .is that while it •· I .. 

would not be falr to penalitze .a:well-executedhand-firiished job, ... ·. I .. . .·· . ·. . ·. . . . 
.. I . . 

available data indicates that even our best manual construction I . . . - - . 

dsplays considerable d~fedtive length. Thus, the tequired leniency 
• . ' .· . ' ! '.' ' 

. •. . i. .. .• ... · . ·... . . .. •·••·· .. · •· in a specificatton incl1,.1dilng manual methqds would.preC:lude .the use . I . . . 
I 

· Qf acceptance limits that iaccurately reflect the des free! level of 
i ·. . ',, ,- ' ' ' 

rideahi lity. Further, sudh ·leniehcY•~Ol.lld notistimulate cdhtractors 
i ·• ·•·. . 

who use· machine finishing Jto, obtain .the best results achie\table with 
. I . .· . 

the equipment. In view o~ these difficulties and the relativelY.low 
\ 

estimated percentiige of fti1ture deck constructiqrLthat will be;excepted 

. from machine finishing rt1q1ui\rements {about:20-25%), it seems apparent .. 
. ,, _,' .. ' 

that manual and machine"".fi\nished bridge decks Should be governed by 
! i- ' 

separate acceptance schedules. 
i 
I ·1 
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An.additional important consideration in 9eveloping smoothness 
_ .: :~ ·/ i"i_iX-~.:,.. 

specifications for bridges is the desire .to encourage use of mechanical 

.dec:k finishers even where such equipment is not specifically -required. 

This factor SLJggests that the smoothness prov.hi ons for machine finished 
. . . . ' . . 

decks be divtded into subcategories reflecting whether use of mechanized 

methods was required or, elected .•. It is highly conceivable, f?r example, 

that 1 f given a choice between finishing methods a.nd faced with a· 

single {relatfvely stringent) set of provisions applicable to1 machine 

finishing, a contractor would be extremely hesttant to us_e other .than · 

manua 1 methods~- . 

·· Based on the preceding then, it is proposed that separate 

acceptance polfcies be adopted for .each .of the three cl asses of· deck 

· finishing, theJlrovisions of which generally proceed ln Order of 

increasing lertiem:y from required machine Jo optional ma.chine to manUal 

finishing. 

, • Limits Since'>the optional rnachine and 

· manual f1n1 shing categories willb~ the exception of f1,.1ture deck 

co,nstruction projects, a discussion of proposed acceptance Hmi ts for 

these cases w1 l L be delayed to a 1ater r-eport subsection ( 6. 5. 3). 

In the case of ~eeks specified. to be machine finished, it. is 

believed both feasible and· desirable that ~cceptance limits be generally 

structured so as to athie~e a goal of comparable ri deabi lity with concrete 

pavements. Like Pavement·s then, a graduated penalty scale is proposed 
, ' ' . ' . ·. :,. . .· . ' _.. ·, . 

for decks· which exhibit surface irregularities httermedfa.te to an 

acceptable quality level and a totally reJectable quality level. 



.· .. ·-?f.·,:-:· 
' "The. prop~~a l for 'dec;ks ,idoe,s .f how.ev~r ,: envi sJoJ\· ,"departµres from. ' 

·.•· .. ··.• ~l\¢a~C_e;?,![~;tt1a~ f.qtp•R~~i; ·.~tJt~ end qf · J.Jt ;~enaltY ·.~pecttu~j 
T~e-·firs_t ~f. th~se involve!s the: penaJ.ty/no ,penalty .d~ma,rcation for. 

mac~f ne~ff nf, shed .~ec~~ •~{1~ best, desc~i be~ ~s "reature" of the · 

--i: •. 

: higher· acceptance >limit•. ::.combined .:.w,t:h· a . (later,· described} higher · 
• ' ·,," , • • •• , • •• • •• e • ' " 

.s.;traightedge sampling rate, will signlf}carttly. red1.u:e-•a·,-con;tractor's ·, 

·.'r~s.k of .ha~ing adequate.·de~k ,;ide~~fi:li;y reject~d- andp.enalized.·· : 

·. Eul'tl!~ r' th 1~. 1'9~1 n~ti on k .... , h j 9her. ~:.:•~-tan ce 1 ~.mi t and •~1111' 11 ntj rate 

:'.:;will: eff$c,tfve1,j· redefi-ri~/f.he·,ac:.ceptablf '(no·· ~enal ty') qual i~!: level.·· - . 

<:for machine .. ffnished' b~i cJg~s:·,as<l'Fai r,''<ri;de~trtltty rather than 11 Good 11 ' ' . · ... :•·.· .. ' ./ .: <··.. r .... . .·· . . . ..· ·.. .. 
' ·.·. _as requ~ red fo,t- pave!"E!nts ·+ .r.n' (!ffect then{ New Je;seY would actually .· 

: .' .• • . . • 1 • ' ·•. . • •.. ' . . • 

·"' ' ,· - " •; . ' : ., '! •,·.. ' ' ·.. " ' '; ,· '·: '. .''' ' ' ' 

,.be .followfo,g :th:e· prev·iously ,noted:practiqe of· some .other :s:tates o·f·be'ing ·.·•·· ' ' '' ' \,. > :· '.•.·· 'j: ' '·.··. ·•·. ,: ' ' ' ' ' 
· '.leS:S cr1tic'alt-/of,decktride~bi1ity.·' · •. "1 ··· 

/ '\, • I' \ .-

Ad di th>na 1 ly, du~· tr the greater expected fr-equencY _of extens'i Ve 

:strai ghtedgedefec:ts:..and,:t~eir:assocfated>~reater l~o.rietary)· consequence' 
,. . . . ..·. ': .· _'.. ', .... ·... . . ·:.. ·. ·l ·,... ; ·. ::·· ,:. : . . ,- . . "-. ·'. .. .. ·· ... ·. 
9"\' bri•dge·:dtl!.~~'>compared ~o,:a·pavemen~,.amore ·.fun~amentaY·departure · . 

. . t.;~ th~ ~~-: aic~;a.f p i~n: rs . ~cOss&ry at other Penal tr. · .. ·. 
. · e.xtreme·.: Jhatrfs ,eavapab~e. data*,isuggests,.only·· a;n-'h1fr;e.quent ,oc·currenc~·; 

.. ·.•·· '.it,1>.~nt .lo~f so;condtimtty ~~gti.as\o<:all.f?l" the.hK>St severe . , • 
· ,penalty.; .. ,In ,<:ontras,t, ,eve1 .'some,.of the machi n~+fint~hea:'s;pa~s 1n, the 

/:> < •.. 
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present data ~a~pl.e display a percent defective in excess of-the 

remove/replac~ cri:lier1a for concrete pavement (i.e. ii t 0 > 14%). If 

. removal and replac~ment is a drastic and seldom exerdsedmeasure 

for·a pavement, it is·even:rnqre so in the case of,a deck.·· Consequently, 

while ''Very Poor".. rideability could reasonably be used as a totally· · 

rejectable quality -level on both pavements and bridges~ it is<suggested 

that some rang~s of bridge deck percent defective 1ength above this 

truly "totally reje.ctable 11 •.level,. be accepted but with. increa~ed percentage 
. ' . . ·-

payment reduction~. This is not to say, however, that -the state should 
. . . . .. . . 

consistentlY, accept decks which are actually of totally rejectable riding 

quality ·from a ·given contractor~. If a contractor provides a span 

w1 th a gross percent defective 1 ength, this is evidence that his methods 

. and/or equipment are foadequate and he should not be pe~mitted to 
. • t 

initiate any ,further project.pours until a revised:plan ,of-operations_is 

approved. It is here suggested tha~ if a rnachine-fi.nished deck displays 

20 percent d~fecthe length, this constitutes a "grossly non-compliant'' 

level of surface defects, indicative of a ·need ·for revised.construction 
I 

practices. 

• Penalty•d:0llar.value·: · It seems reasonable that·.the dollar value 

of any bid price adjustments for·rideability deficiencies should be 

essentially the same for Concrete pavement and bridge deck construction. 

That is, the concrete pavement and deck smoothness provisions should be 

structured such that a straightedge percent defective length cqrrespcmding . . .• ·. . . I· . 
. to a given degree of unacceptability wi'll result in about the saine 11.X" 

dollar payment reduction per unit of s~rface area .on either type of 

construction. 

,. 

' \ 
\ 
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-Wh;lle .th~ ·tnderlying ,basis of $nlQOthnes.s. pe<n-a;l ti~s is the. a1110unt .. ·. • .. '·. . •. · ..... : -•... , ' '· '! .•·_ .·- .... · ,:..\ . ·... . ._:. .•· . . .. 1. 

of rid-ing., .~-~rfac! .. ~rea: ,proytq~d:,, .brJdge~ dec,k bid ~rice adJ~.s:trnents should 

. forcon\leni~~c{'.t,~le.vjed.· J,n' .to·e cubi~ ya~d'pay item fo.~ struct·1.1ral ' . . . ' . .' . . . . . . . ' ' ' -' 

• " • • .-•. • • L •, •• • 1• . 
0
.' •,, " / • ': " • • •• • •• : •• • ·:,:,_ •• ••, • ~•: •• • • • 

< concrete. .Curren1; ~id pri ¢e.s irtdi:cate. that to ac:hieve ·G9mparable .. · 
• . ' .. . . : . • . - • . ' . i_ :· . ·.' . 

penalties,. each ::Qne percent payment ~duction per square yard of 
I 

· concrete pavement. should c~-rr:Jspond t<> '/~bout: a l/4 of o,ru~ percent 

: payment red~c:d<m:per dubjcl i,a.rd•>cif 'deck ~cmcrete: itfr111she~*·~·· · 
. .-. . . . . - ' . . . . - ·. ''.:.'. :· . . - .. 

. . .. ·.·Any ·att~nipt .to· achieve 'tomp"arable. lienalties· for'ce>nCrete. deck .· . .· .. · .. · .. •···· ;_ / . : . l .· .. - ,_ i : ... -· -.·· .· .. c,:: ... , _-. ->. . . . . -. 
. and pavement C:Qnstruction ,must~•·howe.verr re.fleet the fact;_.that· appltcation 

of, a'·$mail per'centage payment ~d~ttion;, "to 'the relatively, s~all area of 

a ,bridge ded(c~n result ir:ra· very nomi:nal .absolute.:.:-p,enalt,Y. 'To. 
'illustrate, Ta'hle 27 Sho~.s lth~:~xp~t!~d;dollar va]ue_: of:·a'.·~-n$ht (2%J .· _ 

. ·... . · .. ':: . '. -~ . . .:-~-::;· •.' .. ·. . , .. ,_ >•.,, .. :•;··.·.·.·::'.,_ .· ', ·:. 

'penalty applied to a "typida1 11 day•$ production of bri'dge' and on:.:grade ,• . . ' •·. ·, ' ,,· .·, . '. . .·. i '.: ' ' ; ' · .. ,· :_ ' - '; . •'' ·· .. · ' :: - i : . '. ' 

· paving. Ftoin these cal:cul~tions, it af?pears reason,able 'that a contractor 
. . . ·. , . I. 

· .. :'placing- a pavement would, ~hru approprfa.te' control proc:egures' actively':_., 
... ,. __ . ,;.! ··:··· ... "",._.:-•:: .. · :·--\ ... -~·· .·;~-._ ·_:•·· \ ,·./· ... ·:··.~--. --~•'··:- .•'!,·•··:. _·_,: ~··-:- ':·.,•:. -~_::' __ .,;,_·,." .. -.·· ··., '•• ·:·- ,• :.·.· 

- attempt to minimize his chances of receiving even this lowest pP.nalt.Y. 

,ln contrast~ the consequen~e·~f' th~ slight :peiaity_,pri a bridge de~k is ' 

' so modest-'as ·to be of dubidus \aJue i 1n -~otivating:',the 'contractor. B~sed 
·, .. ·. ' .•··· .. :J, ' ' ,\:i< . ,, > ·: ' .•• ' ., ' • ' . ·_·,. :-<~ <: : 

on these considerations; t~e. lbwesf smoothness :pena:lty ·for bridge detks 
. ' . . ,. ' ,· . . ,• ' ..... · .. ' •. ! -·'-_. ,.·. : ·.. . . . ' .. ' . .. . '' .. '·_ .. ' .. , ., ,... . . . .. ··. 

will be set at a ·level whidh -hopefully will stimulate the contractor to 
. . . . . - . . . . . . ' . ,· . ·. . .. , , .,. . - . . 

avoid pro~iding the state -~i'th 'm~rg,i·n:ally acceptable ~s: well as totally 
• I 

*Example: . A one percent penalty ~ssessed on 9 :in~h.:thicLNeW•,'.Jersey 
. , pavement typically bid a;t 1$10.: to $12 per square y~rd amounts ·to a., . 
· i/pa.Yment reductiqn of 40 t9 :50/ cents pe~ :c::.ubic ya~d !;uppl,ied~ ,iApproximateJy 

the same reduction would a-ccrue from an 0.25 percent ,penalty on our · · ... -· 
typical deckconcrete bi.dlat $150 to $l70 •per cubtc y~:rd~ ·· · · · · . ' -. ' .· J: >· ; ' : -·.. .-.·_.· ' ,:·,_.-i'/; 

J 

'i 
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TABLE 27 

Estimated Dollar Value of a "Slight" Percentage 
Payment Reduction App 1 ied to Concrete Pavement 

~nd Bridge Deck Construction 

. 11Typi cal'' 
Concrete 
Pavement 

''Typical" 
Concrete· 

Bridge Deck 

Daily Production = 
Acceptance Lot Size 

3,500 yard2 
. per day 

a·12syard3 
dec:k pour 

I . , 
Unit Bid Price 

Adjustment . 
Associated with a 
IISlight" Penalty 

I . . . 

Total Penalty 
Applied to the 

:oay's Work 

$10 per yard2 

2 per~~nt per. 
yard.= 20¢ 

per yard2 or 
· 80¢ per yard3 

$700 

$160 per yard3 

l/2·§ercent per 
yard = same 80¢ 

per yard3 

s100· 

t Timing of specification implementation: It is proposed that 

New Jersey's smoothness acceptance provisions for machine-finish·edd~cks 

be implemented in. a schedule which provides a one year period of very 

lenient provisions (i.e., penalties suspended except for "Poor'' or 

. IIVery Poor" rfdeabi 1 i ty) pri.or to adoption of acceptance limits 

accurately reflecting various degrees of unacceptability •.. This 
. . ,. 

transition period would provide contractors with the opportunity to gain 
I ' : • , , 

further experience with mechanical finishing equipment, our new deck 

specifications in general, and enforced surface tolerance requirements 

.1 n particular. 

I 
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· ,,-,; ,,~~, - . ''• Arno1Lint ·of 'testi'lig ·pe,rfor,med,:·".···Urilrike paveme:nts, ,it is entirely · 

.·.~r~~!tcaJ'.t,0 ~•tin~l:t'ft t1,e.fulMehgth •of each,wb:e]p~th •Of a'. • 
br1dg1:1 sp•n .\'ii th ttur t-tH}inf sttalghted>ge~ t·>'Con.s·equently ,.• i:Such,ia 100.· · · . 

; . . .... · ·.. . '.- .. f . ' .. .. . ' . ·· .. '· .. '. ·: ' . :-

·. ·. -:pe~cent s'am'plJryg, plan' is[·ih~orpdrated lirt the· re.co~nlended sm~othness :, 
' ; ', ,; ' ' i >.:.•-- •.. ,.··_, ' ." J _ .. ' 

acceptance ·scheme for' brf.dge.s~·,, ,, · 
:.". ,:· .. , ·~,;•·C,• _. ,•• .• •; • •:" . t . •. ·. ' ... • ,. ·:> .. 

· · · · -. Ari 111\po:ftarit benefft•-of'.t~sting,all wheelpaths· ts that/_in, 
·. • . I . . • . . . , •, . • . ·-· '° -· .· , 

'comparfso'n' tt>, paVe~erits ~f coritra~.tori an~··.,sta'te penalty risks,_( r~'jec~ion ' •. ' 
' ,;,' - .·' ,' ' ·>i " - - - ' ·' ' ', ', ' ' _.,, 

of goof,~nd'ac~eptan-ce of:poor rideability, respectfveJy) can both - . 
.. . .. · l . ·-· -·· . - - : . ·, -- . - . 

I 

be reduced. This accrue~ from the fact that elimination. of-vari.abi,fity 

i 
i 

introduced bf.fractional;-~amp'li~g~-'general]y 'by far.the larger compoOent I ' 
. . . : · .. ·.:. ' . 1.:·· . . . -. ., .. _: 

· of \total ~straightedge measurement p)·•ocessivari ab-i 1 i ty•--~i.ll. cause : . ,. . ' :'' . -~-.. . .· :- ·: ·., . :·. . . ' ,.- : ' . . ' .- " -- .- . . _. . . . .. ,, ,,._ ' : . 

bridge deck .. str~tg~tedge[measurement dispersion' tQ be principally a , 
.. .. ' . . ~· ... , . .-. ·, " .-·. . •' . i, ': ,'.. .~ :., .· . . . . : "·.. . . ·, 
· ',function of the precision of the instrument, itself.. This fact ta·n," ',, ' '' ' ',· J '' ,· ' ' .· '• ' ' . '·.: ' ' ', ' 

for. exampJer be expectedjtf:> resu]ttn:the measurement standard deviation· s 
. ,: . . . :. . .. ·. . . . . . . ;- ; . . . . . : \ .. · ·,_ . . . :·1 . . . ' .: . . . ., . . . ' - . 

being reduced. t>y at. leasi a factQr of.three compared to vari.<>us 
. . ,• •· '·. ' . . . :·- . . . ·- . •, . ' . · ..... . 

' ',' ' I, ' ' ' "' ,, ' ' " ' 

factional sampling plans: einp1ored ·tor a·c,ceptanc, of 9ory~rete pavem,ent. 

;,r As-- pr!!v,ously. all u4ed.to, .th,1.s··re1ati ve. reduttion,_ in. mE!asur.e1J1ent . 
·, . - •. . . . I .· .· .· . . . 
'.uncerta,inty in turn has .• n .implicat1o·n on :the comparative leniency . ' ... · . '., . -· :··.; ·:' . '. '• ,. . ' .· - . . . :. ·, ' . ·.. .. . . . ' ,' ) . 

I 

betwe.en. t~e:.· smoothn~ss. acceptan~e. : plans for, concrete pavement and-. . ,. . . . ' .. " . -,.. . . . . . . 

br1.dge deck~. Th,Jt is, recall tha~ the pe.rcent defective length 
, , • • . I • , , , , • . , , ' 

' ' i ' 

-· correspondtng t<> the: onset of :concrete pavement smoothness penal ti es , 
. . _·· .·., ... : -·• ·_, • r' .. ;_ .. ···• ·-•··. . .·. . . - -• •.. .·: ..... · . I 

· was not. set solely on the ba.si s ·.of the acceptable; qu~li ty level. . . . . . . . T-· , :. ,· .. , .. ··. . . •···. . . 
(L0 • 3%:·~ :"Good~:), bu,t, t,~her at,ahigher. ~ev.el (Lo/= 5% =. 11Fafr 11 } .. · .. , .. ·,·· ": '.' ·. ---· l . . ... _ .. ·. . , ·• . .. . ·. - . - -- .. ' 

_ that allowed for measurement uncertainty.· Since less. measurement--0 -·- · 
·. ' '_;"'_". ::·": ,,•_.I ' • ' ;, ,'' ', 

.. ! 

*cf .. Fi'gur-e' 26, page .J 14. 
',· '1 · 
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variation is expected for bridgedata, the onset of penalt;es could be 

set at a 1 eve 1 closer to the des; red qua 11 ty 1 eve l w; th no increase in 

risks*.· Consequently, use of the !!!!!_ "no penalty" demarcation for 

decks as for pavement (5%) actually would be more lenient in the case 

of a deck since it would 1n itself effect a redefinition of the 

acceptable qualit,Y level from "Good" to "mid-range Fairll rideabilfty. 

The current propo,al to increase trris no-penalty demarcation from 

5 percent to 6 percent results in an even more lenient acceptance 

criterion •. · 

• Retaining the engineer's discretion: .While application ,of 

the-._proposed penal ties for deficient riding quality is not optional 
. . 

with the project resident, it is felt tha_t any decision as to remedial 

measures for surface irregularities should retain engineering discretion. 

The proposed specification consequently contains a conditional statement 

that the engineer may order any or all surface defects in excess of 

1/8 inch in 10 feet to be corrected~ The important fact here is that 

even i so 1 ate,d surface defi c1 enci es may require correction because of 

their pronounced detrimental effect on rideabili ty or the overal 1 

proper functioning of the deck due to their magnitude, location or 

interference with drainage. 

In this connection, it is to be noted that this matter of 
i . • • • 

engineering judgment also applied to cessation of deck concreting. . . 

Our new deck specifications will permit the engineer to reject equipment 

i 
*Consider the extreme case: If there were no measurement variation 
in straightedge data, the ,onset of penalties could be set !!lt slight 
increment above the acceptable quality leyel with ao risk of making 
an inappropriate acceptance/rejection decision. - · 
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: ·.,.:,i. . . ._;:·· :-:·: .. . :· . . .. ,: .. !·',:..' .. 

····or/ ffl!lihods ~~ii;h ~$Ult i j/~H thit d~f z!t~~etj~e 1i8thi nt·•·· . 
. ~urfac~ tole,rance.; :Thust the previ.ou$}¥:•~ijg,ge~t~d __ (29t· defective)· 

'1_1·mt(~f°'r~ti·;;;·i•~e~-_pla~ lot 'oper~ii,or1s·· h not. intended as. the·, limit . 
I . ,·. •• ··,: :·•;;_ .·'•· ,. : •• · -~ : .. :·. , •• 

for·c;l1 SC01'1~1nu1ng operations.:. but rather"". ... 1n· the wri t~r• s View--,s. . : ·. . l .· .. · . . .. , . .·· .. 
a boundary above whi,ch t~ere is no reasonablELalternate. On, either · · 

I .. 
the mechanlzed·'or- man~al_ :·type of ctecJ( constr,uction :then', the' engineer 

. . ' •, . ' . - ,..; . ~·': . . . . . . . . 

.. -, .. ·\·_·'::-:-·· ·: '.· :> ·. .. ."". ·i: .-. ·.: ·-;:·. >: 1': ·· ... ·,•··· ·,_ . ., .·- _·.. · ... -. .:· :·~ ... :.· . '. :·, . 

·.·.·may (and shoµl'd) in some icases ex~rc1se·h'1s opt'ion to discontinue . . · . . ,, .. •.', ,' ·,t ' . . . . ' ,. . ' . . . 
. . :- .. ,... . ·. ... i' . ,· ·,•; , .. ,• ·, :· . .. . '. . ,···>.; .. '· .: ... ,.. . .. •· . ·. 

operations on decks where some less.er percent defective results. .· . 
. . . :· ·'., · ...... ·: ,-. . ' ! ·, .. ; ". _.... '.·. ""· .·' .... . . : ·: .. ·:,. .•.. . . ) 

... ,-.·· Dimihf'shed ·va'1u~··of·a·cor·rected surface:·· ·Thi,~·-far,"the , . 
. • .· : - . • . - . . . ·. ·- ... .- . ; _ _. ·.: - - , ·-·: .... -'·>·-" ___ :.,.;· .. . l. , .--,· :_ -~' , .'._- :· ·i• - •• : • ... .,/ , .,, - , .• 

. discussion _of a ·aeck :smoqthness acceptan,ce_scheme has by' implication dealt 
.•,·· .' . ' _.·· ,·, ·.< " .. , ... ·••.:i ..... ,··· .. '·:•' .. ,,:·-·._;:_ ;'..'''· ::_· .:·· .. : .· . · .. · · .. ·· ·. .... . : 

with,only one,of .thetwoip6ssible general cases of deck acceptance: 
.. . • l . . -.· - -, -••.. · -.. • ·. -·· ·. ,.,. • .. 

. :,. :·- .. _ ·. ,1·.'.· ... :./· .. -._:·-· ... 1. ,:- .. .- ,.·:''\.- ~-- .. ,··.· .•. • :'. :<· ... -·: ,·-.·,,_.< / .... 

.That 1s, with the case wt,ere surface< irregular1t1es .. in excess of t~e .. 

specff1cat1on tolJranc;e 're al 1 owe;tJ 'to reina1n,in. ,•piac:e' ,on·:· the. d~bk •... 
. ·_\···, '.. · .. ·-:,,.::,:-_··· .· :._. . .. . f' .· :· . ..... '._..... . :. ·,. \·:, .. · .. :>_·.,--:,._,,:·.» ..... ,·: .. :.' . ·. _· .. :_, ... __ . '. 
An appropriate J eve l _ of pen a 1 ti es for the second pqssibl e case;;. -tha t 

. . ·. . . . . : .. . _, ., ' . . ., .~: ' . . . . . :c· : 
: . ·, . .."~. .· : ·:·· . . •, . ' .;' .• 1 ... ·,,. < • ' ; • • • • • • :·•.",, ' •• • -.· : ••• :·. • .: •; • • • ••• .- ' ,:·; ••• •• • ' ·: :, • •• _. 

where "the Ertgjneer r~quirres or .permits sQrface deficienctes, to be .· . 
.. : .: ·. . . •. ", . ,.·· ·.. . !. .:·· . , ... .'.:· .. ,• '·_ .,.·. ,. " ' .. · ., .·',. ' ' 

.' corrected by either filli:ng or gririding;.:-r-emains to be determined. · 
• . I . . 

It see~s reason ab 1le · tha:t 1 f s.urf ace rest~r,ati ~ns ·· are·· r~~uii red, 
. ! . ·•. . 

. .·. . '.' ·.. . ., : i . ·' . ,.:. ... . .. ,:. . . . . . . ·. . ' 
factors quite apart from i,rideab11ity--1ncluding the diminished appearance~ 
. ·. ,·: . ,. · .. ·, .: /·. ' . . ·, ,·.-[. . .. .. ' .:· ";· .. , ... . . . .·. ·, ,,; . ' . : ., 

. 'durabi Hty • 6:r s~1 d res i ~tance of a ground or patched''''s'urfac~..:-cal l .for 
. • • •" • ' • ' • • <I .• • 

... ' . ' ' ~- ··.·. ·. . . : i • .. ·' : ;" . > ' ·. 
· at least some minimum payment redu..c:tion •. · 

• • • •' ·,• •, I • •"., 

tn' 'the s~t>Ject de~k specification, ·_it is pr,oposed that if surfa'e 
··.:";-.'_:·,.,,·: .. , ,.,:·,,,:___.:..-.,,·.· ::: ... (:'· :, .·.·•·.: .. ·- ·:.,,·, .. " .. .. : .·· •,·.·, ·:· ·: .·.· ... ·. j 

correeti ve me'asur.es are r:equi red, a second· strai ghtedbe sampling 1 s to 
/. 

· be ntade of the ,corrected jsu~face·~ .. "The contractor is theri, · assessed a 
,:!• ·.. ; : ' :·. :·.. -:.'t ·. -.. ·:· :·\·. . . .\ •' '. '·_: .· ...... :...... ': .. _-_·_,_ .. ·_ :, ..... ·.. . . . i.' 

· .-, · penalty corresponding to \the revised-percent defectiv_e length indicated 

. . . in the retest or at least ·2.s- ,,e1~c-ent, -~i\~he · bid price of the concrete -
_:~.. •.,. •., • ' •,: '••" • . .: •,• •. , .:•••~• ,••., .. ' ~•. • ... •'• .. • . . .. ;.:O . ,.:"::' ,• • .. ' ,, • i. •• I •11 

•'i >··:'·:,_,,· ,: 
-· 'i 

I 
! 

. : ' . 
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incorporated n the affected slab. Thus, if su~face defects are so· 

extensive or severe as to require selected sutface restorations, a 

minimum penalty of .about $500 can be expected for a 11 typical 11 day's 
I 

production. 

6.5.3 Proposed Smoothness Acceptance Schedules: A discussion of. the 

specific acceptance schedules proposed for each of the three general 

classes of New Jersey deck finishing is as follows: 

• Machine finishing by specification requirement: The proposed 
riding quality requirements for decks where machine finishing is 

specifically required".'-thus,. the provisions which will control in the 

majority of.future cases .. -are shown compared to the concrete pavement 

acceptance plan in Table 28. 

As indicated, during 'the one-year transition period following 

adoption of the specification, any percent defective length thatWould 

be expected to yield an average rideability rating better than borderline 
11 Fair/Poor" will be accepted without penalty. Note, however, that during 

. ' ,' 

this first year, a penalty of substance will not be levied until the 

straightedge equi~alent of "Very Poor" ride~bi 1 ity 1s exceeded {i.e., 

Lo= 14% = totally reJectable pavemf!nt rideabilitJ). A similar situation 

is indicated for decks in following years. That is, the expected dollar 

value o1f any percent payment reducti ~n can, pe expected to be re 1 ative ly 

nom1 nal I un 1 es s II Poor" or worse ri deabi 1i ty is provided • 

. During either specification period, decks displaying a percent 

defective up to nearly twice the truly totally rejectable level (i.e., 
! . . 

Lo up to 25%) will be accepted with a penalty. The indicated acceptance 

l 



CONCRETE 
PAVEMENTS 

i , • 

Table 28: Comoarison of Proposed Smoothness Acceptance Schedules for Concrete 
Pavements and for Those·Bridges Required to be Machine Finished 

.. 

CONCRETE BRIDGE DECKS 
(Machine Finishing Required by Specification) 

Decks Bid in the One Year Period, X to Y- Decks Bid Subsequent to Date Y 
.. 

Lot Percent Percent - 11Typi cal 11 Percent 11Typical 11 

Percent Expected Payment .· Lo Exp~cted Payment Penalty Lo Expected Payment Penalty. 
Defective Riding Reducti~n Riding Reducti~n Dollar Riding Reducti~n Dollar 

Length, Lo Quality (Per yd) (Note B) Quality Per yd . ValuC Quality 1 Per yd Value 
Nnta A (Note. ) ... 

Fair Fair - - - ---- -- -

~- - -- ----- -
--- -

5% - 6% 0 or none or none 
or less · Better or less Better 

8.9% Fair/Poor 
Fair or less or none 0 Fair 

5.1-11.0 to 2% Better 6. l-8.9 to 1% $ 200 
. Poor .. 

._· . Fair/Poor 
Poor Fair/Poor Fair/Poor 

11.1-13.9 to 10% 9.0-13.9 to 1% $ 200 9.0-13.9 to 2.5% $ 500 
V~ry Poor .Very Poor Very Poor 

I-. 14% 20% 14.0-24.9 Very 7% $1,400 .· 14.0-24.9 Very 7% .. $1,400 
Poor Poor or Very or 

more Poor remove 25% 25% . :i 

or Very 15% $3,000 or Very 15% $3,000 
more Poor more Poor 

Notes: A. Percentage Payment Reductions: An 11 X11 percent penalty per square yard is also equal to an 11 X11 percent 
penalty per cubic yard. Thus, the unit dollar value of smoothness penalties for pavement and bridges will 
by about equal where the percentage reductions are in the same ratio as the usual bid prices -
(i.e., bridge/pavement : 1/4). 

B. Lot Size: Deck concrete is to be accepted in lots equal to the number of cubic yards placed in each 
production day. 

c. Typical Penalty Dollar Value: _Assumes a·1typical 11 pour 125 cubic yards bid at $160 per yard or $20,000 

I __, 
co 
lT1 
I 
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. ttf> 
schedule thus Will essentially encom~ass the ~ntif~ ~ange of machine 

. . 
'··, • :;' •, _ I• . • I .· ' 

finishing results observe~ i ri this work. The penalty do 11 ar value 

associated with the roughest decks is in about the (2:1) proportion 

that they exceed the totally rejectable, 11Very Poor" level. 

• Manual finishing by specificat'ton exception: As previously 

noted, the roughness data obtained on our manua 1 ·cons tructiori differs 
I . . . . . . . 

essentially only in the degree of "Poor" rideability indicated. In 

the writer's view, this effectively precludes fonnulating smoothness 
acceptance specifications for such construction based on a rational 

balancing of desired quality levels with thequality achieved. The 

available data ins,tead dictates that acceptance be based almost 

exclusively on the prevail fog quality level. If, for example, the 

acceptance schedule penalhed some justifiable but as yet unattained· 

level of defects (say L0 = 14% versus the observed minimum of 20%) 

· an essentially constant minimum level of penalties would generally be 

applied to hand-finished jobs. This circumstance would undoubtedly in 

turn reflect in a proportionate increase in deck bid prices. 
Consequently, as shown in Table 29, the proposal for hand-finished 

decks contemplates accepting decks having the overall range of defects 

observed in the research sample, with penalties being levied exclushely 

on various categories of rideability which are above a truly totally 
I .. . .. · . , , 

re,jectable quality level, , 
I 

Due to their greater expected frequency on manual construction, 

the higher ranges 6f percen,t defective are accepted at a lesser relative 
. . ' ' 

payment reduction than on similarly rough machine-finished decks. The 

I 

I . 

. i 



'MACHINE 
FINISHING 
SPECIFIED*. 

, , , 

Table 29: Comparison of ProposedSmoothnesS Acceptance S.chedules for 
Manually Finished and Machine Finished Bridge Decks 

MACHINE FINISHING OPTIONAL 

Machine Finishing Chosen Manual Finishing Chosen 

Percent Percent 
- .Defectfve- - ~:tXP8-c-ted- ---Pcl-ymen-t-~-- ---.:- ----- --------~~ 

Length. , . Riding ,. , Reducti §n 
lo 'Quality Per yd 

6% 
or less -

6.1-8.9 

9.0:..13.9 

14.0-24.9 

25% 
or 

more 

Fair 
or 

Better 

Fair _ 

, none 

to 1% 
Fair/Poor -

Fair/Poor 
to 2.5% 

Very Poor 

·•-Very Poor 7% 

Very Poor ·, 15% 

13.9% 
or 

less 

14.0-24.9 

25% 
o.r 

more 

-Expected-
Riding' 

Quality 

Better 
than 

Very Poo 

'Percent 
Payment·· 

Reducti~n 
Per yd , 

none 

7% 

',' 

'15% 

IITypcial 11 

Penalty· 
Dollar 
Value 

$1 .400 

$3,000 

,.~Applicable to decks bid subsequent to the one-year transition period. 

-- Expected- --
Riding 

Quality 

Any 
19,. 9% . Quality 

Percent 11Typical~ 
Payment~ ---Penalty 

Reducti~n Dollar 
Per yd Value 

or :level, none 0 
less Including 

Very· Poor· 

, 20.0-27 .o Very Poor 2.5% $ 500 

Very Poor 7% $1,400 , 

or Very Poor 15% $3,000 
more 

1.., 
co 
" I 
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most severe payment reduction is app 1 ied io a pe·rc,ent defective of 3? 
. I 

not only because of the high absolute magnitude of that value, b1.1f also 

· because·· 35 percent appears to be the upper 1 imit expected for even 

poorly executed work. That is, recall that in the previouslydescribed 
. ' 

example of hand-finishing where numerous construction factors did not 

favor quality work (page 171), 11only" one-third of the deck exceeded . 

the specified surface tolerance .. 

While obvious, it is worthwhile to emphasize an important 
. . 

point with regard to permitting hand finishing methods. · In view of 
I 

the historical roughness results obtained with manual finishing and 

, considering that this Department patently is interested more in obtaining 

quality work than payment reductions, it is imperative that from the 

conceptual design stage onward, an attempt be made to minimize the 

number of structures which are not amenable to machine finishing. 

Additionally, particular thought should be given to the situation where 

· · .. a hand-finishing option is contemplated because of the limited size or 
: . . 

number of structures rather than from the standpoint of a physical . 

incompatibility with mechanical· finishing. 

· . Machine finishing by contractor option: To ·encourage use of 

mechanized deck finishing equipment where such is not specifically 

required, it is proposed that an acceptance schedule intermediate to the 
. . 

two previously presentf.!d be adopted. Specifically, as shown in Table· 

29, it is proposed that lf a contractor ele.cts.to use mechanical finishing 

methods, smoothness penalties be suspended up to the point where 

. \ 
\ 

I , 

. l 

\I 



"Very Ppor11 rideabilfty i\s expected. However, if mechantcal finishing 
l 

. ' \ ' . . 

results in "Very Poor" ri1deabi Hty--regardless of whether such methods· 
:··. . I . .. 

were ~quired or chosen--:.the contractor should be penalized. Since . ' . i . . I . . .· .·· . •. . .·· ' 
a reasonably conscientious contractor can be expected to meet these 

I - . - , " - • . ' . ' 

', 

req. ui rements, their adoption hopefully wi 11 cause the con. tractor . - ; :, . : ' . ,· .. 

to base his choice of fin,shing method on factors other than smoothness 

penal ties. . 
. -·: ' .,·· . i ' , 

Essentially, by adopting this specification, New JerseY's 
! . ' ' . s 

position would ~e one of expecting generally good ,rideability {both. 

absolutely and ,in ·relation to the hand-finish.ing option) but not. . I . .. . , .. 
regui ring it. Whi 1 e this ii s not an idea 1 s i tua ti on, . c::onsJder the 

· (hand~finishtng) alternat~: good rideability is neither required 

nor expected •. 

A description of th~ proposed deck smoothness provisions in 
i 

an actual specification format is presented in Appendix F .of this i ', . 
I 

report. 
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PART VI I: CONCLUSIONS 

the principal co~clusidns derived from this five~;ear study of 
• .. -~' : ' 

New Jersey pavement ridi.ng quality are as .f~llows: 

1. The FHWA roughness evaluation criteria is judged to be .an 
- -

appropriate means for appraistng the rideabiJity of New Jerser 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 determinable and with 

an acceptable degree of.precision. 
- -- -

2. The "Present Serviceability Index" concept developed from 
-- - I - . - -- - - - ---- - - - - --

work at the AASHO Road Test has little applicability to design and 

maintenance decisions in New Jersey. The difference between initial 

and tenninal serviceability index values for New Jersey pavements is 
I 

typically too sma ltto permi t>va 1 id judgments regarding pavement 

perfonnance. - (average difference: l.O 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 bitumino~s 1 pavement surveyed 
during this study possessed only a ''Fair" level of riding quality. 

However, there is a significant and encouraging trend for more recent 

bi_tumi nou.s -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. 
I 

"' 

I 

I 
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. i:··· .. -: .'··, . ·: .. ;--:-:·. ~,?.~7_:._,":_-r·:·: ... ·. " '. ··.·: .< -:.",, _:. ',.':! ,· .· .' .·: .· 

. 4. ' The ·average new co'ncrete pavement w~s found to possess. an 
. • ' • ·.' " ... •· . ' ' ! ' . ·'.• . ' ' ·, ,• "•·, . . . . . 

· even: ,lower 1:evel of ~i~e~~111tY.. ~~art bitu,mi'n~us ro~d'11ay~~, .·.· An FH~A: : , 
adjective :rati~g of 11 Fa1l· t~ Poor" 1s indicated fo~ typical N~~/Jersey; • 

• .. I , . ,. ..· 1 1,.-_•·:·' . ·•, •. _. •· ... , ' . ' .. · .. ,· , • ••. • • • 

' . : '.o' , . • ·i" . ' .. , ·: ..... . .., .· ., ·. , ... ··. . . . ,·' ,·. 
concrete construction~· I:n spite. of cori~1de.rabl e. exper1me~tat1on wit~·•· 

. I 

c9nst_ruct1on methods a~d ~quipment, sfgnifi,cant rtdeabiJity improvements 
... . ' . ' .. . . . ·'. ' . '• -. . . ,, . . 

in .PavementsofN_ew J~rsey's present standard. destgn:appearunachievable · 
. . . . ' . ·, . ;: ' . . . .. ' ' ,,, 

~i thout a r~turn to 1 ong~past standards.·. of work~nsh1 p. . Recent us.e of · · .. 

. a· different desrgn 1 .·requi~ing ·saw~ cqnst~uc~ion j~i~t~·rather than, .. 

formed expansion· ·joints, ~1 d_ not, pro vi de an overall improvement. _of the · 
'i .. 

. ! 

desired magnitude. i 
., ... · : . . . . .. :· ... . . . . ,· . . . ' :_. ··::..· 

5 •.. Th~ major factors contr~buting to the roughnes!i .of bi,tuminous 
.. •• , .. I - . ·, " 

construction monitored durii,9 this study were: 1 • .-' 

- a. Manual rather than automatic. paver controls; _imprope.t 

· use of:th~; automated contro~s.~ 
; 

. b', , Stop-and-g~ • paver c,peration.; failure to .match Jaydo~ 

..• :speeds with rates- 0~ material supply.•·. . . 
. ·, . .. J ' . . •, ... :_ . "· . . . 

c. Overly frequent transverse construction joints. . 
.· .·• . . •. ·•· . . I ... - .. . . .• . .. ·' . . ·. . ·.·. - . 

•~- Use of a m$thod-of _paymentjsquare yat;'ds) that in .• , , '· . . ., . -. i .:. ; ' ... " · ...... ,.._ •' ·.' .. · .... , . ' ... . > . . ,.:· '. ... _.. ' . 
. practice Y"equired that a choice.be _made .between avoiding 

.- ' j .' ' ,\ '. ·. ', ''. ..•. ·. . •. . ' . -. '.. ' ' ' ' ·. . ' 
·.· thi c~ness per1a 1 ti es or achi.evfng good,, ti deabi 1.1 ty,.' · .. · .. · 

>, . ' ! ·. .· - · .. · ' •·. .· · .. · -.. · ·•, : . ·_·" . •·· 

e. Use of non~bituminous..base:eourses that· were'difficult ,. 
·. •·· .. ··. : . . i " . . .. ' .ii ,, · .. 

·to construct to proper grade. · l · .· i · 

_ f. Lack .of :sur.ficient a~1,rene·s~ or concern for achieving .smooth 

pavements Jn • the. parlof ~Onie Department ani Contractor: .· . 

· personnel,. '. . . ·· ·. f 
I I 

[' 

I .. 
I•: 

I . . 
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. i~t~i~.\ 
·Responsive ::ac:t:1:'on bf'·the Department ind thi'eo~tr~cting 'industry· 

' - .· ..... - : . .•. . .. . . . . .· ·' . . ' 

1n the-'fornr of specification improvements, changes in.construction ·. 

, practic~s; ,ncf educational programs appear to·bemakfng:s-ignificant 
.i •. . · . · I· . ' . ,· · 

l)l'Ogress ln <>Verc0111i ng th·e~e defi ci enci es. . . . ·- . 

. 6. Trans\,erse joint' 'construction is the most signlficant item 

affecting the_ rfdeabilityof New Jersey's concrete pavements. On a . 
• ft • • .-. 

typical ptoject. about 40 percent of the paveme!nt' s surfa~e defects 
.. . . . . '. • I . . 

. are associ;:ted With- the•tonstructiori of transverseexpansicm joints. 

1: .•· The ten--foot ro i 11 ng straightedge . provides an acceptable 
. . . 

means for-measuring the surface defects of a New Jersey pavement 
, .. -· ·-·, ·.. .· ' .", . ·. ( . . . •. • . .-.- :' .··· ·.. ·... . '., ·. 

and determining the associated level of rideability. Within the · 
.·. ·, : . 

. .. ro-..ghness·r~nges experienced·. in this istudy,'the output ,of the 

·.· .. straightedge e)_(pressed Jn terms of the percent defective length 
.. ,.'. ._. · ... ,•... -_.. i . . .. ;. . . . ". :; ' :.' . ·. ;_ ·-.;: ... , : . . . 

. correlat~d w•ll with the Roughness Index .in(fi.cated by the rougho~ter. 

· .. _ · The speciffc correlations established are provided on Pages 48 ,and 72 
. . ., . . . . . .. -. ,. 

· of this report.C, . . 

. · .. 8. : The. Department is current s~rface smoothness ~peci fi cations. 

are overly restrictive :and difficult to apply. The requirement that 

.· there 'be. no surface deviations from ·a, .10 'foot straightedge. in exc~ss 
) .. 

of 1/~ inch<fs, unrealistic ~nd, thus, unenforceable. Additionally, 
. . . . t ' . 

the req11ired ·method of measurement is tori slo.w and its description 

in the specifica·Uons is ·1ncomplete~· 1ack.ing necessary ·guidance 

regarding 'silmplin~'technique and data ·retord~tion: •. 
'. 1 · 

\ ' . 

., 

\ .. 



-193.-

9. New syrfac~ sropothness specifications have beE!n ·developed 
fQr New ~ers~.Y pavements. These require acceptance testing of a pavement· 

! 
w1 th a rql Jing straightedge .and subsequent comparisons •of ·the measured . 

' ' ' 

' ' ' ' . i • . . 

percent d~fective length ~o certain standards of acceptance. 
A gr~<fu~teg schedyle Qf p~yment reductions is, to be applied when 

II 

a non-cc,111pl1ant level .of riding quality is indicated. 
, I , 

Th.e st~ndards of acceptance,, payment reduction schedule, and 

sampling requJrements hav~ all been formulated by statistical means 
I 

to assure that an FHWA indicated 11 Goqd 11 or better riding pavement 
i ' I 

wi 11 yi el t1 full payment to! a contractor. Progressively poorer 

.rideability is. accompanied\ by increasingly larger µcayment reductions •. 
• i ' - ., 

. The detailed specification\ provisions formulated as part of this 
' 'i ' ' ' 

research are given in Appe~dix D (pp.1 231-35rof this report. 

10. The roughness data obtained bn New Jersey bridge decks 
' ' 

confirms the beneficial effect o.f usinQ ,mechartical rather than manual i . . ... •. 
,, 

methods for concrete strike-off arid fini'shing. Each of the sampled . 

manually-finished decks diJplayed extensive surface irregularities 

and, as a consequence, non~ me.rited other than a 
i 

·rating. Expectedly, the r~lativeimprovement in 
' ' '>' 

"Poor" FHWA rideabil ity 
' ' . 

riding quality observed 
·, ' ' ' . i ' ' . ,' ' .·· 

for mechanized deck finishfog varied for particular types of equipment 

and project con di Uons. On\ an overa 11 bas.is, surface defects On the 

"average" machine-finished deck were only about 1/3 to 1/7 as extensive 
J . I 

, . . ·. . ·1. . . ·. I 
as on the !'average.'' hand-finished deck. ThiS resulted in approximately 

a one-third lower average roughness index. ·· 
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• wh,efr wii1;,'~<:, .';;';;:i;;us~>-of Af~chani ied,·1d,ecfi fl ni sh fog equfpment. 6n <the 
;•·~·:.~ . .;~~~z;~~~~r'-" .· ........ ·.····.· :·:·'·t\!c::~;~·, ,:••···<:/:... :>:··• <,·•,;?r···::., ,·.· .. ·.·· · ·· ··.•·· ·•.··· 
majoritJ?of future projects--can be expected to effect an overall 

improvement in our bridge rideability. · 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 conformity with required surface tolerances--includfng 

some well-executed manual operations--it seerns 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 variability in every construction 

input--men, materials, and equiprnent--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 n~ither of these criteria. 
. . 

12. New surface smoothness provisions have been developed for 

New Jersey bridge decks. Like the proposal for pavements, the deck 

acceptance pl an requires testing of a deck slab with the rolling 

straightedge and application of a graduated scale of payment reductions 

to non-compliant levels.of measured percent defective length. 

\ 

\, 



... 

·. . . For a gi Yefl ll!ve! ~f li)u~n,i~S, the ';erc!intage ~f th~ bid : p,ij ~- .. 
· · ·paid· for dt!ck,,.i;t>~ijtt'(!t@': wi~l.·9eneH11Jyihe different-. lhan• ~hat•·. applied 

· · .;,.,.to,.ai~qttcte#lfflt~ftik:':ahd 'w;:11 ,~a;y dep·en~~·hg t,'n i~e deck. f~·nf~h~i·n:g 
. •· .. , . <:. .. . . < . . l . . . . . . . . .. > .... : ., ,:,,.:,. . . 

method employi!!d •.. This pe~alty va:rfati9rf refle~ts· theJact that 

!, 
. , .• _,.·. • . . I " .. ,•; , .. . •;: ·.. .1, .··. ·, - :. . .· ,,. ., . 

· . Th'e 'detailed deck ~moothriwt~:s sp,c-ifi'~atfon ,pr<>vislons fonnulated / 

as part. Qf, thls '.~t:!sea~ch·~re>given fn App.endi'x .F .·(p,p .•. 24l-46J of this 

report. •· I-' 
It is to b'e noted ,that•·th~;,writer1 s nasfc ,p;hllosophy in ,developi_ng . 

. bo:th the deck •'a,n~ ·pa\tf!rrienf •smooth0ne"s,s :·:p.:ro:vhiot1s ts that the_y. -~houi:d. . . . . , ' . . . . . . 

'initially be somewhat lenhmt. I:mpHc:it :h,··,,th:is co~~se·',o~.iC::tion i_s··:• 
. . . · ... , . ·. · .. · I .· . .:. · - . t:. ·: .· . . · . . ·.· . · 

···• .•·.•••·:::tu::::/;:v:::o;:i::r: .. ::;f::f•:::::;::1 ;1a::::m:~:::):~:::•d . 
. ·. levels.•~··•. 

. . . ' . . -. ·. I 
; 
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PART VIII: RECOMMENDATIONS 

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

adopt pavement and br1.dge deck smoothness acceptance spedfi cations based on 

the output of a 10-foo:t rolling straightedge. A description of the proposed 

pavement smoothness acceptance provisions in a suggested specification format 

1s presented in Appendix D of this report •. The proposed smoothness speci-

fications ·for decks -are presented in. Appendi X F. 

2~ · There Jre two possi bi 1 i ti es for performing the necessary straight-

edge testing of future construction project~: the use of project inspection 

forr;es or the organization of speciaJized, regional crews. The use of 

project inspectfon forces would have the single important t1.dvantage of a 

. greater immediacy of the rot1ghness readings and consequent greater potential 
·); ,- ·.. .. . . , 

for roughness·· control . The. use of ;pecialty 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 ts recommended that straightedge testing be performed by regional 
, . 

testing forces, staffed and organized so as to provide timelYriding 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 it\em..;-"Hot-mix bituminous pavement, 

__ inch.esthick 11 for the present individual bituminous payment items. The 
.~ 

proposed smoothness acceptance pl an was ·constructed accordingly, with the 

basis of pena1ttes being the total, full-depth tonnage of material supplied 

rather than surface course alone. ln the case of riding quality penalties, 

the determination of the quantity of.materi a 1 in an acceptance lot wi 11 be 
·. . · .... -~ . . 

clumsy, requiring. considerable calculations on the part of field forces to 

\ \ 
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i 

determine the tonnage of bituminous materials underlying a day's production 
. - -

of surface course •. In con,trast~ a determfoation e>f the daily tonnage of 
I , ,_ . 
I 

surface coursl i~ quite straightforward', requiring simply a totalling of 
i 

dailymaterial delivery slips~ It is therefore recommended that the 
. ' - ''. . . . ·--: . . . 

Department make provisions in theoverall framework of:bituminous specifi-. . ' . -, i . : ' ' ' :·· ·, . -

cations so as.to permit the assessment of smoothness penalties on.surface 

course tonnage• alone. Th~ requi·red (proportfonal) changes in payment 

- reductions for smoothness! non-compliance would be furni Shed by Research. 

4. On some of the 1bridge decks studfed in this research, the use 
i 

of a transverse roller-finisher resulted in c;oncrete surfaces which were -
i. . 
i _- -_ . - ---_ - -- - -_ --- -· almost completely free of tmeasured straightedge defects. Since these 
I . 

roller-finishers hav~bee, empJoyed byoth.~rsfor paving_ on-grade, it 
·I 

seems possible that including such equipment in the pavin9 trc1in might 
• I - - - - - -

effect a needed rideabili ty improvement for. New J~rsey concrete pavement. 
" i . 

' 

In particular. use of thii equipment to apply a machine finish in the 
- . - . - - - - -_-._ -•j .• - -·- / . 

immediate vicinity of expansion.joints potentiallywould eliminate a major - - - i - . 

source of defects. 

The manufacturer of :the subject eq1,Jipment has indicated willingness .- .. ' ''. ' .. ,_ . . . . i, . ·.-_ . " ., _. . . ' ' 

to provide a (no.:.charge}·~emonstratfon on a New Jersey concret~ pavement·· - - ·i - - - - . ' 
con.struction project. It is thus recommended that this Department make 

·-- -_ _-- -. --- - · __ - i -- . ' ' - . J - _--_-.. - .. - .. _-. -- _-
arrangements on a future Arojectfor a trial useofthe·roller.:.finishing 

- -

equipment te> determine its actual fitness for use on·New Jersey concrete 
- - ·--· '. - - • ' . - -!•, - - ' - - - -- _- - ... 

paving. Apart from the m~gnftude of any ricieab1Hty improvement and 
- - - I - _- --. - - - - - • . 

overa 11 compati bi 1 i ty \'lith New Jersey conditions , a key factor to be 

determined in this regard-lis the achievable production ra.te for on-grade 
i 

paving. 
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APPENDIX A: DISCUSSIOij OF THE OUTPUT VARIATION OF THE NEW JERSEY ROUGHOMETER 

l. Inter--Agency Roughometer Comparisons: To determine the extent 

to which the overall output of the New Jersey roughometer agrees with that 
i 

of devices from other agencies, two series of equipment comparisons were 

made during the course of the work. 
' 

In the first such series:, conducted in April 1968, the New Jersey 

roughometer was compared to the New York model. on ten pavements located 

in the vicinity of Trenton. While a variety of pavement types and ages 

were selected for testing, thF sites chosen were generally all of "Fair" 

to "Poor" riding quality. As, shown in Table A-1,. the New Jersey readings 

were higher than New York's on six of the first eight sites by from 2 to 16%. 

Prior to testing on site nine', it was noticed that a gear was loose in the 

New Jersey integrator unit. After this was corrected, the New Jersey 

readings were 5 and 8% lower than New York's on the following runs. Based 

on short- and long-term data subsequently obtained on test sites one thru 

three*, the New Jersey rougho~eter apparently maintained this tendency towards 

lower readings than the New York equipment. 

In June 1970, the New Jersey, North Carolina, Maryland and BPR 

roughometers were compared on five pavements located near the FHWA's 
\ 

Virginia research facility. The selected test sites were each one mile 

long and displayed roughness ranging from "Very Good" to "Fair". As shown 

in Table A-2, the output of the North Carolina and New Jersey roughometers 

were very similar, as was that of the Maryland and BPR equipment. The 

readings obtained with the lat.ter two devices were, however, an average of 

*cf. Table A-3, page 206 
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Tabl~ A-1: 1968 Rou rison 1 

(New York and Ne . 

' 

' 

i 

Test 
Site* Route 

Pavement 
Type 

Roughness Index Ratio 
N.J./N.Y. 

1 N.J. 129 Bit. 

2 N.J. 129 Bit. 

3 N .J •. 29 PCC 

4 U.S. 130 CRC 

5 U.S. 130 CRC 

6 N .J. 32 Bit. 

7 PCC 

8 u. s. 1 Bit. 

9 ·**I-287 Bit. 

10 **I-287 PCC 

N.Y. 

118,118,119 
118 

121,120,120 
120 

140,141,139 
140 

109,109,110 
110 

109,106,109 
108. 

104,104,104 
104 

117,118,116 
117 

142,139 
140 

99,105 
102 

105,102 
103 

N.J. 

126,127,126 
126 

125,123,123 
12:3 

138,137,137 
137 

111,112 
112 

122,118,122 
120 

120,122,120 
121 

126,126,126 
126 

126 
126 

98', 95 
97 

99,93,93 
95 

*All sites one mile long except site 6 (. 45 mi.) 
**Run after gear correction on New Jersey roughometer 

·Table A-2: 1970 Roughness Equipment Comparisons 
(North Carolina, Maryland, BPR, and New Jersey Roughometers) 

1.07 

1.02 

.98 

1.02 

1.11 

1.16 

1.08 

.90 

.95 

.92 

Pavement Roughness Index in inches per mile 
Site Type 

N.J. N.C. Md. ~PR 

1 .Bit. 60,61,61 72,69,70 ·66,66,65 69,75,72 
(Va. 123) 61 70 66 72 

.· 66,66,66* .70,71,71* 65,65,66* 71,71,73* 
66 71 65 72· 

2 Bit. 92,94,96 93,92,92 104,104,105 .103, 104,102 
(G. W. Pky.) 94 92 104 103 

2A Bit. 80, 79, 82 82,78,79 88,90,87 93,85,88 
(Access Rd.) 80 80 88 88 

3 PCC 96,96,94 94,95,94 105,105,110 111,111,111 
(:t-495) 95 94 107 111 

5 Bit. 89,93,93. .. 94,92,92 105,108,105 106,105,105 
(G.W. Pky.) 92 93 106. 105 

·*Repeat runmade on Site l on June 3, all other data obt.-inAd June 2 

\ 

\ 
\ 

\ ,. 

•• 

\ 

) 
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. . .·._.. . -· . l . . 
,-bou~ 10% gre,ater' tha~ thdse'jobtained with th,a New ,l~rsey and North Carolina , 

... ·· • fr < ,equil>'i!"~ ; ot .th~ (O\lr liig~O iro~gh~ss si1'es o The best-fit li~es relating [ 

· · the. 4ata obt"1.n"d in th>• t~f .i¥ oht" in Fig~r• AJ.: • 
·Based on the. relat:i.'onshtps observed to. exist ·,at 'the time' of the 

',,· ' . ' ·, C ' ·. ':. ' ·. ,'' ' '·• 'l <' ·.. : ' ·- ' <" '' ' .·•' ' 

described comparisohii~s,: f~ is :cc;,n~litded ;tha't the: gene;ai level: of .. rough~ 

.;,Ile~~ >readings obi~hiecl wi:h :t]he 'N,~w Jers~y rougholllet~r were; in re~sonable ·. ' 

licc<>,rd ~ith dat~ f:r:ck' other' B~·~-t;.pe i-o~ho~eters •. When differenees .111· 
- . . .· .· . .·., l .·· . - . . ., . -·.· 

roughomet;er •output• ha:~~ been_ .bhserved, ', they generally have been in the dii'ectiori, 
, .. , - .. ·. ,, .·- : l.. . -, .. ·.· - - ,, . . -. . . -

of an underes;~at~ of act'Llali:: roughri:~ss by the ;New Jelt~ey device • 
. ·:• .1 

2. Roughness· VaTiat:i.~n ;bn C~nt~ol Sections': to gain sotne insight 
. . . ·. . '. . •; :· . . .. _: . . .' ' . '~ .·. . ·_ . : -· . ·. ·. . . •' ·1 ::,,.:. · .. - :·_:' . . . ' -. . ,. ·. 

:>::;;as to the 9utput var;iation of: t;~e New Jersey rou'ghometet, historical .data 
. ' . '. .• ·.· \ . ' ·> ,: : ·-: > ·, .. · ! ' ':' . <' ... · ,, ' . _.·, '•·· ·- -. ' ,'. •··, . 
< _ was g_iithered on:•th,re!! ·r~).ativ~ly lot,t tr~ffi~ vol~e sites lo~a.ted on New· 

·.· / ,Jksey Ro .. ~es 129 3nd'29'.< 1!1}t~9 ~Jc. :t29 sites sre nlli,ughU bHumitl0'18 

pavement and the Route z9·,pav~ment is,, ''Rough" concrete. While it obviou;ly' i 

• I 

:would·~e .<i~sirable 

-·-'control· sites were 
to have· co#patable dat;a_ f~r smooth pavements, appr~priat~. 
- .· _-. - . d :·- .. -- . . - -· 
not avail.11ple within a~:reasonabl~i~istance of the research 

l 

TA.bi~ A~J'is '&. u~~::i.J of. the average Teiod1,ig Ob'°'!ined Oll the' Conticoi 

seed.on$ . on' #1e a~~es ,ind:Lc~t~dt . wit,h .the data beirig co;Llecte~ at variotis 
-- -- .- , . - . r - - - . .. - . . . 

tiines- e>t the· d~y: and a variabie numbe~ of '.dt,1plicate r~adings being employed. · ·, ,· -..·••. "•'",, .. ·,• ,, '•'' ! ,, :. ', • •. •.. . ' • ' ' ": ' ' : ';F• •· 

Wh·ile;· .. coi1tto+ ·se~~i6n ,data ·w:a~ c,bt:ai~ed :$ii~sequen~ _._:to\ ~he la.it, date ·~hown. -

··•. #1..Tabi~ A"'.".i,\ -~lib~ data is' not' pl;'esented ·,since' it does ~o.t truiy' represent the 

.·_ ,tnherent v-,a.ri~tloti 
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·.• · :· , -- fable ·-A~3: ' 
-Y ·o · i -l<>vc;imsss VAR.tAtioN. oN -co~1i\oi: -sEcrIQNs -, , ---

-/ .. : Air ·] :: .. ~-J~. 1~9 ~·B) 
Tem {!tatu~e . ·-· (bitUDiinous) 

-N~J"~·-129 (WB) 
· (b1t:liminous l 

N.J. 29 
(concret~) ·. 

·- Jan~ ·l.f < 
Jan~ 17 
Jan. 29 

---~ri•_,., -·.·•_ ).22 ·• i~/mi , 
. i2.f; .. ;' .... ii6 in/mi : , · 

.. 117 · . 
.·-132 in/mi. 
130 

Apr~ 17 ,_ ·,. ,~~:t~.:-· 
Aug 0 23 · · 

_ Sept. io' 
.'Sept.: 1_8 

Oct~ ·_.9. -·., 
·Nov:• 4 
-neci •. __ 19 

34 
·59< 
·5·3_; 
74· , 

•'71· .. 
_·._68_-

65·· 
.:3t·-

29 

·_ Yearly average • 
· Y11uirly range • .. 
. Perc·ent'Vari~tion -.· 
· -of -daily meanc • : · 

.1969 ------. ' 
< .,·; 

-Jan •. 2s -< __ . _ 
Feb. 11 .. · .... 
Fcab. 17 :_ .. ·Mar._ 12 .-_--_--
Mar. 28 
Apr. 4 
May·l2 
June·2 
July llb 
Aug~ 4 -

,·: 

2·3 
·, 36··· 

37 
37 
29 .: 

·40 
··6.9-
s2 · 

·. -·• 70~86' 
'76· 

1.16- ., 
· (118) 4 • ·. · 
-:tio · 
. 114 

114 ,, 
.. ·123. 

118 '.· .. 119·_ '•·, 
·· il7 

119 

. ·.·i1a: :-. 
110 --.12S 

+7.4% ··-.. •.-·· 

···t22 
_ ll7, 

. 122" 
115. 
118. 
12f 

. · ;, ,., 1-20;; 
tis" .... -.124 
120; 

114 
. ·(120)-. 

·- - ·1oi 
109 .. 

·116· 
113 

·· - ··· 11s· 
·-·•.114 .. , 

112 

'. '.11_4 -•• ,· 
107 .-:- 118 

~-1%. 

·· .. 120 ••··. 
113 
·119 

: ·i-11 
.112 · 
113 
·115 • ,.' 
121-· 

· 11s: _-_• < -------
110' 

' Yearly. a;erage _.-\ Jto~~~tneter:it~8ca~ati've Ta~,t p~ril~f 19_69' '. 
Yea;rly · rm)ge • _ . .,:, · - l .- 115 "'." 12.$i -· . · 110 - ·121 : > 
% variatiQli of,. ~aily meijnC• +s~2; - - . +7 .0% . . 

· · • 1970. 
·.~· ---

;-

Jan; 3(), 
. Feb~ 17 ._ 
Mar. 4 · · 
Mar~19b . , 
Aprtl 21 
. July: 14 · 
-Sep.t.· io 

121 
:125-•.. 
l23. 
118 
120. 

'. \ .119 
.·-:118:_,. 

ear y average a; .121 
Y~a.rly ·range:• ::>·-,·. ,I ;·'118 -- lZS .-- · 
%· variat:Lon t>.f .daily mea'rtc,._ , .+4.3%. ·:'. · · 

•·,., ,' •' . ., - .~-.---· •'· 

110,· . 
. .··120 · 

.. : 117 . 
· __ .· 117 _ 

U.6-·. _ 
119··_ .. 
'115: ' -

_ · __ · 1.1 _ .- _ 
<;110 - 120· 

+s:.6% ........ 

'.'(140) .. 
;111··• .. 

1~3 
125 

.· 131 
.. 129 ·, 

'li6 
127 
J3~---

·, · 12'7' 
--.·117 ·-- _132-· 

. • ', t:7.2% -

. ,_·. 

i2J _ <ti;·-
.~ .120: 

·.· .. <" 116 ',· 
,·119 

· -·'i28 .. 
134·· 

··132 

.. 127 . 
'116;...•134 
- , +10~.7% 

138 .. ·' 
136: . 
i39 

. '136 
-·:. :135 

138 _ 
138•:. 

. . · ... ; " -,i_ ,... ' ·. 
., 135-. :f39 

.. +2.2% .. -. 

I 

I 



Table A-,4: HOURLY CONCRETE PAVEMENT R.OUGHNESS DATA (JULY 11, 1969. AND MARCH 19, 19]0) 

ROUGHNESS INDEX ON ROUTE N.J. 29 
TIME 

8:00a.m. 

· 10:00 a.m. 

11:00 a.m. 

139.0 . 

134.8 

in/mi 
·129.4 

136.9 · 

129.2 

Standard deviation of successive readings, a R 

Coefficient of Variation, VR = o R/X 

Standard deviation of daily readings, crd 

138.7 

143.7 

.140~6 

. 137 ~2 

RUN 2 

in/mi 

·130.9 

138.2 

141.6 

139.8 

7/69 

130 

136 

··128 

135 

137 

135 

139 

139 

0.82% 

3.65 in/mi 

2.72% 

---- -- ---·-·---- ------···-----·-----· -------- -----------·----
•· .. " 

· 0.88% 

4.53 in/mi 

I 
N 
0 ...., 
I 



Table A-5: HOURLY .BITUMINOUS PAVEMENT ROUGHNESS DATA (JULY ll,:,+969 and MARCH 19; 1970) 

TIME 

7/69 

75°F 

76 

76 

7/69 

43 _ 120.s 

ROUGHNESS INDEX ON ROUTE N.J. 129 (EB) 

RUN 2 RUN l RUN 2 

7/69 
in/mi_ in/mi 
125.2 124 

123.9 . 112 •. o 

120.9 118.6 
. . . . . ' . . 

------=-~---~_-_11:1s~_a.-~-------- -""---18_~-- _j.5_~--_- ,_1121.5___:_ _121-..~L~- _122._1~ _c_119_.9c~- _;._~~~~~-12-8~--'c----c--1 

47 123.7 127.6 121.5 

- . 

. Coefficierit'•Of Variation, v~ "" a RIX 
- . . . . . . . 

Standard deviation of daily readings, 

2.80% 2.68% Coefficient of Variation, v0 = a d/X _________ ....,.. ____ ..;-_______________ ;.....;,-~,--------"""""--
I 

0) 
I 



Table ,A.;,.6: HOURLY BITUMINOUS PAVEMENT ROUGHNESS DATA (JULY 11, 1969 AND MARCH 19, 1970) 

ROUGHNESS INDEX ON ROUTE N.J. 129 (WB) 
· RUN 2 RUN l RUN Z HOURLY AVERAGE 

10:20 a.m.: 

l:20· p.m~ 

•1:20 p.m~ 

3:20 p.111,, 

. •· 4-;20. p .1i1~ 

5:20 p.m. 

Mean, X 

Range 
. . 

51 

82 51 

85 49 

'86 49 109.9 

.86 49 

· Standard deviatiot>. of $Uccessive readings, . CJ R 

Coefficient. of Vari3tion, VR == ~RIX 

Standard deviation of daily readings, ad 

. 0.84% 

4.14 in/mi 

3.sn:. 

1.94 in/mi 

1.66% 

I 
N 
0 
ID .. 
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Comments concem1.ng the :observed ro1,1ghness variation are as follows: 

Variation of Repeat Measurements Made Within a Given llo~r-: 0 The FHWA 
· rep~r~s5 that.in general, a ~ispersion of about 2% from the mean may be 

I: ,, 

. ' 

expected for duplicate roughotneter readings. If this tolerance.is interpreted 

as meaning that the standard deviation of successive readings should be a 
' . . 

maximum of 1%, then the tnaxintum difference between readings should be 2.83% 
.: ; 6' 

at the 95% confidence level .: 

The standard deviation* 'of _.82%-and .88% obtained for the concrete . ,.r ' 
- - -- . - . _- - I - . 

pavement on the two date_s inc:\icates that 'the great· majority of duplicate 

readings repeated within 2.5% (3.4 1.nche:s./mile), less than the FHWA suggested 
I 

tolerance**· The maximum short-term diffrrences observed on the bituminous I 
pavement are also·considered generally satisfactory (3 - 5 inches/mile or 

2.4 .;. 4.5%). 

Variation of Hourly Readings: Table A-4 indicates that on a "Rough" 

concrete pavement; roughness differences of up to 13 units (8-10%) might be 

expected for runs conducted over a nine hour span. On the bituminous control _ 

sites, this diff~rence betwe~n the highest and lowest daily reading -- while 

generally slightly less -- was also observed to be as much. as 10%. ,, Based on ,_, 

511Tentative Manual -of Infol'IIU!,tion Regarding the Operation and Mainten$11ce 
of the BPR Relative· Road Roughness Indic:a,.tor", FHWA, p. 15 (May 1968). 

611use of Terms Precision and 'Accuracyll, ASTM El7~ 
·,. ' ·. : :· . 

"The variation of d1,1plicate readings is here calculated as 
n 

Where: 

a R~ • l/2N · _i (~1 _- X2) 2 

CTR .,; standard deviation of successive readings -
N •number.of.duplicate readings 
X1, X2 = successive readings · 

*"The operators man1.$al furnished by the roughometer vendor Sl.$8gests a -
similar tolerance: + 5 for RI • 150 + and + 2 for RI • 60 + -

I 

I 
I 
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the variability observed in this sampling, the mean of a particular set of 

I duplicate readings made. with the rew Jersey roughometer might be expected 
1 to be within. about. ; 6% (2 gd) otlthe mean valu~ that would result. if readings 

were' taken at each hou.r of that.testing day. 

On a concrete pavement, all rf the within-day vari&don l;n rougbomete< 

readings m.iy not be assignable toi instrument error: joint warping may 

change the nature of the surface being mea.sured7• 

The f&ct that roug)tofueter .oiput varies within a given day is not a 

unique characteristic of the New ~ersey roughometer. Data from other 

studies8, 9 indicate that the hourly differences observed for the New J1arsey 
.·· ·. . . . I ... · . . . . ..... . . 

sites might reasonable be expected of BPR-type roughometer$ in general. 

Long-term Variation and OVerlall confidence Limits· for New Jersey 

R_oughometer Data! Table A-J i~di~~tes that the roughness of thO bituminous 
i 

control sections remained essen,~ially unchanged over a three year span, while 

the concrete pavement appears to ~1,1,ve increased in roughness between 1969 

and.1970 •. If this :i.s the case, then -- with the possible exception of the 
·, ' ' 

1969 concrete data --- the yearly mean-roughness might be considered 

reliable estimate of the 11truen joughness of the. sites. •· ·. . 

Based on this. short- and long-term variation o~served on the control 

sections, itls the writer's opinion that New Jersey roughometer data 
' C 

obtained at a particular time mig~t gener8.lly be expected to vary from a 

representative central value resJlting from numerous runs on the pavement 

I 

7ohlborn, G. and Moyer, R. A. 0 Ne~ Developments in the BPR Roughness Indicator 
and Tests on. California Pavements!", HRB Bulletin 139, pp. 21-22 (1956) 

' 8Law, S,, M. "Rolling StraightedgelCorrelati~n Study", Louisiana Department of 
Highway$ (1967) 

I 

' 91crawford, R. A. et al. "South :Da ota Roughometer Comparison I Tests - 1962 11 , 

~lRR #28 (1963) 
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. . 
' under ,t11d:y l?Y .. a .~~i~µ.in q.f aR~qt_ °t: 6% t~d .! a%, respectively,. for bitll:Jllinous 

. . ' 
and Cc.lllCrrt\te pay$11l~\\;ll.:~ 

. . . , . 

is le$.tt,_ iuworta~t fgf ~ooth P@Ve~~n1;J~, thq, enhauci~ repeatability, these 

toler~~e,., •i~h; to ~o.:me ~~te.p.t. l?e. QV~JlY c;otise,:rvat:f,ve fQr the smooth pavement 

class. 
i 

. ' 
' Effect o.f Tel!lperat;ur([!: 

•'··"•· . 
l,.ll_q def:t~able relatiQn,sh,i,.p between rough0111eter 

output an4 a.i1: ,;e~eratqte. is! apparent fer the range of temperatures encountered . . , . . . . . 

in the co~t;,;9l s~te; te~ttns (~3 - &~.0 li',.}., 1 
I i 

I 

i 
! . 
i 

. I 
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PENDIX·B: 

DISCUSSION OF THE REPEATABILITY F THE NEW JERSEY ROLLING STRAIGHTEDGE 

1. Short-term data: Table _
1

1 .• presents a, summ·ary·. o:f repeat straightedge 

measurements obtained within a pariicular day or spaced one day apart. Based 

on the observed number of straightedge· deviations , · the pavements selected 
. . I 
for test are representative of' riding quality ratings ranging from 

good to poor • 

. Since thi~ short-t.erm da. ta ,es i. nclude sections having low, inter~ 

mediate, and high values for the ~arious straightedge parameters, it is 

believed that the measures o:f vai,iability observed for this sample might 

reasonably- be . used to f'ormula.te a generalized precision statement for short-

term straightedge · dat&. To provii 
a rule-of-thumb, the weighted* mean 

summary statistics that.would yield such 
' ' 

of the straightedge parameters -- number, 

* 
(n-1 )0-2 

~(n-1) 
'V= CT -=- ·100 x 

where: x = weighted mean numbt? (NJ, Length {L), or'lrea (A) 
X = N, L, or A from in« vidual test sections 
(J" = weighted standard d viation .. 
0-= standard deviation om individual test sections 
n. = · number· ot indi vidua test measurements 
V = weighted coef'ficien of' variatiic,n; · % 

.i' 

:r 
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'iength,. and area -~ '
1

and the' I ssoci.ated me~ure~ ~:t variability are g~fu 
. . . . . . .. . . · I 

•··.·flt t·he bottom ot '!'able B-1•~\ ; '··. ·•,.• 
•- . . •' . ·.•·· •· . •, '1 . ' 

'- ·_.·_ . . . ·, ·.; .:··, .. _-' .>.: > ·, · .. _. ·, ,- , .. -·.-.·: ,.- · . .' :· . 
· JJ?he · indi:cated veighted means· o:t t'hUi gro1,1p of' :data, ff\pi"~sent in an 

'I_ ... i.nd~vidual q,u~t~t ,~te -s~c~ion·~: ~11ld 9~ indicative···ot ~--!'Pooi), 1riding 
' I . .. I .. . . . ·. 

quality .. bit-11101.1$:payenient··~r a ··11Fafr1( ·rioncrete< p"aveinent. 

. . Tl,O veisl,t':c(i.t~dar,l 4v1~ti6:'0 ~~;st tb~t ... ~ome,1ts resulting·. 

, ... from .: $~P.tl:~, ·9.\\~~-1'.' ~le ~ass )rith the roi1itig· strfiig'htedge ,_,rlll generally 
.- jary,,,,from tli~; me~ value ~r Jumerou re;eat run~ -01/tne :ubiect is~ction . 

. ··: . ·:_ . .· ·. . .. · 1-- . ,· · .. · " - ·:: ., · .. ' ' .. 

. dlll"ing the· same ·d"1" .within. a imaxijnum of abow~ ± 2-3 ··4efects ± 0.5 per~~:,;rt 
. .. . .. . ', \.. . : ._ . . ' . . . . . . .. .. . 

·. -de·recti ve ( equi val,ent to 1 6~7 feet Of measured length) , and ± 9 'inches ot - . .· , . .• · .. · · · -. - ·_ . . " . l +, .- , . ,:,,_, .. ·:_ - · : .· · - . . .. . .-: .. , · _, 

I 

. ! 

defective area (equ,1val,.ent toj: __ 6 feet ,ot 1/8" deviation). The weighted .. 

'coefficients ot vari~tion ind!i_cate ;t_hat, , on ri relattve basis, the repeataoility 
. .. : • , ' . . .• . •. . . . . . . . I_> ·. , .• - ...• : ·. , •• ::: : -•·. . . . . . • ·._.-: ot each: of the thr.ee straight~dge par~eters:· is . essentfa:ily _-the . smn~ (± 6~10% 

. . . ·. . . i . -· I·:· ot tbe)nean}~ · : , . 
'j 

.· While the abov~ precisioh''statement·· :l:s usetul' i~ ga.ugin.g the short-
.... ·. . . ··,.· ' . i.. . . : ; . .· '• . . ·. . . .· 

.. -term variability:or:the' devic~ in 'genera1f it "is-"ot 'obvious interest to have 
j 

._. ' ·'··· • . ... ·. . - ' j . ... . ' . . ·,.' .,. ·. ,_, ... , ,,.• ,•. . . . 
levels.such as.those where naj"ginaLricling qual.ity~d associ,ated·pejialties 

.. ··. ,. . . ·.. ._· . '· ... ·.•.-.-:· ,· ' ,: . l. .. · . .. ... ·-: ·;_ . ,· ·, .. " . ..., . . ... _· . ' 
· ~ght be expected. __ · ii ·; 

... · 'i'o ~rovide itiformat.ipn · .. 1b -thill re~ard::,-:_tn: the ;,upper., po;r::~_iofr~ Of~' '!'ables 
'" . . _·: ·_'. . . ·', ;_,•!: . :: 

·. B~3 thru · B'."''5; -the, standard· dey:lations oi'' the short~term clata sample are 
> . ', .1 . _· •· ... ··. · .. ··_.·•, · __ '. . . ·:.· ... " 

s~ized by' 'the r~ge,s o( s~raightedge dat'°•correspondin~ :tQ "Good";·, 
.. , .. ·. . :· . . . '.· : . ! . . ..... ' ·_. . .· . • ·_.: . ' . ': .• 

1\ . ii Fair'', '81).d !'Poor'' FHWA. ri_ding .quality ratings,~.,. The, ihdicated_ reiationthip . 
. . ',, ... ,', ·. :· --_. .' : [ . . . ,'• ···. · .. , : . . . ·' _-.. ,' .-_ .. : . 

. between/straightedge ·deviations• and. riding quality rating is based< on'. the -

. ,;ro~0111ete~~$,tfaightedg~• corrllation described '1n _ th~ body- ot_ 't~i: report• 
I 

i 
· •·In these calculations dat~ t~r eight. smooth; riding sectd:~ris ahowirig high, 

:measurement pre.cis:lon are' el1111ina.t~~ so as 1;o .provide a conserve.ti ve · : -
· ~stima .. te of variabilJity •. !.f :these smoother· sections were included for . 

c: , ... ,. • ... ·_ E!XamplE! the st~dard deviat:l,qn fo:r. ',det:efcti,, \re l!:!11gth Voul(i ,.be reduced by .· .. 
·about 25%. . A similar :deletiqn is made tor· 3 se~tiqns in the lorig;-1;erJD ··. · · r data (Table B-2). ·. · J: . . . . . 

. I ., 

! 
·,: .j. 

! 
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. Summary i of' . Rolii~ StJ:"ai.ghtedge, Repeatability;' Tes~s .· 
; . -~··· • ' .• •. l '."·: •• • ,: ', :··:: __ : . ', ~· ,_,,_:> ::_· ', ; .' :,.· l' . ' ;_: .. ' . '. . . . '_· '·. ' .' . . . . . .. _ ·,_ :· . 

, (short-te:na variation),, _ ·. 

a .o +> .• ID . "'4 

~TRii.GllTEDGEPARAME'l'ERS• 
+' s:2 . t (J I., ., G.I G.I tis . ·Pi. Ol 

•. D,EFECTIVE LENGTH,,% DEFECTIVE AREAi,:t.n2 .. • ~, 
0 G.I . ,.. .P:. +> flt p. ID 

i 
3 l . 

.., 0\ t) 

.• (\I t) 
3 2 .li!I p. 

.flt 3 3 . -4 .., 0\ 3 • (\I . 
·Ii=. ,-t +). .... 3 5· 

2 6 
GI 
ID 

•.·.2 1 ., 
,:Q 

1'0.7 

48 
. . . 

0 

~+-.·1 - 3.21_· 

.. 55·.3 

lt8 

·· 12.5 .. 

0-

i.12 · 16.9 
/ ., 

",· 

12.2 

:11.6 

14.5 

~57 
.,2t . 

,_ 

371. -

o .· · 415.5 

-4.91 . 268 

1.65 ··• 4~8 

.o 

0 
·'·· ,· . .. . ,: 

_'ll.,3 

' . . 

0 . -0; '.· 
. . 

8.73 . -
... I.-~ :• 

.95 .269 28.3: - · 18.8 - ·_ . 5._3 28;2, : ., 
• 2 6 +) .. .... · 1.41: · 5.42 > . 6 .• i8 .05< 

,:Q -· 

I 

I·· 

2 9 

Ji 10 · 10.2 

. .· 3 1::r< .. J •. T ·.· 
3 .· 12 , .. 2.1 .. 

··3. - .13 .•. · .·.· 1.3· 

3 14 

3 .· 15 
.. ·:, 

3 . 16 
, 2.3 
.. · . . 

. 3 

3.· - :t.7-•' >_l. 

3 .. 18 l 

3·•.-·.· 19: .• -. 2 

.• l.11 . · .·• 71~9 

. fr' . 21.1 -· 

;~57 . 43.8 

.o 
. ; () 

·o 

. ·._._ ()-

•o 
_. ,o 

0 · .... 
. . . . . : . ,.,, 

! . 3 20-. , 0 (), - O . 

:: ... ,-,_ · .. 

,:,86 - .1,1 . 22.2 · 16.7, 3-?5 19.5 .' 

.• 56 .• 087 ' 15'..5 . 11 ,_i-73 

.li3_·: ·· .o44 10.23 . 8.5 0.9 
~278 .. ~088 3L6 5.5'. 1.73 

· .28 · ..• 118 - 42.1 . · 5~5 3~.~6 

.···•·•30,;··<0 

" ·.08· ·\o .·_ ... 
· .• oa : .o >. 

•O 6~0 · O 

.. o .·· ·-l.5 ·. o 
.· .0;-- · · . 1.5 · - 0 

.15 0 0 

0 

.15-7 

1.0.6 

31._5 

6~.9 

· .. 
'. 0 . i 

0 

a.-.1.,..._...,_..,._~2;,;1:l...;· .. · ,....~o::...· ....,_·~o .... ~!--.,·-.... ,~o, ... ·· .-ll~~...,.~._..._._..,..'--+--1t-.+ ........ ..-...... -'i · 
.' 1.. . . . I 

i WEIGHTED NE.AN .· •· . .. · I - - · .. 
e~t Seetim- i-13) 25 25 ·. l. • 293 5 .12 
• . I • . 

4.22 • . i67.o 
. . 

·.· .. , * ~-.E, A;; Mecm Test Value : O'= S o:r1dord peviotion 
., , ! < ·· .. ·.· I ......... · J 
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I. .TABLE B-2 
1
1 • • ••. . i 

Summaey.ot Rolli»;g Straightedge Repeatability T~sts 
i 
I • 

(r,bng-Term Variation} 
I • 

1! 
! 

I 

.-216-

I , • • 

· S T R >. I G H T E D G. E P A RAM E T E R , 

, . . ·. I 
Number of Detects 

6 

6 

57 

57 

57 

57 

53' 

53 

ai. 
81 '48· 
32, 

32 51.5' 

315 15 . 5 

. 315., 16 1.5 

315 17 0.5, . 

315 18 l 

i 

·1.41[ 
. . I 

I! o! 
I . I . . 

I' 

8.48 

1.41 

,• 4 24i . • I 
I 7,.oa! · 
!, 
I 

. 6 I • 5. 5/ ,. 
I 

2.12,I 
i I 

I 

2.83'1 

O! 

i i 
6'. 
i ; 

.11: 

.71' 

1.4i 
! 

9;16•,· 
I 

0 

47.33 

1.42 I 

1.4i 

,YL 
16.7 

.262 .11.7 

Detective Area, in2 

54.8 

60.8. 

,. 9.55 17.4 

4.24 7.1 

2.61 .268 10.26 66.o 4.24 6.4 

9 .l3 .375 3.93 

7.46 1.01 13.~53 

8.60 .0566 ' 

13.05 

.1.44 

·0~26 

0,75 

0.22 

l:. 067 10. 91 

0.502 5.00 

1. 91 17. 50 . 

0.75 

0.789 6.86 

·1.66 12.72. 

0.007 .48 
.155 59.61 

.• 106 1.41 

.318 1.41 

348 .. C:87.7 

24.4 6.36 

7.5 6.36 

1.5 2.12 

4~5 6.36 

. 22.36. 

22.18 

13~99 

29.02 

6.~7 

3'1.36 

6.28 

25.20 

13.25 

84.80 

. ~\41 
·' 141 

WEIGH'l'ED .MEAN 40.7 . 4.18 10.0 1.06 .10.6 285.4 56.9 19.9 
(Test S~ctions, 1-15) 
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· Roii1hg·· straightedge.·. Data s t~nda~d: Deviations·• 

S•~n#~tizec( by. Expe ted. ,£~v~l.. ~i Ridiri~· Q·:u~l:(.ty ,, 

· · Number. of ·Defects per 1/.4. mile · 

, ' 

20...;40 

.. Expected . 
Ridfrig . Qualiiy .: , ·.· 

Ratin 
C~nci;~~e 

B.i tu,ni·n us . .. 1-•1r .. ·_. · -·--·--.Poor .-------_.,.. 

5 · · . Number o{.'test · 
~~----S_e..,.c_t_i_o __ n_s_·1_n_.·_c_a_ .. t~e~g~o~ey~.··._ .. ·.~----..,_.~_,.~..,_..-3_·.,.... ...... ~-'~2---•.~~·~·l.·._._-+-__ s~._. 
·e 
.·~. Average Number of '.·. 
~-...,.. ___ . ..,.D.e_f_e_c_t_$._i_n_·•._c_a_t_e,.;::g;;,..o ... u_· __ 1 ___ ,.__·._1_.!_3_· ·....,_•6_. _.1_· _.,.__1_0 ...... _8---11--2_.6_· ... _·'--+--4-7_.9...,..· ... 
0 . .c: 

C/l ·I .. Wei h ted s taridard • Deviation ... · .44 . 1.35 1.41 

'21 .. · : N~b~r,of T~st· _;, · I .. ·· 73. 
"' · · Sections in Category 3 1 .·. · · .. •·.· 3 - ·· 8 01-------------................ _____ .... ___ -+-, __ ......,_+ .... ---..... -----t------
e . Aveiage Number of <'·' .·· ,' ,·, . 

·. · Defects in>Cfit~gory i ·5 ·· .16. 5 3 7. 5 · · 4 7. 7 ..... 
·i:: 
0 
~· 

.. - . . - . 
Weightep: Standard )i~vi:at~c:m 

. .- . I. 
.99 0 2.7.4 1.47 3 .• 0 

;· .. ,,. 

I 

j· 
I 
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·. Rd1iing Straighlt~dge Data, Staridard Dev'1at·ions .. .. . · .... -•·•· ·: .... r .· ·-·•· ... _·. <. ···. ··. .· ... ·. ·. . . 
_Summarized by Eticpected Level •of Ric,ling Quality 

. l1 · - · .. · i •·· . . . . .. 
· ·• · (P~ram~tert I Percent Defective Length) i . . . . . . ' . . . 

I 

l·],'ercent Defective Lertgth (Range) 
I.· 

.s-1.0, L0-2.0 2.0'74.0· 14.0..,.9.0 9.0+ 
Expected·. 

Riding Quality. 
Rating· 

··t1:1 Number of. Tes,t . . . • 1 

3 4 .~ Sectiort~ in Category . ! · 
A .... ----.-----. 

.. f!. .• Average :%.Def.ectiv~. 
. .. 

12.27 -~ · 1n category·· .1s • 738 1. s8 2. 42- 8. 02 
.µ1-------------'-~----------------1-------1---....... -+-------+-f----"--+--------1f------11 ,.. 
0 ..c: i ·. 

Weighted::sta.ndard ·Deviatiori~' 

t1:1 . Number of TEIS t 

.226 · .318 .346 

9 -~ Sectiorts in Category · .. ( ', 3" 0 0 3. 3 · 
A11---------------------.--...._~f-;;.;..;.'---'"lf-----"--+-----1--..:..--,--4-------"...;..-'"l1-------11 
-~ .· Av~rage:.% Defective · . . ··• .'. 
~-. 10·.ca~eg_ ory: ~i87 · ,,. .. _ '2.~47 7.8 11.46 

. ,~-----------..:..-----~-1;._,,----1...,...------4--..:..--_;....J..._;.---+-;......_;.--1..;...-_;.···~ 
-~. 
0 
..:l Weighted Standa,::d··:Deviatio11~ 

. . 

r. 

I.· 

i1· . 

1' 

.33 . • }27 1.20 . 

. . I 
., 
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C'd 
4,.1 
<1l 

0 

f 
Q) 

E-1 
I 

4,.1 
1,..1 
0 ,..c:: 

Cl) 

<1l 
4,.1 
<1l 

0 
a 
1,..1 
Q) 

E-1 
I 
oO 
i:: 
0 
H 

TABLE B-5 

Rolling Straightedge Data Standard Deviations 

Summarized by Expected Level of Riding Quality 

(Parameter: Area of Defects) 

Area of Defects per 1/4 mile(in2) 

0-25 25-75 75-250 25o+ 
Expected 

0000 : l:FAIR+POOR-Riding Quality Concrete 
Rating Bituminous f,,,IFGOOD+FAIR . POOR 

Number of Test 
Sections in Category 13 2 2 4 

Average Defective Area 
in Category 6.65 42.2. 198 370 

Weighted Standard Deviation 2.30 3.22 1.22 6.80 

Number of Test 
Sections in Category 4 3 3 8 

Average Defective Area 
in Category 9.5 60. 3 216.5 350.6 

Weighted Standard Deviation 5.6 6.5 59.13 63.7 

ii 



As indicated :1.n · 

l 
i 

i 
1. 

c,-, 

I 

I 
I· 

th~s~ 
. I 

calculations , , the absolute variation of 
, I - i' 
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stra.ightedge dat~ (i • e. , th~ weighted standard deviations) can be expected 
•. J1· · I ' .·_ ··• . 

to increase with an increasei I in the measured number~ length, or area or 
I I 

deviations. How~ver, while Ith~ standard deviation does change and 
, I 

. illustrate a trend, the difiJerence in V&l"iatio.n between stfaightedge 
. . ! . . . 
measurements on "Good'' or "~oor" riding q,uality sections is generally 

!· 
quite small. . For exam.ple, while a short-tern measurement toler~ce of . I 

one defect is associated wi t;h sections having a 5 or fewer defects ; the 
. I 

expected variability for ,am1eanof 50defects is only± 3 defects. 
,, ' , j ' i,' _- ' 

< . . . i ,• . 
Similarly, the difference in straightedge data variation ori "Good"' ., 

I • • • 

and "Poor" riding quality p,yements f or
1

· ~he Perce1:rt; ))efecti ve parameter 

a.mounts to only about 5 feet of measured.lengthper quarter.mile 
. . . . . ! . . I 

· (. 75 ± O. 3 versus 12 ± O. T?iercent Defe~tive). In view of these small 
I 
I • 

differences in precision, i~ is.believed that the previous rule~f-thumb 
I 
I .. . . .• . r .. . 

precision statement can in•:tlact be co11sidered generally applicable. 
I 
' . , _· .... - - . I . ,,. ·, ., . - ' 

Experience has shtjwn that for a given m~mber, length, or area 
I I ,/~ 

of deviations,, a bitumino\ls !pavement ,geperally would receive a lower I . . . 

riding quality rating than 1 concrete pavement. Thus, oneimplication 
• ···•• .. . :• i. . of the above.discussion of ~ariability is that if a particµlar riding 

.( 

quality level is selected a~ the onset of a penalty criteria, the precision 
I· 

with which the straightedge is capable of differentiating between penalty/no 
.. ·-·. . . . . . . . . .. i .. •- ·.. . 1./ .·. ·.•· .. · , 

penalty bituminous pavement will b_e slightly better than that indicated in 

the previous generalized prf:fsion sta.tement. 
, I . 
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• ~tr~s•a~E:~::e:::~~~;r,rt:r#; 
. . . I .· duplicate measurements varied from one'. week . to 10 • months •. 

Unlike the short-term: data sam:ple, the pavements selected for 

·long-term repeatability. tests are predominantly i'Rough" .riding pavements. 

. The veighted mean ot each ot .the straightedge parameters tor the data 
. ' .. ·.· . . : ·.. ·.. . . 

set of' Table B--2 are 2 /3 greater than those ot. Table B-L ·. 

While the mean relative variation or precision observed tor the 
' . . . . . . . 

short-term data. was approximately the same for. each ot the .three str,igptedge 

paramete:rs, . in the case of the long-term: data., this is trll! only of the 

number and defect.i ve length statistics • A mean coefficient of variation of 

10% was recorded for both these parameters. The defective area parameter, 

in contrast , had a c~efficient of 20%. For all three parameters the 

. relative precision for long-term measurements was signifi.cantly larger 
. . . . 

than that for short-term data - twice as large for number and defective 

length ~d seve11 timeis as large for defective area. A comparison of long 

. and short term precisions by ro~hness levels (Tables ~:-3 to B-5} further 

reveals the greatest loss of precision to <;>ccur with ro~h pavements .• 

Specifically, in examining the percent defective length tabulation, it appears 
. . . 

that while the precision representative of intermediate roughness remain the .. . . . ,. . . •, . . . . 

same (i.e. ± 0.3 percent defective), the effect of a long interval between r· ·. ; . . .· ·. . 
measurements was to itncrease the variabil.ity .associated with the "Poor" 

. . i \ • 
. roughness category- four fold ( l. 3% vs . o. 3%) • A similar. pattern of 

. : i •· . 
.. ·· reduced precision occurs with the defective area parameter. The indi.cated 

.long-term repe,atabili ty · for deviation area of pavements in the roughest 

riding category amounts. to the equivalent of 40 feet of l/4 inch deviation 

per quarter mile. Roughness level seems to have little effect on the 

... . 



., 

.. 

,' 

! 

on the long-term precision a;ssociated with the number of defects parameter. 
.. . . _-·)·- ., .. - l 

B. Sources of Varial:>ility: While a number of factors may enter into 
:1 

the reduction of precision :flor long-te~ data in pa:rticular cases (e.g., 

actual changes ip the surfade being measured, operator differences), . 

it is believec;l that generall.y the most sign:j.ficant variation can be 

attributed to two i;;ources: differences ~n the line of travel.between 
:. I 

measurements and errors in the calibration of the straightedge. 

Line of travel.variation: It is in the nature of the New Jersey 

rolling straightedge that, . in the practice of testing, a departure of one 

foot or more from the intenq.ed line of travel might commonly be expected 
i 

at intervals throughout the ;length of being tested. This problem of 

following a desired line is 'aggravated when testing projects under 
I I 

construction, due to the absence of painted lane markings. 

Sample straightedge "contours" made on a number of projects have 

indi.cated that on rough pavements such as those considered in the present 

long-term data set, measurements as close as six inches transversely can 

exhibit significant differences in deviation magnitude or length. 

Examination of the data for test sections 3 and 5 of Table B-1 

gives a specific indication:of the releitive magnitude of roughness 
' 

variation within a given leJlgth of a particular lane. These.two sections 
I 

I 

I I , 

· profile lines 1-1/2 feet apart in the same lane -- exhibit the same number 
: I 

of defects, but a 30% difference in defective length and deviation area. 

It would thus appear reasonable 1 to assume that normal "weaving" 
I j 

: about a test profile line or the inadvertant choice of an offset from the 
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intended profile lirie ~ould· account tor-a·S'ignitiearit portion· ot·the· 
' [ : I' ' ' ,> 

variability 'in. this ot any-, similarly'' ol)tained· se't. ()f long~term.. straightedg~ 

. measurements. · .·An'Y. such eff~ct obrlc'.lusly" ~oUld< be a rer1,ction o:r :procesai· 
.. ,. .-· .. ; 

var1$bility r~ther than straightedge erro:r~. 

: Calibration Variation: ·If; as in the present case~ the calculated 

·. ·. deviati.on area for long:-~enn : straighie~~ d&t$, shows e.· disproportionate 
·' 

.. · .. prec'ision loss' ~om.pared. to tlu~· . de~·at1oh rium"b~r and length parameters, •. 

I 

J t is apparent. that. differences in the 4,eviatio~ Jl)4giii tude lDUilt · h$je · . · 

existed. between f~pea.t meas~rements ,· , 

•. This is in tact t~ue of the data of Table B~2 , with the readings 

f'orboth I~280 projects (constitU:ting the'.me.jorit;y ?f.the dat~)-showiri.g 

,· a genera.I decrease rather 'th~ rand~m 'variati'on. in ' the, indicated' deviation 

magnitude. Approxim-.tely one-fourth 0f.the lnciicated'.number ofdeviations 
. . . . . . . . . ' . . . . 

we;e reduced t~ .l/4" to l/8;(between. thtf.:tirst (earl.y fa.11}, and second 

. (le.te f'all) mea.Surf!ments on>these··projects. 

-:The c<>nsistent pattern of variabllitY' observed on :th~se two•pr'oj~cts 

indicates th~t>a substanti_alportion· .. ot the,obs~rved' diff'erehc~ ::in rea.dl?tgs 

' ts. due' t~o differen~es in c'Uibration Of the straighteage •. · The' greater ' ' 

influence· of call brat ton on the: calculated defec,tive ar~ in· comp~ison:'to ·· .. 

. the num~r .and. length par~ete~s. arlses . from the sensiti:yity-·Of'. the lieviet! · . · ! 

· and the method of dai6u.lation: •. ·.That. is,, since. the Sinallest. in(!relll.ent Oil tlle 
' ' 

straightedge dial.. ii 1/811 ,a differ,ehce iri calibration ·sufficient: to ::~ause . 

I . ·,_. relatj. vely small' nUJ)lber ;of/lll}sse~ or :r<:>~eshortened detec~s. mat. cau15e a. 

. I ' 100% erro~ ~n de~i'atio~ are.a;. {;recall, that ;deviati9n·: area, ls :-b~s~d on the, I .. . . . . ·.. . . . . . .. . 

I 

.., 

·.,··• 

' .',' 
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Since th:ls testing indicates that at least an occasional calibration 

difference can be expected when straightedge data is collected over an 

extended period of time, a tolerance fo.r indicated deviation magnitude 

is obviously in order. In New Jersey practice, when such differences 

have occurred, the maximum•difference between the magnitude of repeat 

.readings of individual.defects is. almost without exception the lowest value 

recordable (l/8"). Howeve:r:, if actual variation even approached 1/8" 'throughout 

a section, it is apparent that a very considerable difference in the indicated 

number of deviations would :exist between repeat readings· (i.e. the consistent 

appearance or disappearance c;,f 1/8" deviations). As previously mentioned, 

this situation is not indicated by the data •. It would thu.s appear that an 

intermediate magnitude precision--on the order of a maximum o.f 1/1611 -:..might 

more reasonably be associated with the data collected in this work. 
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Dir.ection of concreting 

Cork plug, 111 thick, 
d iometer some os 
dowel . 

FREE END .. 

. 14 gbuge tie wires . 
•·Stainless steel 

sleeve, .9 l'4'tono 

2 11 wide Bearing plate, 1811 long 

Note: The dowels shall be parallel with each 

Hot-poured rubber- ospholt joint sealer 

FIXED END 

12. guoge center. plate 
securery welded dowels 
and bearing plates 

• 

- 111 111 ·.. - -- - .... ;. 

I x •¾i. Strut securely we'lded • 
to stiffener and bearing plate. 

.. ·,· :·,· ·:· ... • • • • •;4 • . ·. .. . . . . .. . .·.;·. .• ·;,.: .. 
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other, parallel with the bearing plates, and · < 
perpendicular to the center plate. 

DETAIL 2 

NEW JERSEY TYPE A EXPANSION JOINT 

TYPICAL CROSS SECTION 
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Protection Cap 
Pavement Surface 

Top of joint filler is 
protected by a sheet 
metal protection cap 

· during concrete placement 
and machine finishing 
ooerati ons. The protection 
cap is removed after fi ncil 
pa~saQe of the finishinq 
machines. .. 

STEP (3) 

Doubled-edged 
Finishing Tool 

When the concrete has set 
sufficiently~ and after 
brooming, the concrete at 
the joint i~ lightly edged·· 
and finished with a doub 1 e-· 
edged tool. 

I 

STEP(2) 

Upon removal of the 
protection cao, a 
finishing strip is . 
placed. After replacement 
of disturbed concrete, 
the pavement surface is 
finished to the proper 
grade by means of a 
notched float 

STEP (4) 

Hot-poured Rubber Asphalt 
Joint Sealer 

Completed Joint 

Procedure For The Edging And Finishing Of Transverse Joints 

DETAIL 3 



.. 

Displacing concrete to remove sheet metal protection cap. Installing finishing strip over joint filler. 

DETAIL 4 

SEQUENCE 0'7 EXPANSION JOINT FINISHING OPERATIONS 



Rep-lacemerit of disturbed concrete. Initial surface at joint. 

DETAIL 4A 

SEQUENCE OF EXf'ANSION JOINT FINISHING OPERATIONS (Con't) 

.. ,, . 



RHtoring pciv~merit surface to proper grade bl~ea~s' of. 
.. a 6 ft. long notched float. 

DETAIL 48 • · 

• . 

After brooming,, joint finishing is completed by light· 
' apphcation of double.;edged tool. . . . 

.. . . ' . : . . . . 

· .. SEQUENCE.OF EXPANSION JOINT, FINISHING OPERATIONS (C:on't) 
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•.. PROPOSED SMOOTHNESS SPECIFICATIO~S 

· FOR 

BITUMINOUS AND CONCRETE PAVEMENTS · 

· 1.0 · Smoothness Tes,~ing of Hot.;.Mfx' Bitum.inous Concrete. and Concrete 

Surface.Pavements 

l.1 · Control Testing: The Contractor shall be responsible .for checking 

his work during placement to enable hiqi·to make corrections while 

the material is in a workable condition. 

l.2 Acceptance Testing: Acceptance testing will be perfonned on the 

wearing course of Hot-Mix Bituminous Concrete and on finished . 

Concr;:te Sur.face Pavement. Such testing will be performed by the 

Engineer.with an approved 10-foot rolling straJghtedge that auto'."" 

matically mark$ in colored dye the length of pavement surface 
'· ,_. 

~artat:fons exceeding 1/8 inch in 10 feet. The timing of smoothness . 
: ,' . ,' . 

' . . . 

acceptance tests shall b' completely at the op,ion of the Engineer. 

Generally, acceptance testing of a lot of Hot-Mi)( Biturninous Concrete 

will be perfonned the same working clay the lot is placed. Smoothness 

acceptance testing of Concrete Surface Pavement will 'generally be 

perfonned theworkfng day following.placement of.that lot. 

Any re.quir. ed sw.e ... eping of the surfaces of bituminous and co.ncrete - . . . . 

pavement prior to acceptance testing and notching of expansion 

joint filler paper necessary to permit passage of the straightedge 

on Concrete 'Surface Pa.vement sha 11 be perfonned by the Contractor · 

as part of the work of paV1:!ment construction and shall be includep 

· in ;he unit price bid ther~for. · 

Ji 



.. number of square yards of Concrete Surface Pavement placed i.n each · 

production day. Hot-Mix Bituminous Concrete shall be accepted in 

lots equal to the tota.1 number of tons represented by the sum of the 

number of_tons of wearing;course placed in each production day and 
. . , . I . . 

the number of tons of all:bituminous courses underlying the day's. 

production of wearing cou·rse. · 

The acceptance of a 1 ot wil 1 be based on the percentage of the total 

length of the lot having ~urface variation exceeding 1/8 inch in 10 
' . . ·. 

. . 1'i. ·. 

feet, this percent non-compliance being defined as the Lot Percent,: 
' ' 

Defective Len~th. Lot Percent Defective Length is computed by adding 

the lengths of individual:surface defects exceeding the specified 

tolerance~ dividing this by the length of pavement tested, and 

multiplying by 100 to conyert to percent. 

The full extent of the lot will be tested in the longitudinal direction. · 
. ' 

The transverse 1 oca tion of the test wi 11 genera Hy be in the whee 1-

pa ths of vehicle travel, ~ere defined as the two• imaginary lines · 
. i . 

1 ocated approximately 3 feet on each side of the centerline of th·e 
' 

lane and ·extending for the full length of the lane •. · The wheel path 

.of the test shall be determined randomly and varied every Joo, to 400 

.· feet. 
' ' ' 

The minimum number of ful 1-1 ength test:~ required to determirte the Lot 
' ' 

Percent Defective Length is given in Test Schedules 1 and. 2. ·. The 

25% sample plan, whereiri the number of iests·is at le~st'equal to 
.\ ... 



__ SCHEDULE 1: ACCEPTANCE TESTING SCHEDULE FOR HOT-MIX BITUMINOUS PAVEMENT 

Corresponding Number· . · Lot Percen .Payment 
·sampling Of Tests Defective Or Retest 

Plan One Two_ Three Four Length Requirement 
Lane Lanes Lanes Lanes Measured 

0 to 1.0 Pay 100% 
25% Perfonn Plan 1 2 2 l.l to 31.4 50%Testing 

3.5 or mor Test Each 
Wheel path 

Oto 3.4 Pay as Per 
50% 1 2 _3 4 Schedule A 
Plan 3.5 or mor Test Each 

Wheel path 
100% ,:',. 

All Pay as Per ·-

2 4 6 .Plan 8 Values Schedule A 

SCHEDULE 2: ACCEPTANCE TESTING SCHEDULE FOR_CONCRETE SURFACE PAVEMENT 

Sampling 
· Plan 

25% 
Plan 

100% 
Plan 

1 

2 

Corresponding Number· Lot Percent 
of Tests - Defective 

Two Three Four _ Length 
Lanes Lanes Lanes Measured 

·Oto13.9 
1 2 2 

. -14 or more 

4 6 8 All 
Values 

Payment 
Or Retest 

Requi-rement 

Pay as Per 
Schectule B 
Test Each 
Wheelpath 

Pay as Per 
Schedule 8 

SCHEDULE A: BID PRICE ADJUSTMENT 
- SCHEDULE FOR HOT-MIX BITUMINOUS CONCRETE 

.Lot Percent 
Defective· P.ay 

Length Factor 

0 - 1.3 1.0 

l.4 - 2.3 0.98 
.0.95 

SCHEDULE BZ BID PRICE ADJUSTMENT: 
SCHEDULE FOR C0NCRETE SURFACE PAVEMENT 

Lot Percent · 
Defective 

Length 

0 - 5.0 

5.1 :- ll.O -
11.1 .. 13.9 

. Pay· 
Factor 

1.0 
0.98 
0.90 

I 
N w w 
I 



.. 
.),, 

one-fourth of the number .. rit: whee lpa.ths i1,1 a day's. product fan, 1 s, 

to be used initially ,,ithlboth pav~ment types~ Final compliance 
' ' 

of Concrete Surface PavemEmt may be base<;t Ofl the results of the - - - . I . . . . 

25% sampling .except that if the Lcrt Percent Def.ec:tfve Length 
. . . . . . .· . . , . I , . . . . .. .· •· . . , ' . . .· ., 

exceeds the maximum value]Jn Schedule•B, each,wheelpath.shall be . . .. I 

·tested .... Hot--Mfx Bitumfno~s. Concrete Pavement wn1· ~e accepted. at 
• J • • 

a 1.0 pay factor based on!the 25%'sample plan. lf a pay factor 

other than LO is i~dicated by' the tests of the 25% sample plan, 
.. . : -_' - , ., ' . . •' ' 

. additional .•. tests.shall be· 'perf<>nned such that the total number ·pf 
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tests performed equals that shown for the 50% sample plan. If the 
' ' ,, ' ',· / ' i ''' 

~ot PercenJ Defective Lenfth exceeds, the maximum value in Schedule A, 

each wheel path shall be'. tested~ 

When more than one test ls specified in Schedules l or 2, the initial 

and intennediate transver{e locations of each test is to be detennined 

randomly. · In no case wil exact duplicate tests be perfonned. · When 

testin~ of all wheelpathsi 1s ipec1fied, no 1ntennediate transverse· 

•·.·variation of the lndjvid~~l tes~s wlll b~.made. The results of 

preceding tests shall not! be included Jn the computation of Lot .. 

Percent Defective,Length when application of the 100% sample plan is 

indicated. 

I 
The number of ~ests performed beyond the minimums specified .in 

Schedules 1 and 2, .if any, shal,1 be completely at the option of the 

Engineer. Generally., the. number of tests performed wi 11 be the maxi -

mum number feasible with 1available State manpower. In addition to 



. ' ·1· '. 

. 'I 

i 
I , 

t ··, ''• .. 
. '·_: ,,·_; ,' 

~e te$ts r~" on randomJy· selected 'stt.es .th'.e Engin~rreserve~ -ttl~·• ... · 
. ~ight to tes~ a~ a~; whf~~ appears ~~i~:~iv;: ·tncludi~g a ·previou~ · . . . . . . . . . .·· 

day's production which subsequently bec<>mes da111ag~d~ _. 

• If the Lot P~rcent -Defec'tive .i~ngtb- for Hot-Mi·x·Bitumtnou,s Concrete·.· 
or Con.crete · Surface Paveme,nt. e~ceeds · the .amount isbown for the· l.O p:ay •·· 
factor. shown i l'I Jchedul es A and B respecti \'eJy,, and -if. the Contractor ' . 
electsnot to re-~e and replace th~·pa,v~me~t;thel~t,~y be accepted 

· upon wr1 tten "quest of the Contrcictor at -~n _ad~ uste~. uM t prfce. > · 
' '.· . . ·'. 

The adjusted unit price for a lot of Hot~Mfx Bltun,1ino11s-·coricrete shall 
-be the pro~uct of the Contract: unit t>icl· pri~e for the: item;and:':the . 
appropriate pay, factor of Schedu1 e A. · ·The· adj~s ted unit ·:p,r.ice for 

Concrete -Surface .PaVenMt~t s~al l bff the product Of the Contract urni t 
bi.d _pri~- _for .. the item and the· appropriate ·pay factor of Schedule.a., · 

:.- • • •. • • ·,, • ·• . • • • . •• -.'; .. ;;,., . "· .• • '< 

If the Lot Percent Defective Length fo~-Hot-Mix Bituminous C~ncr&te . . . .. . .. 

or Concrete Surface Pavement exceeds the maximum value showra i~ 
Schedules A and B ·respectiv~ly,· the ,Engineer.may .~rderre110val of .. ·-

.. . . ., ·. ' . ,• . ·.' . . . . 

any or al 1 ·of the pavement in the lot or 11::ihe, material .. is allc,wed 
to remain in place,comput,tion· of. the adjusted uritt' price will bt! 

based upon a piy factor of o, 80. -

·, 

·. ti 

. )i. 
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,: ''RE'CENTLY. ~OOPTED·$PECtFICATION, :. ' .· 
I i' 

· ·-· 1 -·FOR:-
i · I 

· CONCRETE D-ECK- ·S'LAB , , 
r , . . 

·. PLACEMENT AND ·FINISHING I . . . 
I . 

. · .· - . .. . ' .- I 
Ar:t1cle 4.1 .3 Concrete Structures J,' -. 
. i.: , ' ··. ' . , , .'. ,, 1: . , •. ' , . ' ' , ..... · .· . .- ' , .. , 

All reference to c~ncrete deck ~lab;s in. the las-t ·paragraph on page 225 and ln ·. · 
the 2nd and 3rd. fun paragl"aphs on !page 226 of ·the standard specification are 

· deleted and the following' two subs~ctions ar~: substituted therefor: •. · · 
. ·. .' ·. . . ., .. ' .. ·1 • . . " .·,. . . ' . 

. Concrete. Deck 'SltbS.:·· · At: leasf ~o :calendar' days prior to the proposed ' 
start of p1_ac1ng bridge deck concrete, the contractor shall submit· 
, written plan ·of operatipn f°ir' review by t~e'engine(!r. TMs plan. . .. 

· ,hal 1 include a. s~re~d and ran _erect,ion pla,n, d~ck grades, the seque·nce · .. 
and proposed·· rate of placing dqricret~, the number and type of pe~onnel ·. 
·who w11lbe engaged in the WOYjk, and a .~omple:te descriptio11"of. the . 
equipment to be used._ in hand11:f\g.,· placing. and finishing _the c,oncrete.·· 
Approval of .this plan will not relieve the· con•tra.ctor· of the responsibility · 
for the satisfactory perfonnance of ~is methods and equipment. _ . ···· .· . . . I . . .. · . .· . 

-: .. ·;, ... ,:. ,' -:. -~-- ' .·., ',_ . ·\~ '· .' \j· '.·. ·, '' ::· .,-'. .. ', ',· ·. : ':. _;_ ···1···.·., ·.. ·.-. · .. :. . ' ' . _- .. · 

Computations for· setting fo•:m~ ·ar,d· screed supports sha 1 l be .. based on ' --- i i 

· an accurate set of eleva'l;ions /run by' the contractor a,t points no further 
than 10 feet apart on:each beam. 

·. . . ' ' ! . 

I ' 

. 1 The placing of concrete will not be: permitted until the engineer, is . 
satisfied that the proposed placemen.t":-and finishing. operatio~ w.111 be 

i · · completed with'in the scheduled time/ that experienced concrete finishers .. ,\·.: 1 .·. are available to finish the deck°, that any required weather protec;tive . ·· · 
I mateir,1als are in phlacde,tantdh.,·t~aitt·· •·allf'.;nteh_.c;f!s,sarky fdinlshinig tootlisiaancdt.ory. . 

· equ pment are on an · a e s e ·~ . e · wo,r an ~re . n .sa ,s . . 
, · condition for use. · · J · ·. , .. .. -· · · . · •. ·· .. · .... · . - ' . :·,.·-.i . ~-'.·:.:·· /,,, . . . -

· Methods, procedures·, •nd eqiA1l)ment.s•halri_ .• be used which_ will insure a··.· 
smoQthriding surface complyiog with the surface tolerances sp,cified 
herein below without overvi'bratton or. segregation of the_components of 
the con.crete. · - , · · · · · · · 

I. 
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Any change in the number, location or configuration of construction joints 
frQm that shown on the design drawings must be approved by the ,engineer. 

'·..,~ . 

The contractor shall maintain a minimum rate of placement of 30 cubic 
yards per hour for all deck slabs of 180 cubic yards or.less .. When the 

! deck slab is in excess of 180. cubic yards of concrete, the minimum rate 
of placement shall be 40 cubic yards per hour. The placement of concrete 
shall be scheduled such that finishing operations can be completed during 
daylight hours unless adequate lighting facilities are present on the site 
and the engineer's approval is given. 

The concrete shall be delivered, distributed and conscilidated at a 
uniform rate to insure a continuous operation. The working face of 
fresh concrete shall at all times be maintained approximately parallel 
to the finishing machine or other strikeoff. 

I 

Unle1ss otherwise indicated on the plans, an approved self-propelled finishing 
machine will be required for striking off and finishing the surface of 
all structures. The finishing machine shall be the rotating cylinder 
type or the oscillating type. Longitudinal or traosverse type finishing 
machines may be employed for spans up to 75 feet, while finishing machines 
for spans exceeding.75 feet shall be of the transverse type. The finishing 
machine shal 1 be capable of be.ing propel 1 ed both forward and backward 
to enable repeat passes to be made i.n order to correct surface irregularities 
and to produce a surface which conforms to the required profile grade, 
cross-section and surface smoothness. LQngitudinal finishing machines 
shall be the full length of the span. Transverse finishing machines shall 
preferably be of sufficient size to finish the f.ull width of deck between 
curbs, but not 1 ess than the width of the approach pavement or the · 
distance between longitudinal construction joints. In areas outside . 
the width of traffic lanes or in areas inaccessible by .. mac.hine, vibratory 
screeds or other manually operated strikeoff approved by the engineer 
may be ·used. . · ' . · 

The weight of the finishing machine shall not cause undue deflection 
of the bridge members or falsework. The machine shall travel on steel 
rails, pipe or other approved grade control. which shall be adequately 
supported by vertical supports securely fastened in place at spacing 
sufficiently close to prevent any appreciable deflection between rail 
supports. The suppo'rts for the rails, when located in the deck concrete, 
shall be of the type which can be removed without disturbing the.concrete 

, or partially removable so that. no part 'remains above 2-1/2 inches .below 
· the finished concrete surface. If such supports are removed before . 

initial set has taken place, .the resulting holes shall be filled with 
deck concrete:, if the concrete has hardened holes shall be satisfactorily 
filled with non-shrink, non-staining grout. 

\ 
\ 
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Prigr. t~ pbcing the concretei, raHs or other guides for :the finishing 
!l)achine-sha11 be completely in place, accurately set to achieve the 
deck elevatfons shown on the plans, and secured for the full length 
of the concrete placement plus ·such additional distan.ce that· .the machine 
will clear all finishing ope~ations. -- .. · · 

·, The finishing machine shall be oper.ated over the full length ·of the ' ' 
bridge segment to be finished 'prior to beginning con.creting operations~·· 
This test run shall be made 0 "(ith the screed adjusted to:tt~ finishfng , 
position. During the' test r~n chedcs· >shall ·b~ ,:made of the deflec:tfon .· · 
and adjustment of guide rails and of the cover over slab reinforc.emen~ 
and fonns. Al 1 necessary: co~rectloi,.s s~all 'be made befor.e concreting 
is begun. If the finishing n,achine'isof the longitudinal.type, the · 

. test run may 'be omitted whi:m irei:nforceme:nt clearances 'preclude movement· 
of the machine across the detjk. · · ·. · · · · •. .· 

Concrete placeme·nt and initi~'l strike~ff by- a transverse finishing· 
·machine shall. be coor,dinatediso that initial ·strikeqff js never more 
than 10 feet behind.the conctrete<p~acemettt~ 
- . - .. · . •· , I . .: .• ·,, ; _. . • , •.. . . -. , -. 

Strikeoff by a longitudinal 'fi<nishfng machine shall not be initiated 
until concrete has been pla'c~d ,a mtn'imum of itwo bays iWi de , for the . . 
entire slab length. In this !context, a bay i-s <defilted as the horizontal .. 
di.stance between adja·cent ·gitders .. -The fiDa'l pas·s by the longitudinal . · 

. finishing machine shall subsequently unifQrmly lag the placement by the 
_ minimum two bay width ... · Sufficier:ttdepth checks shall_be made behind .. 

the machine<and along the· full length of the span tc>' insure achievement .. 
of the required section and. reinfo·rcement -ccwer. ·. . · ·. ·. 

. / ' . . . . . . . . 

The concrete shall be .. given 'as few ·-pas·ses of the ·ma·chlne as are necessary 
to obtain a smooth. dense 'S:Ufface :9f thf-·requir-ed :contour< . A small · 
uni form quantity of morta·r s·~al 1 "bi;! milntalned ahead ._of the· screed . 
on each pass. At no time sh~ l'l the qli!in'ti ty pf -concrete carried ahead 
.of the·screed be so great asito cause slippin-g()r lifting of the 
finis~ing .machine on ·the rans. . . . 

• • • ' • • I 

. linproper adjustment or ope'ra~ion o:f ,;the 'f'hiishing machine· whtch r~sults. 
in l.!nsai.tisfactory eon-solidat~:on, reinforcement ·cover, or smoothness shall 
be _corrected immediately. Ut'lsatisfaat¢"Q.f'lY performance, particularly 
with respect to the surface '.Smoothness attained, may be cause for rejection 
of the eqyi pment. . · · 

'.-.- . , I .· , , 

. A work bridge ~r other posit¼ve mean:s o:f ·permitti·ng :a-ccess to the surface 
· of the deck shall b~ provide~ by the ·contrattor for the purpose of finishing, 
·straight-edging, making c~rr~ctioos, an_d the o~tler <operations r~quiring · 
access. to the .surface of the; deck after the' passing of the screed. . Before 

.· cohcrete- placing operations !begin, ·substantial bulkheads or. headers· shall 

. \ 
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be ,seJ:. a~;~hapet"to 1:Hl>;lijt't;;;i''<i~ck surface cross-section. Unless · 
· otherwise specified, the concrete shall be placed as a moriolithic unit 

in a co:ntinuous .operation between joints •. 
· When the concrete placing ls within any complete unit (i.e. for trusses, 

arches, continuous or cantilevered unit) is to be divided as shown on 
plans, the placing shall be made and finished in the numbered sequence 
shown, beginning with the. lowest number. All sections having the same 
number shall be placed before sections of higher number. However, the 
sequence of placing sections having the same number shall be at the 
discretion of the contractor. No deck section shall be placed until 
all previously placed concrete within the complete unft has cured for 
48 hours. This requirement may be waived, under certain conditons if 
the succeeding section can .be completed, with 4 hours of the initial 
placement of the day. Written approval of the engineer will be required 
to waive this requirement. 
Unless otherwise shown, the sidewalks, parapets and curbs within any 
one complete unit shall not be placed until all the deck slabs within 
that complete unit have bee.n placed. The numbered sequence shown 

· shall also apply to pede~tr;an sidewalks (over 21 -6 11 wide) sections, 
but it need not apply to safety curbs (2'-611 wide or less}, curbs, and 
parapets. 

For simple spans the placing of' concrete shall preferably progress 
upgrade •. However. deck slabs may be placed with a finishing machine 
in a continuous operation from either end of a bridge regardless of 
grade. · 

Finishing deck slab surfaces. Bridge deck or top slabs of structures 
. serving as finished pavements or bases shal 1 be finished as specified 

above. · 

Finishing shall continue until such tiine as there remains no deviation 
greater than 1/8-inch when tested for trueness with a 10 foot metal 
straight edge furnished by the contractor. When a bituminous concrete 
surface 1s to be placed on a bridge deck, then said deviation may be 
relaxed tol/4-inch, when tested for trueness with a 10 foot metal 
straightedge. 

! 

After finishing has been completed and as so1,n as all excess moisture 
has disappeared and while it is still possib]e to produce a unifonn 
surface of gritty texture, the roadway surface shall be broomed as 
specified under article 3.12~3 •. Sidewalks and top of safety curbs 
shall receive their .final finish with a fine bristled broom. 
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APPENDIX F ., 
Proposed Smoothness Specifications 

for 

Concrete Deck Slabs 

1.0 Smoothness Evaluation of Concrete Deck Slabs 

1.1 Control Testing: The Contractor shall be responsible for 

systematically checking the smoothness of deck slab, surfaces during . . 

placement to enable· him to make corrections while the material is in 

a workable condition. 

Such systematic contro.1 testing shal 1 generally be performed 

as follows: After the intended final pass with the finishing machine or 

other strikeoff, the deck surface shall be checked by the Contractor 
. ' 

. with a 10-foot metal straightedge operated parallel to the centerline of 

the bridge" Surface variations from the testing face of the straightedge 

sha 11 be corrected before the concrete sets. Maj or deviations s ha 11 be 

corrected by th~ finishing machine or·other strikeoff, while minor 

deviations may be corrected by the straightedge or an approved float. 

The specific conduct of the straightedging, including the 

number and location of straightedge checks, shall be entirely the province 

of the Contractor. However, it is suggested that the checking operation 

progress in five-foot longitudinal increments, with at least one full-slab 

length straightedge check being made within the transverse limits of each 

of the designated lanes of traffic. 
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1. 2 Aec_ept~n.ce resiting: ·• . Concrete' deck s 1 abs wi 11 be tested for 
· .. · .... ·- . . : -.I·.· ··.··, ·. ·, : . - . ·, .. -. . -.. · ·. 

· · smoothnes$ ,ceeptante tn lrots equal to the number of cubic yards of deck 

conerete pl a·ced each produ:cti on day. ,' ' ' 

A~ceptal'!ce tes:ting wiJf be performed by the Engineer With 
. 'f ···. . \ .- ,;_ -.. ·. . . 

an approved 10 .. foot ro11i"i9. straightedge that automatically mc1rks in 
I , . ' · I 

~lored dye the· len·gth of ipaveme·nt ·sUrface variations .e·xceedi ng 1/8 inch 
' . . ··. _· .· : ·: .·. ·. ,. I ·:-· . - .· .. ( . . · - .... _:· . . __ . ·__ .. . _.· 

in 10 feet •. Such. testing iwillnot be initiated until after a slab's final 
- ' : ' .. . ,,·.: . . . 

set is achieved. Thespeqific.timing.of'smoothness•'acceptance tests 

' shal 1 be completely at t·He option ()f th~'.: Engineer~ Generally' smoothness ' 
.... ·.·· •. , -· ... I . . . . . . . . . 

acceptance testing ·of a ctjncrete deck slab wi 11 be performed the wo~k i ng 

day· following·placement 01· tha~' s:lab.: 
. The srrioothness accep.tance of a 1 ot wi 11 be based on the percentage · 

,. I , . 
I 

of the total length of th¢ lot having .s~rface variation exceeding 1/8 inch 
• I , 

' . ' '' ! ' ' ' . , ' ' ' 
in lo feet~ this percent ~on..;compliance be-ing defined as the_ Lot Percent I . . 

, . • . I . . . . .· . ·. . .· . 
Defective Length. Lot Percent Defective Length is computed by· adding . .. I . .· . •. . . . . . 

the lengths of individual i surface defects ·exceedi,n·g the specif_ied . 
. . . \ . ·. . i : .. . . . . . .· . . 

· tolerance, dividing· this ~uni_ bY the t_ota1· 1en.gth tested, and multiplying . . I . . .. : . , -

by lQO to convert to percent .. 
. .. . I 

.' ' -' ' ' i ' ' •... ', ' ' ' ·. ' ' ' '.,· ' ' 
The: full exterit ·of the lot will be te,sted in the longitudinal 

I ·. .. .. . . ·. .·.. , .. · .·. . . 
direction. The transversk location,ioi the test will generally be ih the 

. I .·· . . ·... ·.. . . . . 

wheel paths of vehicle tra~el here .defined as· the two imag.inary lines. 

l_ocated approximately 3 f~et on e·ach side of 1the_.centerlin~ of the lane 

and extending for the fuljl length .of die lane .. ·. 
I . 

··. I · ,. 
I 
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The minimum number of full -1 ength tests required to determine 

the Lot Percent Defective length.shall be equal to the.total number of 

wheel paths in the lot. The number of tests performed beyond this minimum, 

if any, and their location, shall be completely at the option of the 

Engineer. 

The Lot Percent Defective Length of concrete deck s 1 abs which 

are required to be struck and finished with a self-propelled finishing 

machi,ne shall be evaluated using Schedule A, the appropriate subschedule 

being dependent on the bid date of the project. If manual strikeoff and 

finishing is. permitted by plan exception, Lot .Percent Defective Length 

shall be evaluated using Schedule B, the appropriate subschedule being 

dependent on the finishing method (machine or manual) actually selected 

for use·by the Contractor. 

If the. Lot Percent Defective Length for a concrete deck slab 

exceeds the amount shown for the 1.0 pay factor in the appropriate 

subschedule, and if the Contractor elects not to remove and replace the 
. . ' . . 

), 

slab, the lot may be accepted upon written request of'theContractor at 

an adjusted unit price. 

The adjusted unit price for a lot of Class B Concrete 

incorporated in a bridge deck sha 11 be the product of the Contract unit 

bid price for the item and the appropriate pay factor of Schedule A or B. 

If the Lot Percent Defective Length of a machine finished 

deck slab is 25.0 percent or more, irrespective of whether such machine 

. finishing was required or optional, the Engineer may order removal of any 

or a 11 of the concrete in the lot or if, the materi a 1 is a 11 owed to remain 

.J;. 

\ 
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Schedules A and B: BID PRICE ADJUSTMEN'f SCHEDULES FOR CLASS B CQNCRETE lN DECK SLAB$ 

Schedule A!-
Machi.ne. finishing Reguir:ed 

Subschedule Al: 
. Decks Bid ·;n the 
One Year Period, X toY· . 

Measured 
Lot 

· Percent· 
Oefec_tive 
Length 

8.9% 
or less 

9.0-13.9 

,14.0-24.9 

. Pay 
Factor 

l .,O 

0.99 

0.93 

Subschedule A2: 
Decks Bid 

Subsequent.to 
· . Date. Y· · 

Measured 
Lot 

Percent 
De.fective 
Length 

6.0% 
or less 

6.1-8.9 

9~0-13.9 

14.0-24.9 

Pay 
Fact9r 

1.0 

0.99 · 

·0.975 

0.93 

SChedule B; . . . .. 
· ·· M9chine Finis~ing Opti.onal tr . 

.Subschedule Bl: 
Machjn~finfshing 
.Selected for Use' .· 

. ·.· Subschedul e B2: · 
Manual f:i ni shing 
Selected for Use 
by the Contractor py tpe Cpntractor 

Measured 
Lot 

Percent 
Defective 
Length 

13.9% 
or less 

14.0-24.9 

LO 

0.93 

.··. · , Measured 
·tot 
Percent 

Defective·· 
"'ength 

19. 9Jt c>:r · 1ess 
· , 2Q~0-27.0 · 

· 27.1-J4.9 

*The provisions of this sch~dule ar~ ii'ldeperid~rnt 
of project bid date. · ·. 

I 
N :t 
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in place, computation of the adjusted unit price will be based upon a 

pay factor of 0.85. If the Lot Percent Defective Length of a manually 

struck and finished deck slab is 35.0 percent or more, the Engineer may 

· order removal of any or ·an of the concrete in •the lot or if the material 

is allowed to remain in place, computation of the adjusted unit price 
· wi 11 be based upon a, pay factor of o. 85. 

1. 3 Cessation of Deck Concreting: The Engineer reserves the right 
. . 

to reject methods or equipment which do not result in substantial conformity 
· with a 1/8 inch in 10 feet surface tolerance. ln tMs context, a cteck 

will be considered in substantial conformity with the required surface 

tolerance only if the Lot Percent Defective Length does not exceed the 

value corresponding to a l~O pay factor in the appropriate Schedule A or B. 

ln no case shall the Contractor be permitted to immediately 

initiate further project deck pours if the Lot Percent Defective Length. 

equals or exceeds 20.0percent on any machine finished deck slab or 35.0 

percent on anymanually struck and finished deck. · If these limitations 

be exceeded, the particular placement and finishing operations involved 

shal 1 be discontinued until other methods or equipment are proposed for 

trial by the Contractor, submitted in writing to the Engineer, and 

approved. Approval of this revised plan of operations will not relieve 

the Contractor of the r¢sponsibility for the satisfactory performance of 
his revised·methods··•·or equipment . 

. The Contractor win not be granted addi ti Ona l compensation' 

extension of time, or other concession because.of the required execution i . . . 

and approval of'arevised pla~ of operations. 
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1.4 Surface Remedial Measures: Regardless of the overall 
,. :, • ,1 

smoothness conformity of a! '1ot of bridge deck concrete, if surface 
i -

' i 

deviations,have a detrimental effect on deck drainage or reinforcement ' ,. i 

' ' 

steel c:over; the Engineer may require the Contractor to un,dertake appropriate 

remedial measures to restore any or all of the deck slab surface to the 
' ' 

required qrades ,,and surface tolerance. When such remedial procedures . .. -.. .. I 
, I 

are ordered by the Enginee~, the Contractor shall submit in writing, 
. , I . 

for approval,by the Engine~rand the Bureau of Structural Design, a 

proposa 1 setting forth the/ intended limits of the surf ace restoration 

and a, compl~t,'descriptioni of the methods~ equioment, and materials 

proposed for uie, 

Following satifsfactory completion of the approved surface 
1, 

restoration measures to tHe bridge s,lab, the entire lot containing the 
, , I , 

affected area shall be retested for smoothness, acceptance. , The resulting 

measurement of Lot Percent Defectiv 1e Lenqth is to be used to determine 
' • . • -, l .., • 

i· 
a revised oay factor fromJthe appropriate Schedule A or B. The revised . ' ' 

i 

pay factor indicated fromithis retesting or a pay factor of 0.975, 
i'' 

whicheVer is smaller, shan be used to determine the adjusted unit price 

for the affected lot. 
, I 

The entire wotk of planning and executing surface i .· 
. restoration5, including a~l materialss labor~ equipment~ and all else 

necessary therefor and incidehtal thereto, shall be considered part of 
i 

the work of concrete deck; slab construction. The Contractor w'i 11 not 
I 

be granted additional com'pensation, extension of time, or'other concession 
' 
I for any surface restorati!ons oridered by the Engineer. 

. I 

i 
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