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'ABSTRACT

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

Determinations of relative roughness were made with a BPR—type roughometer
and a 10-foot rolling straightedge. The output of the roughometer is

~ evaluated using the FHWA adjective rating system and, to a limited extent,

in terms of the AASHO Road Test "Present Serviceability Concept". The
latter (PSI) criteria appears to have little applicability to New Jersey
conditions. Rolling straightedge data is evaluated by means of criteria
developed from observed correlations between the rideability indicated
by the roughometer and the severity and extent of surface 1rregu1ar1t1es.

According to the FHNA criteria, the average new bi tuminous pavement
surveyed during this study possessed only a “Fair" level of riding quality.

- However, there is a significant and encouraging trend for more recent

bituminous construction to be of improved smoothness. Described improvements
in the specified equipment, methods of construction, and payment method
appear to be the major causal factors.,

The average new concrete pavement was found to possess an even lower Tevel
of rideability. An FHWA adjective rating of "Fair to Poor" is indicated

for typical New Jersey concrete construction. This result. represents a

general reduction in quality level compared to work accomplished in earlier
periods in New Jersey. In spite of considerable experimentation with
construction methods and equipment (including slip- form1ng), significant
rideability improvements in pavements of New Jersey's present standard
design appear unachievab]e without a return to long- -past standards of
workmanship

o

-The roughness data obtained on New Jersey bridge decks confirms the

beneficial effect of 'using mechanical rather than manual methods for concrete

~strike-off and finishing. Recent specification changes--including provisions

which require use of mechanized deck finishing equipment on the majority of
future projects--can be expected to effect an overal! improvement in New
Jersey bridge rideability. S

_ New Jersey s current "zero" stra1ghtedge defect smoothness specif1cat1on is -
--unrealistic and unenforceable. New surface smoothness specifications have
 been developed for New Jersey. These require acceptance testing of pavements

and bridges with a rolling straightedge to determine the percentage of the
surface length exceeding a tolerance of 1/8 inch in 10 feet. A graduated
schedule of payment reductions is proposed when a non- compIiant level of
riding quality is 1ndicated R
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© IMPLEMENTATION STATEMENT

~The r6ughness intormation deve]oped during the'course ofuthis."

research has prov1ded the New Jersey Department of Transportation with

documentation of the need for and gu1dance as to methods of ach1ev1ng

1mproved rideabi1ity A number of 1mprovements effected 1n the areas of

" New Jersey bridge deck f1n1shing and b1tum1nous pavement equ1pment and
construction methods are‘described in the report Much of the impetus

‘for these improvements was prov1ded by. the 1n1t1a1 f1nd1ngs of th1s

study

The 1mp1ementat1on of the research findlngs can be completed by

'.adopting the br1dge deck and pavement smoothness acceptance spec1f1cat10ns

,drecommended in the report
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PART I: INTRODUCTION

1.1 RESEARCH OBJECTIVES

' vThe principal dbjectives in’undertaking the present nesearcn‘}
were | e | o
. to deve]op an 1ndex of rid1ng qua11ty for recently constructed
New Jersey pavement and bridges u51ng a BPR -type roughometer,
. to 1dent1fy the sources of roughness on the measured surfaces and
. to 1nvestigate the des1rab111ty and feas1b111ty of adopt1ng

r1d1ng quality acceptance spec1f1cat1ons

1.2 BACKGROUND )
The majdr,stimulustfor initiating a statewide study'of riding,"‘
quality was the findings of New Jersey'pavement rcughness surveys made
in 1962 and 1963 using the Federal Highway Administration (FHWA) prototype
roughbmeter. ~This sampling indicated that a general impnovement over the
then current level of rideability of new construction projectsfwac needed,
particularly With'regard to‘bitumineus pavements and bridge decks. |
Mofe}specifica]]y; according to roughness evaluation criteria
developed by the FHWA, the surveyed bituminous pavements were generally
considered tc be of "Fair" riding quality. In the case of the 1962.
testing, the sampled.NewnJensey bituminous pavements‘were characterized by

an average of from 10 to 60 percent greater relative roughness than



flexible pavements surveyed in three* other northeastern states during
the same period. While the tested concrete pavemenfs of the early
1960's generai]y merited a "Good" roughness rating, improvement was
felt to be possible since old concrete pavements testéd at thé same
time in certain cases exhibited equiva]enf or significantly 1owér
roughness levels after 15 or more years service. The'11mited;samp1e
of bridge decks te;ted in 1963 indicated theat these surfaces‘were of
“Very Poor" riding quality. =~ : | }

In the fall of 1967, the Department's Division of Reséarch
purchaéed a BPR-type roughometer. After acquiring the roughometer,
approximate]y.Six months were speht in Making fami]iarization!runs,
in comparing the outpuf of the New Jer;ey device%to that of oﬁher

roughometers, and in collecting data oh bituminous overlays. In

mid-1968, data collection began on the projects described in this
1

!

report: new construction on new alignment.
i |

As a complement to deterﬁinations 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
this straightedgﬁé; was to provide a smal]ef scale, more readily inter-
pretable indication of the surface characteristiqsvand sources of roughness
on the measured surfaces than that provided by the roughometeﬁ. A second

equally important objective was to determine the potential of the straightedge
\ ‘

as a construction control/acceptance device in this State. ]

*Massachusetts, New Hampshire and Vermont



| PART II: ~ ROUGHNESS MEASUREMENT’EQUIPMENT AND TEST METHODOLOGY

2.1 ROUGHOMETER

2;1,1  Nature of the DéVicei As shown in Figure 1;'£hevroughometer
consists of a test wheel mounted on a rectangular towing frame thru

two single-leaf springsiand cy1indr1ta1 dampingfdevices. As the
roughometer is towed a]ong the'roadWay at a standafd spéed of 20 mph,
the test whee1}def1ectslwith respect to the towing frame in proportion
to the roughness of therbad‘ vThe'amouht‘of'differehtial movement
betwee  the test wheel and the high-mass frame ié'automatica]fy measured
by électrohic equipment%and‘reportéd as the "Rbughneés Index" (RI) in

inches |per mile.

FIGURE 1.,1The New Jersey Rodghqméter



2.1.2 Genera1 Testing Procedures: As proaect condit1ons perm1tted,

roughness determ1nat1ons were made on a]l 1anes and whee1paths for the
entire 1ength‘of the paving proaects selected for study. _A']arge.samp]e
sfie is partitu1ar1y‘desirable.invco]]écting-roughOmeter data since a
wide range of“roughness,levels is usually encounteredon individual
projects*. » , | N
| ~The Roughness Index'reported for‘each\project is the average of

the RI's obtained for each one-fourth mile increment of paVement,ﬁwith,

.an individual roughness value being the average Of.at.]eastbtwo:COnsecen

utive measurements.
“When "pavement“ roughness is described, the roughness of any
included bridges has either been (proport1ona11y) corrected for or

eliminated from the averag1ng process

2.1.3 ‘EvaluationfCriteria:h

FHWA Adjective Rating SyStem Perhaps the most w1de1y app11ed

‘ cr1ter1a for eva]uatlng roughometer output, and that g1ven emphas1s in

the present report, was deve]oped by the Federa1,H1ghway Adm1ntstrat1on.
The FHNA qualitative'rating'system evo1Ved from an analysis of the‘1eVe1

of r1d1ng qua]ity actua]ly ach1eved 1n4pract1ce, based on a samp11ng of

580 miles of new rura] Interstate construct1on 1n 17 states

The adJect1ve ratings corresponding to part1cu1ar roughness levels

' for new pavements des1gned for the above serv1ce are presented in Tab1e 1.

*The mean range of roughness observed on 1nd1v1dua1 New Jersey paving
projects is 62 inches/mile on concrete and 46 1nches/m11e on b1tum1nous
projects. .

Ay

o



- Table 1. FHwA Roughness Evaluat1on Cn1ter1a

Roughness Index (Inches Per M11e) el
- : —==={ Adjective
B1tum1nous LR C0ncrete k- Rating
Pavement . '} Pavement.' o Telh
’below 54 f-h_«yv ‘be1ow 67 'j»%. 0utstand1ng{,”
5466 | 6781 | Excellent
682 | . 899 | cod
Coe-t02 | 994121 | Fair
Above 102 | mpove 121 | Poor

.-

At ]east 20 states have conducted pavement evaiuat1ons us1ng

‘a roughometer and, 1n a number of cases, have emp]oyed d1fferent rat1ng

| criteria than that promu]gated by the: FHWA Th1s use of 1nd1v1dual1zed.r'

".roughness eva]uatwon gu1de11nes 1s a: ref]ect1on of the fact that
d1fferences in the output of var1ous roughometer models exist .as we11
rv as d1fferences “in the preva11ing 1eve1 of r1d1ng qua]ity However,-'
“while the use of the FHwA gu1de11nes is not completely standard1zed
'vresponses to a questlonna1re 1nd1cate that when a1ternate cr1ter1a
are emp]oyed they are genera]]y patterned after that of the FHwA
“As an example, Table 2 shows the FHWA crhter1a compared to gu1de11nes |
,whlch have been used in eva]uat1ng concrete pavement 1n several states

- The pr1nc1pa1 mod1f1cat1ons made by the states shown 1n th1s samp1e

are the comb1nation of the FHWA s "Outstandlng"-and “Excel]ent“ rat1ngs

into a s1ngle "very smooth“'category (less than 80 1nches/m11e) and
E the occas1ona1 add1t1on of a very rough" category Each of these |
"states uses essent1a11y the same cutpoff po1nt between a "Fa1r" and :

~ "Poor" r1d1ng qua11ty pavement 120 to 125 1nches/m11e



-7TMmE2r

Comparison of Roughness Evaluatlon
Guldellnes from Various: Agenc1es
(Concrete Pavement)

States A and B

State C

_ State D%

" -State E

lFHWA o

‘vRihe "'f: Rating

Ratlng

AjRI’;~h'" Ratlng

RI - Ra‘ting- Cr

<67

| 6781
199 | Good
2 e99;12i'» Fair o

ff;> 121 | ‘fp¢o; '

. Exeellentg

' Outstandlng,,.

<75
75-90 -
©90-125 |

| 125-170.

1i7o;é20"

:V;>Sﬁ60tﬁ' .
~ Smooth

Si,QRougﬁe

Rough

V Rough._

&80
80-100
£100-120 }

>120

V. Good.
.‘GQOdg
:1~Fairki‘

Rough

-~ 80-95
95110 |

110-120

 Good

_:’512@ .mPoei,s7

| Bxcellent | <80

| v. Good | 80-100

Fair '125*160

100-125

:> 1601f1

_Vt”Sﬁoch__:

. Smooth

_Acceptable |

Rough

V. Rough

rf’*USed‘for'both«bitqminOus.and‘concreteg*state D isuthusqlessZCritieel;in

»!**SYStemjusedsin‘Che‘196078:'$tate E presently employs FHWA criteria.

4

W

:féting“bitUﬁinous-paVemeh;;théﬁ;;héfFHWA.f:




Pavement Serv1ceab111ty - Performance Concept Whiie the FHWA‘v»

adJective rating system 1s the principai yardstick emp]oyed to gauge
the- quality 1eve1 of pavements described 1n this work, 1t 1s important

" to note that the re]evance of roughometer data fundamentaiiy accrues |
_from the proven abiiity of such data. to measure user 0p1n10ﬁ In this‘
regard the estimate of user opinion provmded by roughness measurements
is the maJor factor in determining pavement performance thru applicatipn

of the "Pavement SerV1ceability = Performance" concept1 deveioped at the

~ AASHO Road Test

" The pavement serViceabiiity concept is 1n essence a statement oiﬁv,
“the prop051tion that the degree of acceptabiiity of a given pavement
shou]d be based on the opinion of the road user. The}findingjwhich‘
permitted»application of the serv1ceability_concept was-the.discovery :
~ that the. subjective judgement of avrepresentative cross-seCtion of road
‘users could be . close]y estimated through the use of equations statisticaiiy‘
‘,developed from phy51ca1 measurements of pavement characteristics inc1uding,,'
wheelpath roughness | | - | o |
| ‘In the practice of developing serviceability equations at the.
1111n01s test and in a subsequent 1arge sca]e satellite study at Purdue

, Universityz. paneis of Judges cons1st1ng of highway profe551onais and

S laymen rode the se]ected roads and rated them on a sca]e of 0 to 5, 1n

order ofgincrea51ng acceptabi]ity,~ The panel ratingtwaslthen correiated

with significantpphySicallpavementacharacteristicswin'a‘regreSSiOni

i

]Carey, w N. Jr. and Irick P. E "The Pavement Serviceabiiity - Performance -
. Concept", HRB Builetin 250, pp. 40- 58 (1960) , .

32Yoder,.E J. and Milhous, R T. “Comparison of Differert Methods of
Measurihg Pavement Condition", NCHRP Report 7 (1964) v



,ma1ntenance dec1s1ons 1n New Jersey

N

- 'edUatIOn_ofsthe_generaI‘formp'

; R i T e . S
o PI=G -G R -G R -G Fy  (Equation 1)
Where - PSI = Present Serv1ceab111ty Index = estimate of mean’:
- “¢. . user opinion on a scale of 0 to 5.as to the
. ability of a specific section of pavement to:
"~ serve high-speed, high-volume, m1xed traff1c I
. _at the time of the evaluation. B
_C = coefficients l j
= measured factors of pavement roughness,'crack1ng

~and . patch1ng, and rutt1nq o

Once an 1n1t1a1 serv1ceab111ty 1ndex 1s determ1ned for a q1ven
pavement the performance of that pavement is then deflned in terms of
the decrease 1n PSI w1th 1ncreasinq Ioad app11cat1ons S1mp1y stated

then the PSI measure of pavement performance 1s based on a history of

'the est1mated op1n1on of h1ghway users . as to ‘the. Ieve] of serv1ce provwded .

|
The obJect1ve 1nformat1on as to the cond1t1on and est1mated
i
rema1n1ng serv1ce Ilfe of pavements obta1nab1e thru app11cat1on of the

"present serv1ceab111ty concept has been used- by numerous states to

"compare a]ternate pavement des1gns and to ass1st 1n programmlng rehab111ta-

t1on work As an adJunct to descr1pt1ve rat1ngs of New Jersey pavement

roughness data made us1ng the FHNA gu1deI1nes, thls data is also discussed

nsto a I1m1ted extent in terms of Present Serv1ceab111ty equ1va1ents

Such d1scu551on pr1nc1pa11y centers on the fundamenta] app11cab111ty

‘(or Iack of app11cab111ty) of the serv1ceab111ty concept to deswgn and



' Un11ke the . FHWA cr1ter1a for new Interstate constructwon,
a user rattng resu1t1ng from app]1cat1on of the PSI concept w1]1 not
spec1f1ca1]y ref]ect on the age or class of serv1ce prevvded It thus

’ m1ght be expected that, g1ven a part1cu1ar 1eve1 of roughness, a

o pavement will be rated less severe]y accord1ng to. the PSI system

‘rather than the FHwA system T0>ln§ugg;that New-Jersey data~1s
,Ag1ven the appropr1ate 1nterpretat1on 1n terms of PSI, 1t would be -

| necessary to conduct a stat1st1cal study to determ1ne a untque equat1on
 'ref1ecting our part1cu1ar equ1pment and 1oca1 cond1t1ons or to conduct
'van in- depth corre]at1on w1th equ1pment for wh1ch a PSI equ1va]ency has
,been deve?oped As an a!ternate to these measures equat1ons 2 and 3

~ have been adopted for this work " These equatwons -- subsequent]y v
'nreferred to‘as the "Gu1de11nes"equat10ns -- are genera]12ed3formu1as
d-resu]tlng from expervence w1th e1ght BPR type roughometers over a - -

'f'cons1derab]e number of test sect1ons at the AASHO and Purdue test swtes

: Concrete Pavement

~psT = 11.10 - 3.67 ]og RI - .09 or: P (Equatton;z)

B1tuminous Pavement

PSI = 11. 29 RY . Tog ¥ R 5 .01 JC ¥ P Y 23RD2 (Equat1on 3)

"Where: o

PSI = Present Serv1ceab111ty Index (d1mens1on1ess)»:“
RI = Roughness Index, inches per mile = .
€ = Linear feet of cracking per 1000 square feet .
P = Square feet of patching per 1000- square feet '
- RD = .

Average rut depth, inches:

31r1ck P. E. and Hudson W. R "Gulde11nes for Sate111te Studies of '
Pavement Performance", NCHRP Report 2A Append1x D (1964) -
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The new pavements cons1dered in th1s studv had neg11q1bTe‘

‘ {
i

crack1ng, patchlng and rutt1ng at the time of the roughometer surveys.

vThus, 1n1t1a1 PSI va]ues are - ca]cu]ated solely on the basis of the

observed roughness index. In th1s connection, it should be noted that’
in using the described PSI equations to estimate user opinion‘at’ggx_f
: v ) | :

particular time, thefpredominant weight is given to the surface roughness

factor. For example, on a rigid'pavement_the'indicated maximum influence

of cracking and patching is only 0.13 units on the 5 unit PST 'scale.
Similarly, thefmaximum reduction in’PSI for a bituminous'pavement having
an average rut depth of as much as 1/2 1nch is on1y 0. 32 units.

| The term1nal serv1ceab1]1ty 1eve1 -- that 1s, the lowest
serviCEab1]1ty level that will be tolerated‘before resurfac1ng or

I
reconstruct1on ‘becomes - necessary -- 1s generally accepted to he a. va]ue

of 2.5 for major mqhways4 This criterion for resurfac1ng corresponds‘

to a (m1d—range) “Favr user rating accord1ng to the eva]uat1on system

used at the AASHO Road Test. A minimum acceptable value for the initial
serviceabi]itybef new construetion fs‘not, hbwever, as -well eetablished.
The FHWA has‘QUQgested that a borderiine “Fain/Good“ according to their
rating system constitutes an “Aeceptab1e” as-constructed eerviceability
Tevel. This would appear reasonable inasmuch as three-fourths of the
new pavement included in the FHwA;s multi-state roughemeter survey

equalled or»exceeded this rating level. Us1nq equat1ons 2 and 3 the

- PST. equivalents of this "Fa1r/Good“ squested m1n1mum rating are

3.7 and 3.3, respectwvely, on concrete and bltumlnous pavement.

|

4"AASHO Interim Guide for Design of Pavement Structures", pp. 5-6 (1972)

N

&)
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2 1. 4 Output Variation of the New Jersey Roughometer A discu551on

’;of the output variation of the New Jersey roughometer and attendant o
‘j 1mp]1cations on the reliability of the roughness data obtained is t' :
presented in some detail in Appehdix A The appended discu551on is
vsummarized here for the reader 1nterested only in a genera] understandihg
' rof output variability ' o | B |
| - To determine the extent to which the overa11 output of the ;'
' _New Jersey roughometer agrees with that of BPR type devices from other
-:agenc1es actua] comparison runs have been made with other roughometers°
i”hAt various times, New Jersey roughometer readings for spec1f1c sectiohs
of pavement have been compared to readinqs obtained at the ‘same time by
the BPR Mary]and North Caroiina and New York roughometer mode]s

These comparison tests 1nd1cated that the output of the various deVices‘e —

- was in reasonable accord when differences in: roughometer output were

observed 1n these comparisons they general]y were in the direction of
an - underestimate (1 e. 1ow readings) by the New Jersey dev1ce
~To determine whether con51stent readings were obtained during

ithe course of - the work periodic test runs were made on contro] sections

3 estab]ished on three pavements 1ocated near Trenton As a result of .
_houriy, daily and seasona] trends observed on these sites, 1t is believed
s“that dup]icate readings made with the New Jersey roughometer at a
| particular time during this study might general]v be expected to vary N

~ from a representative centra1 value resuiting from numerous runs on the
'ipavement under study by a maximum of about 6% on bituminous pavements

1

and by about ¥ 8% on concrete N
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As w11l be descr1bed a s1gn1f1cant correlat1on was observed

to ex1st between the roughometer and rolling stra1ghtedqe data col]ected

»1n this work. Thus, compar1son of the data output from the two dev1ces

'provided'a rec1proca1 "reasonab]eness ‘check. _'?j- ' o &

2.1.5 Prob]ems Assoc1ated w1th the New’ Jersey Roughometer Wh11edthe

‘New Jersey roughometer has provwded useful, reasonab1y re11ab]e roughness
' .1nformat1on” cons1derab1e d1ff1cu1ty-was encountered 1n keep1nq the |
. device operable at certa1n stages of the work. For var1ous reasons, the

'equ1pment was unava11ab1e for a port1on of 1969 for most of 1971 and

|
the_ent1re year 1972; The ear11est problems encountered were of a

‘relatively routine, but nonethe]ess t1me-consum1ng nature (i.e. replacement

of faulty gears;,springs, electrical and mechanical cables, mjnor‘electrical

. - ‘ v b .
components ‘etc). The 1ater,fmore'1engthy periods'of downtime were associated

with ewther the replacement of maJor mechan1ca1 or electrical components .
(e.g. 1nverter,’damp1ng assemb]y) or involved cons1derab1e-troubleshoot1ng. '

As~a“consequence, the roughness ot certain'of'the 1ater studied

' proaects was gauged by measurements made’ w1th the BPR prototype roughometer --

1oaned ‘to the Department for severa1 weeks 1n 1972 =~ or by straightedge

'measurements a]one

i o To prov1de back -up for the roughometer in any. future riding
quality stud1es, the Department has made»arrangements to purchase»a "Mays
Ride Meter". While the basic operation of this device is similar to the
roughometer,'it differs\from,the‘latter principa11y in;that'the'rOughness
detection-apparatusiis‘contaﬁned in aﬂpassenger'vehic1e rather than in

a towed trailer, with the indﬁcated roughness'being»based on relative



v flfmot1on between the car axTe and chassvs ATso test speeds more cToseTy

;t;:fresemb11ng actual h1ghway speeds can be empToyed (40 or 50 mph versus

20 mph) In the Mays Meter roughness 1ndex 1s determ1ned by measur1ng
the length of a paper record dep1ct1ng 1nd1v1duaT axTe excursions

,rather than from‘an:eTectronjc d1sp]ay of roughness  count.

fl2 2 ROLLING STRAIGHTEDGE

'2 2. 1 Nature of the Dev1ce The r0111ng stra1ghtedge used - in New Jersey

cons1sts of a TO foot aTum1num beam that ro]]s on hard rubber wheels and
”suspendS'an 1nd1cator whee] at'1ts-m1dp01nt (F1gures 2 and 3) As the
stra1ghtedge 1s pushed aTong the roadway, surface 1rreqular1t1es are v' |
transm1tted from the 1nd1cator wheeT to an enTarqed scale which 1nd1cates
the magni tude of the dev1at1on (0 to 1/2" 1n 1/8" 1ncrements) and its
nature (i. e., bump or depress1on) : The Tength of the dev1at1on exceed1ng
1/8 1nch in ]0 feet is automatica]]y marked on the pavement in red dye

by a cam-act1vated dye reTease mechan1sm*

: 2.2. 2 ObJect1ves and Genera] Test1ng Procedures Straightedoe data_ n
| was coTTected w1th two bas1c obJect1ves 1n m1nd ' The ftrstiwasltohobtain’t
:} data of a more usab]e type and scale than that provided by the. roughometer.
on wh1ch to Judge both the nature of New Jersey pavement roughness and |
. the extent to wh1ch certa1n des1gn features and construct1on practwces
add 1ncrementa1 roughness to the f1nished product The second obJect1ve
. was to determlne the su1tab1]1ty of the roTT1nq stra1ghtedge as a -

construct1on controT and. acceptance dev1ce in th1s state ,“

*The cam- activated dye release is a Research mod1f1cat1on rep]ac1nq a manuaT
‘release furnished by the straightedge vendor.  An automatic marking system
of this type --:standard on certain straightedge brands -- shoqu be specified
if add1t1ona1 stra1ghtedges are purchased by New Jersey

4



FIGURE 2. 10+foot‘R011ing'Straightedge, side view

FIGURE 3. 10-foot Rolling Straightedge, operator's view
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| To some extent these obJectlves over]ap and thus 1end
themse]ves to the same 1nvest1gat1ve techn1que a<roughometer-r0111ng'”
« e o f strawghtedge regre551on ana1y51s For examp]e a corre]at1on between
A the output of the two dev1ces wou1d not on]y prov1de an alternate”
method of charactertz1ng surface roughness, but wou]d a1so y1e1d a
vrationa] bas1s for deve]oplng a rol]tng stralghtedge based acceptanre
spec1f1cat1on . | . :
| To prov1de a common basis for compar1ng data the one- fourth
mile data report1ng unit employed 1n roughometer surveys was adopted h-
for use in col]ecttng stra1ghtedge data o |
’ In se]ect1ng roughometer sect1ons from part1cu1ar projects for
stra1ghtedgtng, a random samp11ng process was ot genera]]y emp]oyed
. | That 1s, sect1ons d1sp1ay1ng extremes 1n roughness were sought rather ;
| 'than sect1ons hav1ng roughness representat1ve of the proaect as- a who1e
- » Thus, care must be exerc1sed in ana]yz1ng th1s stra1ghtedqe data on an
.» ‘>_1nd1v1dua1 prOJect basis ke g. 1n Sjmu]at1ng stralghtedgenbased "
.specif1cations) e L{ AR ,v~h B .
The data recorded for a stra1ghtedge sectlon qenera]]v resulted
:vfrom a s1ng1e test run and 1nc1udes the following 1hformat1on for
indjdeual surface‘defetts;- thevdev1at1on Iength,measured;to the
nearest foot. thedmaXimumﬁvertioa1 eXCursion of the'indicator‘whee1,‘
'1n EIthhS of an inch, h1gh or Tow nature and 1ocat1on
An acceptable 11m1t for strawqhtedge deviations measured on a

- h . proaect -=in fact the format in wh1ch such data shou]d be eva1uated -

is an unsett]ed quest1on, For purposes of ana]ysxs, data for 1nd1v1dua1
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surface defects occurr1ng w1th1n a quarter—m11e are here expressed in

‘.'[,;,terms of three summary statistics: ‘the total number of devxat1ons

s oLl iy T

exceed1nq 1/8" ~the percent defective Tength and the total area of
deviations. S1nce the simple number of straightedge deviations does

not reflect their severity,vthe latter two data presentations are |
emeloyed to take 1nto aceount deviation span}]ehgth ahd span 1ength

and magnitude. respectively. quations 4 and 5 define percent defective

length and deviation area as used in this work.

= Li

lp= —=i— X100 (Equation 4

Ap =s(12L§ X Mi) ~ (Equation 5)

Where: Lp = Defective lTength, %
Lj = Length of an individual deviation>1/8" in 10', feet
Lt = Total‘length tested, feet | |
Ap = Defectime Afea, in2 |

Mj = Magnitude of an individual deviatfon, inches

Application of the percent defective length parameter has the
advantage that test sections of variable lengths (e.g. bridge decks)
can be-compared on a common basis. Since defective area is ce1cu1ated
as a rectanQIe having the mggimgm deViation magnitmde as one side, this
indicetor statistic might generally be expected te yield an overestimate

of actual deviation area.
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2.2, 3 Influence of Stratghtedge Charactertstlcs on Data Output As

wwth many of the var1ous 1nstruments wh1ch have been sat1sfactor11y
‘used to measure pavement roughness,,the ro]11ng stra1ghtedqe has
1nherent 11m1tat1ons or d1sadvantages wh1ch accrue from the des1gn and
: operat1ng character1st1cs of the dev1ce The more 1mportant observed _
"5or reported 11m1tat1ons of the r0111ng stratghtedge are as fo]]ows

Non ex1stent Dev1at1ons Wh11e the ro]11ng stra1ghtedge may

1nd1cate that a spec1fic number of dev1at1ons ex1st on a pavement,r
”‘at is to be rea11zed that certaln of the 1nd1cated dev1atlons may not

_lbe present in rea11ty]0.

-That 1s, -as the stra1ghtedqe passes over a
" bump (or depress1on), it may 1nd1cate the adgacent pavement to be low
(or h1gh) relative to the bump (F1gure 4) | »

Slnce these apparent dev1at10ns dre of lesser magn1tude than
athe actua1 dev1atlon wh1ch they ref]ect they have genera]]y been :
found to be preva]ent;onlyzon rough surfaces.(e.g. b1tum1nous bases,.

brldqe decks) | |
Given that the r0111ng stra1ghtedge m1ght be expected to g1ve R

-an overest1mate* of actua1 surface d1stort1on on a rough surface, 1t

is apparent that supp]ementary measurements would be reou1red to some
extent if correct1ve act1on is contemp]ated In part1cu1ar, 1f gr1nd1ng
of a br1dge deck was be1ng cons1dered add1t1ona1 measurements w1th a

: bStr1ng11ne or ord1nary stra1ght°dge wou]d be necessary. In this connection,

‘:v ‘dev1at1ons wh1ch should be checked in partlcu1ar are those which immediate]y

precede or fo]]ow a longer, h1gher magn1tude dev1at1on of oppos1te (h1qh or

Tow) nature. :

'

T0hyeem, F. N. "Dev1ces for Recordlng and Evaluat1ng Pavement Roughness
HRB Bu]]et1n 264, p. 7 (1960) ; '

© It is to be rea11zed ‘that an ordtnary ten- foot stra1ghtedge if used alone,
may not only give a s1m11ar overest1mate but an erroneous 1nd1cat1on of

dev1atlon magn1tude and hlgh or ]ow nature as we]]
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FIGURE 4. SKETCH SHOWING POSSIBILITY OF MEASURING
NONEXISTENT DEVIATIONS USING ROLLING STRAIGHTEDGE
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Infiuence of Low Magn1tude Deviations: The smaT?est deviation

magnltude measured and marked on the pavement by the New Jersey rolling
stra1ghtedge is 1/8 1nch There are 1nd1cat10ns that sma]len unmarked
surface defects are somet1mes preva!ent on and detract from our pavement
riding qua]ttylt This 1s:ev1denced by the fact that on certain sections
of pavement having a re!ative]y high poughemeter reading, few deviations
of 1/8 dinch ofjmbre werekqbserved, but the straightedge indicator.
7C0nstant1y bounced back&and forth between the 1/8 inch high or low
graduations. | o
| Nhl]e such stra1ghtedge "chatter" has been observed on both
concrete and bituminous pavements, in New' Jersey, th1s effect 15 mone
prevalent on the various (base thru top course) surfaces of flexible
pavements. o | | 2 | o

Th1s small- sca1e unevenness ‘indicated by the stra1ghtedge may
to some extent be a functton of the materials used (i.e. texture) in’
the case of b1tum1nous<b1nder. However, it 1s.be11eved that on f1n1shed
“bituminous and concrete sprfaces, "chatter” is_predominantly a reflection
of undu]ations”introducediby construction methods or:equipment. Texture
does not exp]ain,=f0r exanple witninéproject chatter variations obsenved
where no apparent changes in material occurred. |

One state using a ro111nq ‘straightedge for acceptance testing emp]oys
procedures to minimize the effect of the small asper1t1esrref1ected as
"chatten".t In that state, all rolling straightedge measurements are
supplemented by normal straightedging, inc]uding places where plus to
minus swings of the deviation indicator'arevobserved,A If the differential

movement exceeds 1/8" on a concrete‘pavement, correction by grinding is made.

MEor a discussion of a similar situation observed in another state, see
Hankins, K.D. and Orellana, H. "Development of a Construction Control
Profilograph”, Texas H?ghway Department Researrh Report 49-3F, pp. ]-3
(August 1968).
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Inf]uehce of Deviation Wave Length: Hveem.'0 haS“hoted that it

1s in the nature of any 3- whee]ed roughness measur1ng dev1ce that certa1n

o comb1nat1ons of short wavelength dev1at1ons might not be 1nd1cated For

th1s to occur w1th the New Jersey dev1ce, a s1tuat1on wou]d have to occur
in which the pavement was shaped somewhat like a sine wave of 5 foot
wave]ength. »l | | | |

Whife'it is poésib]exthat sdme such cyclicipattern‘of‘detects
may be present in New Jersey pavements, it is the Writerts opinion that
1onq’waveiehgth‘deviations represent a more probab]e cTasé of defects
which would be detected by the motor1st but not by the stra1qhtedqe

An upper boundary for measured wavelenqth 1s, of ‘course, not unique to

~the rolling stra1ghtedge,

2.2.4 Repeatability of the New Jersey Rolling Straightedge: At various

times during ‘the course of this Study; informal checks were made on the.

accuracy and precision of the New Jersey rolling straiqhtedge Apart

- from frequent checks on the calibration* of the dev1ce 1tse1f accuracy

checks cons1sted of compar1sons of rolling stra1ghtedqe output to

stringline and (norma]),stra1ghtedge measurements. Expected]y, these

~ comparisons fhdicated that_a calibrated'straightedge y1e1ds a valid -

repreéentation of the actual nature of surface defects.

*The first step in the calibration procedure is to mount the straightedqge

in a wooden instrument stand and check for looseness or wear of any part.

A spring-loadedstring line is then passed from the front to back of the
reference beam and across the travel wheels. The actual movement of the
test wheel re1at1ve to thestring line zero and the dye release off/on is

checked against the indicated movement for each division of the "High" side.
- After s]1pp1ng 1/2" shims between the travel wheels and stringline, the

process is repeated for the "Low" side. Any necessary adjustments can
usually be made with small hand too1s S .

L.
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~In 1ate'1972 a series of short and‘1ong-term repeatabiltty
tests were undertaken to quant1fy prev1ous 1nforma1 observat1ons as
~to the precision of the New Jersey ro]ltng stra1ghtedge In the
present work short term" refers to measurements made w1th1n a

'part1cu1ar day or one day apart, wh11e "1ong -term" applies to repeat

. measurements made weeks or months apart

| S1nce short term data minimizes the major sources of var1ab111ty
in the stra1ghtedg1ng process (1 e. errors in ca]1brat1nq tne dev1ce and
Cin fo]]ow1ng,the-same 1ineﬂof travel), the pr1nc1pa1 s1gn1f1cance of
_this type'data»iswin determining the:cagabi1itx‘of‘therro11ing‘straighted§e :
‘ftotpinpointdroughnessron fytgrg_projects,énarticularlv in:an acceptance :
testinq situation. The Tong- term repeatab111ty tests were undertaken
to prov1de some 1ns1ght as to the possible magn1tude of var1ab111ty o
assoc1ated w1th data obta1ned over an extended period, such as that
descr1bed in the present report | ‘
| Based on this repeatab111ty test“ng‘-- the deta1]s of wh1ch are
presented in Append1x B --.severa] cqnc1us1ons appear warranted. The
collected short-term data‘indicates-that the ro]}ing straightedge
~as used in New.Jersey can, within a given day,’provide aeprecise
v-measure,of-the surface characteristics of'pavementS'ranging from
smOOth tovrough More spec1f1ca11y, the observed standard deviations
suggest ‘that measurements resulting from a s1nq1e quarter m11e pass
with the-rolllng stra1ghtedge_w11} vary from the mean va]ue of numerous

. repeat runs”on the subject.sectibn during thevsame;day,Withtn a maximum
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of aboUt.f 2435défects,k 0. 5 percent defect1ve 1ength (equ1valent

to - 6 -7 feet of measured 1ength), and tg square 1nches of defect1ve

'area (equ1va1ent to t 6 feet of 1/8“ dev1at1on) On a re]at1ve bas1s, :

o the short term repeatab111ty of each of the three stra1qhtedge parameters

is approx1mate1y the same ( 6 10% of the mean)

The accuracy of the read1nqs w1th1n a part1cu1ar day ‘and the1r~
subsequent repeatab111ty at a later date are dependent upon factors
wh1ch can genera]]y be controlled by the user,"The,most,1mportant 1n

this regardfisvthe ca1ibration of the device: If the§rp11ithstraighteedge

~is used in a~'critica1 application such’ as aCceptance teSting, ca1ibration

must be checked each test1ng day - If read1ngs on a- part1cu1ar test

- profile 11ne are to be: repeated at a 1ater date, it wou1d appear worthwh11e

to 1ay out guide marks on the: pavement S0 as to minimize" var1ab111ty

‘assoc1ated w1th the stra1ghtedge line of trave] part1cu]ar]y for‘lnterior

1anes and whee]paths

Wh11e 1t 1s d1ff1cu1t to. proport1ona11y ass1gn tota] var1at1on to

'spec1f1c sources, the 1ong -term data co]1ected 1n th1s repeatab111tv

study doeS*1nd1cate:the presencekof'ca]1brat1on errors. When suchv

calibratidnidifferences occurred. they entaiTed a relatively small

decrease in: the prec1s1on w1th wh1ch the stra1ghtedge cou]d detect the

: number and 1ength of dev1at1ons In contrast, ca11brat1on errors
.s1gn1f1cant}y;d1m1n1shed the precws1on of the-more sens1t1ve~defect1ve

: area'parameter Since deviation area is based on the maxwmum magn1tude

encountered 1n a part1cu1ar span a d1fference 1n ca11brat1on suff1c1ent :

to cause: a‘re]at1ve1y sma1] number of m1ssed_or foreshortened defects



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

the number and 1ength statistics and their simplicity of caléu1ati0ﬁ

relative to defective area indicate them to be‘mure 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 dial (1/8"), with the’attuaY

error being on the order of ¥ 1/16".

«23-
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f"PART’III: 'CONCRETE PAVEMENT RIDING QUALITY RESULTS

1

3.0 ROUGHOPETER DATA o ,f o L

3,].1 Average Proaect Roughness Table 3 presents a summary of

roughness data obta1ned on 14 recent]y constructed concrete pav1ng

”proaects. Th1s samp]e compr1ses near]y Zou m11es of roughometer data

(998 quarter-m1]e sect1ons)
The mean Roughne S Index of tnese 1nd1v1dua1 proaects ranges

from 101 to ]54 inches per m11e and averages 122 1ncnes per mile.

' Accord1ng to the FHLA Cr1ter1a, the average 1eve1 of riding qua11ty

’prov1ded on e1ght of “the progects is "Poor" while the rema1n1ng,s1x_'

would be rated as-"Fa1r9;‘,Tne_average 1eve1_of roughness;of the

;yproject.neans (122 inches/mi1e) correspOnds,to a_border1ine_ﬁFair;Poor"

FHWA r1d1ng qualqt/ rating..

In compar1ng 1ndiv1dua1 prOJects, 1t snou1d be noted that tnese
pavements uere surveyed at vary1ng 1nterva1s after open1ng to traffic.

Spec1f1ca]1y, eleven prOJects were surveyed w1th1n four months of n

',openlng, two-w1th1n two years, and one (I-287, GF and 7B) after 49-
;months It m1ght be reasonab1y assumed tnat rougnometer measurements

1obta1ned for 11 of tne prOJects are representat1ve of tno "as- constructed" .

state Two of the pTOJECLS wou‘d be cons1dered new" pavement, but

shoutd have some-tolerance app11ed to the 1ndwcated readings to place

- them on a c0mmonjas-constructed basis..‘The.I~287,prOject should

sprobava'not beLCdnSidered on the same besis-es thefother.projects;



Summary of Roughbmeter‘Daté for;Concreté.Paving Projects

~ Project

No.

Route and Section

Date

-.Surveyed

t2

ty -ty

(Months)

Length
of ~
Project

Length
Surveyed

Roughness Indeg_g

inches/mile)

Range.

Mean

| FiWA Rating |

Initial |
PSI

I»f-BO,lN )

8/72

o 4.1 mi

- 3.0mi.

100-220-

154

POOR .

_3.07

4.2

114

" FAIR

I-295,3B864A

1-295,2L&3A

10/72 |

10/72

2772

_1/72

3.4

2.0

1.5

92-174

90-165 . |.

124

- _POOR

3.55

3.42 |

1-280, 6G

872 |

8/12

A 1.0 -

.,:.,v, - i.,,7,5 R

112-152- |

124,_Wv”ﬂhﬂ

POOR

s |

wr

‘1-280,6L&7E

6/72 |

8/72

1.0

.75

112-132

122

‘POOR

3.44

12/68

12/68

1.3

1.0

96-161 |

139

’POOR

3.24.

NJ 21(FWY),4A

1-295,1R

112/68

10/68

5.9

3.0

90-139

113

. FAIR

- 3.56

2.0

128

1-78,26

10/68

11/68

11/68

1 o11.3* |

2.0

103-158

92-156 |

POOR

POOR -

3.37-

- 3.42

10

11-287,7¢

1-78,2M63E

10/68

7/68

11/68

3.8

3.1

2.0

| 93-144 |

124

112

. FAIR.

3.58

11

I-78,3F

- 12/67

 4/68

4.1

74-150

101

FAIR =~

1 3.74

12

|1-78,36 -

7/66

5/68

22

5.4%

- 76-140

“:107 |

FAIR

3,65

13

1-287,6E

7/66 -

10/68

27

2.4

}108-158

127

" POOR

3.38

14

7/66

4/70

2.0

1.5

119 .

FAIR -

1-287,6F&7B

*includes bitumihous poftioniof’project

45

- AVERAGES

101-147 |

62

122

POOR

3.48

3.45

-2~
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, L ‘ , o .
Unfortunate]y, there is no re]at1onsn1p known to the wr1ter

wn1ch m1gnt be app11ed spec1f1ca11y to New Jersey data to extrapolate
~in- serv1ce roughness read1ngs to an as constructed cond1t1on However,
year]y 1ncreases in roughness for concrete pavements have been reported

12

for other'states For examp]e A]abama reports an average mcreaseE

of 3 1nches per m11e per year, wh11e 4-5 1nches per m11e is cons1dered

13 cond1t1ons In view of the h1gh traff1c

norma]“ for H1chlgan
vo]umes and truck percentages preva111ng in this state, yeanly increases
"at least as h1gh as those reported for other states m1ght be expected
1n New Jersey ‘
To prov1de some 1nformat1on 1n this . regard F1gure 51SdeS the
abso1ute roughness d1fferences observed from resurveyS'of 7§-test |
' .sect1ons se]ected from three progects subaected to 1 1/2 to 3 years of
traff1c. As 1nd1cated m1xed resu]ts were obtalned 1n th1s sma]] resurvey
samp]e The 1-287 progect showed essent1a]1y no change in average
‘roughness (actua]]y a s]1ght 1nd1cated decrease), wh11e the I- 78,/3F and
'2G*|prOJects d1sp1ayed cons1stent 1ncreases averag1ng 6 and 16., 1nches per

m11e per year, respect1ve1y

- 12HoTman, ’F L. ~ "Pavement Roughness and Deflection Stud1es of Alabama
%1ghways“, Alabama H1gh4ay Department Research Report 41, p. 56 (1969)

’]3House1 W. S. "Cumu]at1ve Changes in R1g1d Pavements w1th Age in.
Serv1ce", HRB bu]]et1n 328, p. 22 (IQGL)_ ' v

*Nh11e such was not investigated in th1s work the ]arge roughness
increase observed for the I-78, 2G project may be atypical in that
the influence of pumping is- strongly suggested. - This type distress
was observed even before the progect was opened to traff1c :
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If 1ncreases of 6 inches per year or more are typ1ca1 of New
Jersey rigid pavements, tHe roughness data shown in Tab]e 3 for the
1-78, 3G and 1-287, 6E projects could respect1ve1y be.extrapo]ated to
"Good" and “"Fair" ratings on an as-constructed basie. | :

If,‘a543uggested by the FHUA, a borderline ”Fair/Good“ riding”

quality reting’(RISE 90 inches/mile) constitutes a minimumfacceptable'

value for nev construction, then only two older projects--1-78 Sections

3F and.SG-—would be considered as providing an "acceptable" initial

Tevel of service.

3.1.2 Roughness of Individual Test Sections: while the éverage riding

qUa]ity rating of each of the studied:projects is relatively uniform
at "Fair" orf“PoOr“, Table 3 indicates that within a given project,
considerable variation was generé11y observed between‘the riding'

quality of 1nd1v1dua1 quarter -mile test sect1ons Thus, most of the

projects have some sections which would mer1t a ”Good” or better rat1ng,

(99 or fewer 1nches/m1]e) and all projects have some}secthns of “Poor ,

riding qua]ity On an average basis, the roughness difference between
the highest and 10west rated sections on part1cu1ar prOJects amounts to
G2 inches per mile. K | _

The riding quality dfstributfon'of tﬁe 898 individual test
sections'samb1ed fn‘this'workfis‘shown in Figure 6. ,wheh'the_da;a is
considered on this basfs, a somewhat more‘qptimistic‘View of New Jersey

concrete pavement riding quality prevails, with the "Fair" and “Good"

r1d1ng qua11ty categor1es predom1nat1ng However, less than one-fourth

of the sampled sections sat1sfy the FHHA cr1ter1a for ”acceptab]e

B
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initial serviceabi]ity. The’gdditional‘category (greater than 150
indhes/mfle)“Shown in thé'poor ﬁfding Qua1ity‘zonelis'arbitrary.and
represénts thé Writer's.ohihiqn of "Very Rough" conckete pavement.

While all of the fndicgted dafa represents “pavement” roughness,i
122 of the sections (12%) contafngd one or more bridgeé. ‘A1thoﬁgh the
roughhess of the included bridges.were proportionally eliminated, these;
sections contained bridge approach:and transition S1abs'(Detai1,1,v
Appehdix C*). The roughnessvof these more difficuTtly constructed
sections, containing multiple short slabﬁ, averages 135 inches pef»mi1e‘
("Poor"). The femaining sections--consisting éxc]usfveTy of our nbrmal‘

mainline design--average 119 inches per mile (margina]~“Fair").

3.1.3 Present Serviceability Equivalents bf Roughometer Data: The

,présent sthiceabi]ity index (PSI) equivalents of the project roughness

shown in Table 3 are relatively uniform, rangihg from‘3.07 to 3.74 and
averaging 3.45;‘ Khen the PSI level of these pavehénts‘is considered on
the basis of'ihdividuaT test Sectjohs (Figure 7), séveka1,importanf
points betdme'apparent; o

First, the het 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 within a single (3.0-4.0) PSI
range. If the basis for evaluating the data were the AASHO Road
Test criteria (i.e;, neglecting the fact that the pavements are new,

predominant]y Interstate type construction), a “Good" rating would be

ﬂrindicated'for this PSI range. This pf'coursé is in.contrast to the

*page 225
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FIGURE 7

Hustogram Of Roughometer Data Converted To Present
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‘concept can have on]y marginal app11cab111ty in Wen Jersey That is,

»concrete would provide Tittle guidance in determining meaningful

'assessment via the FHUA cr1ter1a that most of the pavement sect1ons

- e ',Y[ y B I

'Wi>eVa1uated did not prov1de acceptau]e initial serviceability. However,

the 1mportant and»surpr1s1ng point here is not the n1gner qua]ity
rat1ng 1nd1cated by the PSI system, but rather tnat any s1ng]e rat1ng | ’ Y
in the PSI approach cou]d app]y n1form1g to the wide range of concrete o |
pavementvrougnness data co]lected in” this study.

Secondly, and most significant]y—égiven;tﬁe:current'asecthtruEfed
sekviceabi]ifyv1eve1 of our-concrete pavements‘énd thebese of 2.5 a

term1na1 serviceability index--it appears that the present serv1ceab111ty ' :

in determining the performance record of a pavement--def1ned as the

trend in present serv1ceab111ty w1th accumu]ated axle loads (or t1me)--1t ‘
has been ind1cated3 as 1mportant that a serv1ceab1]1ty drop of at

least 1.0 from the initial to terminal PSI be available. Slightly R
Tess than half of the Hew Jersey concrete pavementvserviceability‘data_
would meet this criteria of a one PSI unit differentia]‘if’AASHO's
recommended 2,5 term1na1 PSI were appTied. Thus,}due'to the probable
sTight slope of the PSI curve and attendant limited information as to
the relationship between serviceabiﬂfty and applied loads, épp]ication )

of the present serviceability concept to many sections of New Jersey

performance trends.

&

30p. Cit., p. 14

&
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3.2 ROLLING STRAIGLTEDGE DATA

3.2.1 Nature and Size of the Sample: A total of €8 quarter~mi1e

test sections of known roughness 1ndex have been. surveyed with the
rolling straightedge.\ The‘tested‘sectiphs were seleéted from 12 of the
14‘previous]y listed coﬁcrete paving projéctso' An additional
stfafghtedge sample from two (slip-form) projects notvteSted with the
roughometer was also obtained and will be describedvseparate1y;

A11 of the data subsequehtly-referred to is "raw" data in
that no attempt has been made to eliminate any ref]écted {non-existent)
deviations. To»simp?ify‘the ané]ysis, no distinction between high and
lTow deviations is made. (On the average project, highs constitute
:_about three—fourths of the measured\defects.)

‘The number of defects observed in the concrete pavement
straightedge sample ranged from 4 to 122 and averageu 35 per quarter
‘mile (F1gure 8A)» The calculated defect1ve length ranged from less
than 0.5% to more than 28% and averaged 7.6 percent of fhe tested
]éngth (Figure 85). Thiszaverage percent defective corresponds to 100

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

3.2.2 Patterns of‘DefectQ and Influence of Joint Roughness: Later
sections of fhiS'report pfeseht conventional regression plots illustrating .
specific relationships betwéen the various straightedge parameters and.
“the level of riding quality (Roughhess Index) provided.

| As a first, generalized indication of the surface characteristics
of Hew Jersey concrete, histograms have beeh prepared i?]ustratingkhpw
“the number and severity of sqrface defects'changes with’rnughness Tevels.
Figures 9 andl?O show the ‘average pattern of measured sfraightedge"

defects observed on pavements having roughometer réadings'correspdnding
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PERCENT OF STRAIGTEDGE DATA IN CATEGORY =~ =
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to "Good", "Féir“ and "Poor" rideability respectively. The histogram
for "Good" riding quality is a composite of data co]lécted on 12 sections
from 5 projects; "Fair" fepresents 34 sections from TO projects, and
"Poor" is composed of 22 sections from 10 projects.

Befdre pcheeding with a discusgion of the subject histograms,’
a definition of the "joint" roughness indicated on these figures is
in order.

The extent of defects occurring in the vicinity of transverse
pavement joints was separately recorded so as to determine tie relative
influence of this design feature on overall rougiiness. Wew Jersey and
Mississippi are the enly étates known to employ a pavement design which
exc?usive]y“uses regularly spaced expansion joints* (3/4" wide, spaced
at 78 feet 2 inches). These joints are normally of the formed type, with
extensive hand-work being involved in restoring a smooth finish 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 gide of the joint proper might
be influenced hy joint construcfion practices. Since the rolling
straightedge can indicate a deviation to be offset as much 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 "joint". A schematic

representation of this joint definition is provided in Figure 11.

*AA detail of the liew Jersey expansion joint and photograpns illustrating
the method of construction are contained in Appendix C, Details 2 thru 4
(pages 226-230).
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FIGURE 9
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0bservat1ons as to tne 1nd1cated average patterns of stra1ghtedge :
- dev1at1ons for New Jersey concrete pavements shown 1n F1gures 9 and 10
'iare as fo]]ows.‘ . | |

’: Predomlnant magn1tude and length of devxat1ons The most

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

‘»dev1at1on. Th1s class of dev1at1on aecounts for about two th1rds of

: the total number on “Fa1r" and "Poor"drated pavements and threeafourtns

1of the tota] on ”Good" r1d1ng surfaces.v | |
Expected1y, when the 1argcr magn1tude dev1at1ons occur,

. they are accompan1ed by ah increase in length |

Defect rat1os As‘m1ght be ant1c1pated. YOWer-rated paVementsf

show an 1ncreas1ng number of dev1at1ons of all magh1tudes. FOr T/”
inch dev1at1ons, the rat1o of the average number of defects on Good _
_Falr Poor r1d1ng qua11ty pavements is about 1: 1.5:3 { In terms of the
average tota] 1ength of dev1at1ons this rat1o becomes 1 2 e |

| Wh11e an. acceptab]e r1de is compat1b1e w1tn some 11m1ted number
,of 1/8 1nch dev1at1ons 1/4 1nch or greater magn1tudes apparently have
an. 1nord1nate effect on- r1d1ng qua11ty and- shou]d be severe1y restricted.

: Re]ative 1nf1uence of Jo1nt roughness Based on the sever1ty

g;and extent of stra1ghtedge dev1at1ons, several trends are apparent with
}regard to the overa]] contr1butnon of Jo1nt roughness.gf‘ " |
| F1rst on the smoother pavements, a substant1a1‘port10n of tne
77'surface roughness is - due to the joint construct1on pract1ces, Jo1nt ‘

- dev1at1ons account1ng for. about 3J and 4J percent of the total number

t
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- of defects on "Fa1r" and "Good" riding quality pavements respectlvely.-

‘On a rough pavement joint dev1at1ons contr1bute re]at1ve1y less

“of roughness occurr1ng at JO1ntS does vary and 111ustrate a trend, it

'the joint roughness contr1but1on for about two th1rds of the straightedge |

: test sections falls in the 30 to oO percent range On an average bas1s,'

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

deviations make a 1arger're1ative contribution to roughness index, it

detracts even more from r1d1ng qua11ty than the s1mp1e proport1on of

(25- 30 ), most of the surface defects thus being assoc1ated w1th the
construct1on ofEthe slab proper.».There thus -is a general trend for | »
joint roughness'to represent a htgher proporttonate share'df overal1 :
roughness u1th 1ncreased pavement smoothness ‘ |

It is 1nportant to note, however, that wh11e the percentage

is also somewhat centra11zed about a constant va]ue Spec1f1ca11y,

about 40 percent of all defects are assoc1ated with the portion of the

B pavement in the vicinity of Jo1nts : o T ;' - - -

A second even more significant trend concerns the s ever1tx of
joint related defects. For pavements of each roughness category, an
inCrease 1n»the 1engthgor_magnitude of defects is generé11y associated
with an increaselin the relative contribntion of theljoints} Thos, .

for example, an average of half of all 1/4 inch'and two-thirds of the

can in turn be expected that roughness in the v1c1n1ty of Jo1nts '

tota1 defects wh1ch they represent



i
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A]ternate statements concern1ng the “nfluence of Jo1nt roughness'
- can be - formu]ated by cons1der1no the re]at1ve 1engtu of pavement over
wh1cn Jo1nt defectSvare‘o1str1outed As previously: def1ned the tota]
lengtn of Jo1nt 1nf1uence for Hew: Jersey s 78 foot s]ab 1s 13 feet :
Thus, if the smoothness qua11ty in the vicinity of the_301nts anc:ulthin
the slab itself were equa]' only 16. 7 percent of the*measured defects
l uould OCCur at»the joints- hovever, since Jo1nts contr1bute an average
of about 4u oercent of: tota] dev1at1ons, dev1at1ons of all magn1tudes |
are more than twice as ccmmon (1 e. 40/16 7) in tne 13 feet surround1ng
the expans1on Jo1nt as compared to an/ equa] ]ength w1tn1n the slab.
On this same,haSTS, 1/4-and 3/8 1nc1;dev1atwons occur 3 and 4 t1mes i
more frequently at the joint.r - "~."'7 Lo ] i o B _t, )
Apart from the1r number and general]y greater sever1ty, surface
1rregu1ar1t1es 1n the v1c1n1ty of Jo1nts can be expected to exert a
| further negat1ve 1nf1uence on - user- op1n1on Lecause of the. r egu]ar1tx
rof the1r occurence rhe Poad Research Laboratory]7, for exampYe, has
: noted tnat rhjthm1c roughness of a re1at1ve1y sma11 amount (1/16 to ]/4
1nch) is the most obgect1onab1e type of. roughness on hwgh speed roads. =
Uh11e roughness 1ntroduced durung the construct1on of expans1on
Jo1nts is of course not the on]y prob]em in prov1d1ng more r1deab1e
concrete pavements in th1s State, Jo1nt roughness does account for a
vgs1gn1f1cant port1on of the roughness of the present cata samp]e and

thus prOV1des poss1b1y the s1ng]e most prom151ng area for 1mprovement

Tipkham R. H. I '"The R1d1ng Qua11ty of Concrete Roads“, Road
Pesearcn Technlca1 Paper 60 (]963)



i@LLING STRAIGHTEDGE CORRtLATION :

E ROUQ@D ETER=

- 3.3.1 ObJect1ves and a dote on otat1st1cs The preced1ng sect1on of

V'the report 1nd1cated that: there is- a def1n1te trend for decreased "

!“pavement r1deab111ty to be assoc1ated with an 1ncreas1ng number and

”severity of-measured stra1ghtedge defects The fo]]ow1ng compar1sons”f”

of rougnometer and ro111ng stra1ghtedge data for 1nd1v1dua1 test

‘ sect1ons are princ1pa11y des1gned to. better de11neate these ‘trends and

,1n partlcular, to determine - what const1tutes an ”acceptab]e" 1eve1 of-

stra1ghtedge dev1at1ons measured on. a proJect

Stat1st1ca1 corre]at1on or. regress1on techn1ques were used to :

formu]ate mathemat1ca1 express1ons re]at1ng the output of the ro1]1ng

h stra1ghtedge and the roughometer In assess1ng tne strength of these

'-.re1at1onsh1ps, var1ous stat1st1ca1 yardst1cks have been’ emp]oyed The

fo]]ow1ng is a veny br1ef descr1pt1on of the genera] and pa\r‘twular‘]4

: stat1st1ca1 standards app11ed to the present data:

:Ca]cu]at1on of the Tinear corre]at1on coefficient (r) and. comparison
~to conventionally used standards gives a qualitative measure of the

degree of re]at1onsn1p between two var1ab es.. The:standards applied
, here11 arc ST

Corre]at1on ‘”hiu j‘7‘ o ARelatienshiﬁ

- Coefficient = -+ Demonstrated
1400 4?Perfect :
0.9 Very Good o

0.8 - Good T
0.7 ~ Fair-
0.6 IR i ‘Poor: -
~0.50r less ~ . . Very Poor

14Pughes, C. S. et al, "App11cat10h of Some Stat1st1ca] Techn1ques to

Experiments in H1ghway Engineering;" Virginia Council of Highway
Invest1gat1on and Research (Rougn Draft February 1964) T o

R e

pETmsESy
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In contrast to the correlation 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 ervor of '
estimate is used 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 of the fact
that actual future values of roughness index will be the predicted

value (i.e. the value from the best-fit line) within a tolerance of + Syx
in about 08% 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, "Do I have enough data to say that

the observed relationship between variables is not due to chance?" For -
example, one might obtain a.correlation coefficient of 1.0 for 2 data
points (perfect relationship), but not expect subsequent data to
"perfectly" fit the equation described by the two points. The relative
terms used in describing significance range from "high" to "insignificant"
for 1% 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)
pqssessvseveraT features‘in common. A discussion of the general
characteristics of these regression plots, using as a particular case
the easiest of the straightedge parameters to relate to--the simp]e

number of defects--is as follows:

Overall shape of the curveé: Each of the curves disﬁlays the
characteristic shape showﬁ for the roughness index versus number of
defects curve of Figure 12. That is, for pavements of relatively
moderate roughness (up to about 15 inches/mile intovthe “Poor" category),
the best-fit curVe'is a straight line. Thus, in the roughness range of
primary interest, a simple linear relationship exists between the
output of the two devices. At high roughness levels, the curve departs

‘significantly from linearity.
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This obServed non-iinearity for portions ofithemcurve“iS‘at‘
variance with‘aVroughometérArollingvstraightedge correlation observed:

15 study of“(bridge deCk)'concrete smoothness FIn the

'in a‘Virginia
cited work, a d1rect re]at1onsh1p was. found to exist between thek

f output of the two dev1ces even for very rough concrete surfaces (1 e.,
up to 50 percent defect1ve and a Roughness Index of 300)

wh11e the purpose here 1s not to overemphasize the .non-linear

C port1on of the regress1on-curve, 1t 1s worthwh11e to d1scuss the possib]e_

- reasons for the d1fference in curve f1t in the reg1on where many defects
~are present ,‘f" - 2‘ |

It is be]1eved that the 1nd1cated ‘non- 11near1tv arises from two
'sources: the operat1ng character1st1cs'of,the New Jersey roughometer'
in particular‘and‘from‘theinature of_theirolTing stratghtedge'in general.
~ That is,'insthe‘firSt p1ace;'there;appears,todbe aneuppervlimit on the
roughness,OUtput of our roughometertggThis,is evidencedvby the;fact L
}that in the "before" portfon Of betore/afterirOUghometer surveys of
-deter1orated pavements scheduled to be. resurfaced the max1mum read1nqs
obtained have been on the order of 225 1nches per m11e : Th1s suggests_,
- .that the New Jersey roughometer does not»proportxonately reflect.the<
r'-roughness of an extreme]y rough surface Secondly, when a great many
defects are 1nd1cated to ex1st on a pavement some (poss1b1y substant1a1)

_fraction of. those defects are apparent or ref]ected dev1at10ns not measured

by the-roughometer.‘ In such’cases, the re]at1onsh1p tovroughness,1ndex

_]5H11ton M. H. ‘"Construct1on Techn1ques as Re]ated to Br1dge Deck
Roughness," HRB Record 248, p. 38 (1968) o

i



would be expectnd to be d]fferent than that preva1]1ng when 1nd1cated
dev1at1ons are predom1nant]y actua] deviations. both of these effects |
would ]1ke1y cause the curve to Tevel off in tne reg1on where a gross
number of defects are indicated.

Fit of the Data: The nature of the best-fit 1ineé re]atfng

)

the number, 1éngth and area of straightedge deviations to roughness
index and the'séatter of data about these regfessiOn lines are each
similarly ihf]uenced.by two'factoks‘pecu]iar to.theAprésent étudyﬁ
the use of two roughometers and a long interval between testing of
individual projects. |

The principal influence of the data obtained with the FHWA
prototype. roughometer--representing 5 of‘the‘12?tested projectse-is
to cause the best-fit line to indicate”slight]y higher roughneés
indexes fdr the smoothest pavement é]ass. Thét 15;'wh?]e the FHWA |
énd New Jersey roughometers yielded combarab]e readiﬁgs on'moderateTyi
rough*to rough pavements, thé FHWA”devicé‘read about 7 ihches per mile
higher than New Jersey's at the §mopth end of tﬁe roughness spectrum.
Thus. the regression lines indicated roughnesé index for pavements
containing nb.défectsf(%.e., the Y-interceptkdf Figure 12) would be
reduced to 81 inches per mile (FHUA "Excellent") if the basis of the
analysis wére the New'JErSey*rdyghOmeter readings alone.

As might genera]]y be expected, the use of an éXtended data
collection period is a contr1but1ng factor to the scatter about the
subject regression lines. Figure 12 and subsequent similar plots snou]d

thus be thought of as ”gehéraTized“ re]ationships which reflect long-term
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' variation inkboth the rOUghometéreand»relling straiqhtedge., The:

relat1onsh1p tetueen the output of" these devices observed on any

single fuaure proaect m1ght be. expected to show c]oser agreement.
1. ,
- Certain 1nd1v1dua1_proaects 1n‘the_present datagsetgnave, for'examp]e,

shown correlation coefficients as high as 0.29 (near perfect) and a
5 _

pred1ct1on tolerance (qu) as loa as + ] 6 1nche per mile.

3.3.3 f"t.vughne"ss Index Corre1ated‘to Numoerlof‘Deviations The 0. 77

> corre1at1on coeff1c1ent obtained for the curve of F1gure 12 1nd1cates
’7tnat a "Fair' to "Good”%relat1ons11p at a "high" s1gn1f1cance Tevel
. ex1sts uetueen the measured number of stra1ghtedge dev1at1ons and roughness
‘1ndex ‘ | o

Tne Y- 1ntercept of tne best fit 11ne revea]s that if a concrete
pavement were constructed w1th no dev1at1ons, vie m1gnt expect 1t to vbe
rated as "Good” based onwroughometer read1ngs. The slope of tle Tine
(O 8) 1nd1cates tnat two\dev1at1ons uu11t into a concrete pavement
“ v‘trans1ates about an add1t1ona1 1 1/2 1nches per m11e of roughness.

A new concrete pavement of the average rougnness 1eve1 measured

~in RNew Jersev (RI =122 1nc“es/m1]e) m1ght typ1ca]1y be expected to nave

-t:babout 40 assoc1ated defects excoed1ng our nresent spec1f1cat1on surface

‘,to1erance in any quarter m11o

The regress1on p}ot further shows tnat 1t is noss1b1e to
obtain pavements of acceptab1e r1d1ng qua11tj conta1n1ng some - 11m1ted
numbcr of Stra1gntodge uev1at1ons For example, to ach1eve an verage

. level of r1d1nq qua11ty coerSpond1ng to a border11ne'“Fa1r/GooJ" FHlA
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“rating (99 inches/mile), ‘as manv'as 15 dev1at1ons per quarter n11e

R fceuld beltdlerafed‘d nowever, un1le the nost probab]e rougnness index

eou1va1ent of 1a’dev1at1ons 15 'J inches per n11e roughncss reaawngs

| - as high as ]19 1ncnes/m11e (95 + Sy') and as 1ow as 79 1nches/m11e

-(99 -2 Syx) m1ght occas1ona1]v be: expec;ed on pavements conta1n1ng 1?

defects per quarter m1]e;..Thus, duevxo the var1ab111tV'(Syx\'Tnithe
pred1ctor equau1on, a srec1f1cat1on prov1s1or of some ]esser al]owa 1e
number of_dev1at10ns viould apparent]y need to,be app]1ed’to ]nsure

that “Good" riding quality is consistently achieved.

-._3;3;43 Roughnes Index Corre]ated to “Length of ev1at1ons.. Figure 13

indieates that‘a ”Good” reiat1onsn1p-geﬂera11v ex1sts betueen the "ougn-

nmeter read1ng obta1ned on a sectIon of concrete pavemenb and the

perCentage of'the pavement 1ength exceeding’a“surface “tolerance of 1/8

inch in 10 feet

Based on tne 1nd1cated eeu1va]ency oetween Hew Jerse/ rougnom;»er

'and ro]]1ng stra1ghteoge measurements, tne average new‘concrete pavement
in.this state:(RI‘=‘122 1nches/m11e) uou]d be expected to: nave about
110 Teet of dev1at1on per ouarter m11e exceed1ng the present spec1f1cau1on

, smoothness tolerance (1 e;,.d a‘percent defect1ve). In order to acn1eve

the Fh”A s suggested minimum 1eve1 of acceptab111ty (a Féir/Good:kating),

v tne max1mum Lotal 1ength of defecbs per quarter mile would have to oe

“~reduced,by aboutrtwo-thTrds to 40 feet (3-percent-defect1ve);
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*'3 3 5 Roughness Index Corre]ated to Area of Dev1at1ons Figure 14

presents a plot of roughness 1ndex versus, the total area of deviations
per quarter mile. Since the area of deviations reflects the1r severity,
it uas thought that presenting the data in this form might offer a
better fit with roughometer data. However, this is not the case. w1th
the correlation parameters being essentially the same as in the other

methods of ana]ysis (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 sfip-form péving‘technique has been on1y a‘recenttdeve1opment
in this state. :To date, only three New Jersey expansion joint projects
have been slip-formed: 1-295, Section 2L and 3A; I-295, Section 4C and
5A; and 1-280, Section 15-5P. A paving train of the same manufacture
(CMI) was used on each‘bf these projects, and the latter two projects were
built by the same Contractor. | |

In applying the slip-form technique, tie]d forces performed “
considerable experimentatton with joint construction methods in order
to determine the method most compatible uith our re}atiVe]y unique
joint design. While various tonstructfon‘techniques were thus employed
both within and between proaects a brief summar12at1on of the principa]
construct1on mod1f1cations used on the three projects can be prOV1ded

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

inches of the 3/4 inch expansion joint f111er S0 as to avoid inter-v

ference with the spreading and extruding equipment. These sections
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viere subsequent1y rep]aced to comnlete the joint after passage of the
paver. 'To prevent 1oca]1zed cdge s]ump off a snort section of woodcn
form vas placed aga1nst.the edge of pavemgnt at tne time of the filler
paper rep]acément. ‘ ‘ |

On the 1I- 2JJ, 2L and 3A project, aftér removal of thé'joint
alignment pins and protectioh cap, a chamfer strip was nailed to the t&p
of the expansion paper to serve as a crack control device. The surface
was then given a preliminary hand finish, fo]lerd by final finishing |
with a mechanized longitudinal tube float and burlap drag. The joint
sealant reservoir was subsequently formed by sawing. The saﬁc general
proceduré was embloyed on the I-29%5, 4C and 5A project except that the
tube float was not used in the immediate vicinity of the joint. On the
1-280 progect except for a short section at the beginning of the proaecL,
joints were constructed using essentia11y~the same methods as in formed
construction (i.e. hand floating and edgingAar0und a temporary fi]ier
strip).' Like the 295, 4C and SAlproject then, the concrete surrounding
these joints did not receive benefit of the Tongitudinal float.
Additionally, the final finish texturé oﬁ the 1-280 project was
accomp]ishéd with a mechanical bLroom rather than a burlap drag.

A SUmméry of straightedge data obtained on these siipwform
projects is presented in Table 4. As indicated, based on the extent
of measured stréightedge defects, the projects would be expécted to merit
only "Fair" or "Poor" riding quality ratings. While the 14295, 2L and 3A
project had some sect{oné.which displayed a Tow number of defects, the
data for the other two projects are quite uniform at the lV‘Faiir‘",or “Poof"

level. The sample of hand-finished joints constructed in the later
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‘TABLE 4: SUMMARY OF STRAIGHTEDGE DATA FROM NEW JERSEY SLIP-FORM PROJECTS -
- BT S 1295 [ 1295, EEE S
2L&3A 4C&5A. R ' 1-280, 1B-5P;
o NS . . . , A - Hand - Hand
'General.Method of Forming Joints Sawing _Sawing Sawing (early work) (later work)
Number of Sections Sampled 6 8 >4"1 1 4 K
Numbér,of Deviations, N ,
Range . 4-50 | 30-69 38-42 . 48-58 31-39
Average - 22 45 S REE 51 36
Percenthefective Lengﬁh,iLD
Range 0.8-13 | 6.6-15.7 | 8.5-9.8 10.7-11.6 6.4-9.3
‘ , Average 3 :S.S,V 9.5 9.0 - 1.1 7.8
‘Average Riding Quality Rating : o
.of Straightedge Sample IR - » e
(Estimated from LD) i . Fair* |  Poor Poor . Very Poor - Fair

*Actual roughness indexvqf sample:’ 116

= Fair

-g5-
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stages of the I-280 work show an improvement with resnect to both' the

Lo \ . L A Lo .
sawed and hand-formed construction at the Leginning of the project.

The apparent beneficial effect of the longitudinal tube

float can be appreciated by considering the differences in the relative

influence of‘joint roughness between pfojects. " Specifically, when the
methanizéd-]bngitudina] tube float was used ovef the entire pavement

i
surface,.the‘rc]ative smoothness quality of the pavement botin at and
between joihts was the sane (i.é( thg 16.7 peécght'of the pavement
represented by joints"accéunted for an average of 15 pefcgnt_of all
defects); when the float was not-uscd at thefﬁofnt, the surrounding
cohcrete vias more than about‘2-1/2 times rougher (i.e. joints accounted-
for an,aVerage of about 45% of all defects). |
In addition to'these genera]]y;disappbinting_riding quality

results, other factors have caused the slip-form paving technique to

he less than & success in this state. That is, on certain portions

of the 1-295, 4C and 5A project, the Tack of timely sawing and/or

rep]acementlof the short sections of filler paper at the edges Qf the
slab led to surtace and corner spa]1ing requirﬁng repaif with epbxies.
In other, more isb}ated instances, edqge slump-off between adjacent Tanes
led to an undesirable drainage éituation.

Fﬁrther, apart~from these quality considerations, no substantial
cost savings‘héve accrue& to the state from the use of slip-forming.
On the two projects on which a credit was given the State for‘
permittjng sTip-form rather«thanvconventionaT‘éoqétruction, the
credit amoUﬁfed to only,]el/Z to 2 percent of}the‘uhit price of the

pavement.



-55-

3.4, 2 Use of”Contraction'Joint‘Design- New Jersey’s eXpansion~joint design

| ~,constructed by convent1ona1 (formed) methods, has demonstrated ‘a Tong term

“ab111ty to mainta1n structura] 1ntegr1ty when subJected to our h1qh preva111ng
7truck volumes., However, 1n order to determwne the des1rab111ty and fea51b111ty
-,of New Jersey's convert1ng to a des1gn system offer1ng a potent1a1 for both
1mproved smoothness and greater compat1b111ty wvth s]1p-form1ng, the Department
1n 1973 undertook the construct1on of an experimenta] contractxon 301nt pavement
51:Th1s proaect was constructed on 4 1/2 mi]es of Route I 80 (Sect1on TP) The
'vu_ Contractor on this work was the bul]der of the prevxous 1-295, 4C and 5A and
L 1- 280 slip- form proaects. “ o |
| The essent1a1 features of the exper1menta] pavement are the predom1nant
, use‘of‘unreinforced s]abs, a:15 foot spacing of'contraction Jotnts‘conta1n1ng
~essentially. the_present~Toadvtrahsfer.deviceg-andlunseaTedfsgwgd_joints (1/8 to
3/16" wxde) ConVentionaT‘bridoe approach’and'transitton slabs cOnttnuedrfn use.
EvaTuat1ons of the construction work and pavement r1d1ng quaT1ty vere |

conducted under a separate study for wh1ch a formal report is now 1n prepar—
at1on* The average level of smoothness ach1eved on the proaect wou]d merit;
a mid- range "Fa1r" FHNA rat1ng While th1s resuTt represents an 1mprovementv
over the contractor S prev1ous s]1p-form efforts, the 1mprovement is far less
than was expected The key factors 1nf1uenc1ng the observed roughness were the ,
unconf1ned nature of- the pavement edge, n1ght 301nts, and match1ng techn1ques
~ used in placing adJacent Tanes. ftf ’ ( ‘ |
J S1nce the performance of the experimenta] design remains to be determ1ned
and in v1ew of certain new and substant1a1 construction d1ff1cu1t1es posed33
1'further applicat1ons of the contractlon Joint design w111 not be undertaken in

' the near future.

*interim reports 1ssued : ‘ ‘ : '

33santoro, R. R. "Preliminary Comments on Construct1on of the 1-80 Experxmental
Contraction Joint Pavement" N.J. Dept. of Transportation Research Report (1973);

34Croteau, J. R, "Initial R1deabttaty Results for the 1-80 Experimental
Contraction Joint Pavement" N.J. Dept. of Transportation Research Report (1973)

+
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*If a yearly roughness increase as low as 3 inches per mile can be

. PART IV: BITUMINOUS PAVEMENT RIDING QUALITY RESULTS -

4.1 ROUGHOMETER DATA =

N

' ,4'1'1 ?Average Project Roughnessas”Table»S presentsda*SUmmary of:roughometer'

measurements made on the surface course. of the 16 new b1tum1nous paving-

bxproaects surveyed dur1ng th1s»study The tabu]ated roughness 1nformat1on -
: represents near]y 270 m1]es of roughometer data (1 070 quarterﬂn11e

- sect1ons)

* The average Roughness Index of the samp]ed b1tum1nous proaects

‘_range from 70 to 117 ‘inches per mile and average 95 1nches per m11e; f, ” R -

‘jAccord1ng to the FHWA cr1ter1a the average 1eve1 of r1d1ng quality

prov1ded on one of the. prOJects wou]d be a border11ne “Exce11ent" R Lol

‘-four wou1d mer1t "Good" five "Fa1r"*,and s1x wou1d be rated “Poor"};-

»The average of the proaect means corresponds to a "Fa1r" FHWA. rat1ng

In contrast to the prev1ous1y descr1bed results for concrete
pavements, not on]y do the samp]ed bitumlnous prOJects genera11y |

exh1b1t a lower. Roughness Index (average 25%), there 1s a trend for

) our more recent progects and those constructed w1th more modern '

;equ1pment (1 e. automat1c paver contro]s) to be the smoothest

assumed for New Jersey cond|t1ons, the riding quality rating of the

. bituminous portion of the I-78, 3-G project could be extrapolated to AR i
"Good,' on an as-constructed bas1s FIn the previously cited Alabama -
‘ study12, an average yearly 1ncrease of 4 1nches per m11e 1s reported
,vforbituminouspavpments ] : e 5 g



*denotes projects on which automatic paver controlb,
were employed at least to some extent :

TABLE 5: Summary‘of'RoughoheterVData'fof Bituminous.Paving:Projectsi
» v»Proi?ctv Date "Daté, | ; | rengen | Roughness.lndgxi(lpchgf/mlle)

; . ) ' Opened | Surveyed | ty, - tg of . | Length . o o B R . Initial
No. Route and Section ty t) ”(Months} Project’ | Surveyed Range - | Average | ~TlWA Rating PSI
1 -|1-280, 13-5P -- 8/72 0 9.7%mi.| 3.0mi.| 68-120 89, ~ Fairs 3.28
2 .3, 55 (Fwy). 6F & 7E 10/72° ]  8/72 0 5.3 1.75 | 68-92 78 Good* 3,51
'3 |1-195, 3B & 4A 7772} 8772 1. 5.0 4,0 64~120 82 " Good* 3.42

4 |1-195, 4B 7/72 7/72 0 4.0 3.0 702120 88 " Fair# 3.30
5 |1-195, 2a & 3A 72| 1y | o 3.7 2.5 96-140 | 112 Poor 2.87
— — - . S , : Fair to .
6 |1-73, 4F & 4G 7/71 7/70 0. 5.6 1.5 67-102 | . 83 Good - 3.40
7 |1-80, 1 471 3/71 0 2.0 1.5 ©ogo-144 | 113 Poor 2,85
8 |1-78, 43 12/70 | 5/70 o 4.5 1.0 . 86-132 110 " Poor. 2.90
9 |N.J. 55 (Fuy), 55-78 10769 | - 5/69 0 8.1 2.0 53-107 76  Goodk 3.56
10 |5.3. 35 (Fwy), 2B & 3A 7769 | 12/68 0 2.8 1.0 93-123 | 104 " Poor 3.00
11 1-80, 3 7/69 | 10/68 G 5.6 2.0 80-149 | 117  Poor 2.79
» ‘ ' ) : o v o : Good to * S
12 |1-295, 1S 12/68 3/69 3 6.1 2.0 57-86 70 ixcellent 3.71
13 |N.J. 35 (Fwy), 1A & 2A 11/68 | 12/68 1 4.0 2.0 80-124 100 Fair 3.07
14 |5.J3. 72, 6A & 7A 11/68 | 12/68 1 5.2 2.9 85-120 99 . Fair 3.09
15 |1-78, 3G 7/66 5/68 22 5.42 | 1.25 76-1 89 Fair 3.28
16 |1-78, 4K 7/66 | 10/68 27 2.7 2.0 84-147 112 Foor 2.87
8including c0ncrete‘portion of project . : | ,
Averages 46 95 Fair 2.97

—Lg-



' 4.1.2- Roughness of Ind1v1dua1 Test Sect1ons~‘:As in'the'case‘ot the

-_samp]ed concrete pavements, Tab]e 5 1nd1cates that cons1derab1e var1at1on_

.genera]]y ex1sts between the h1ghest and 1owest rouqhometer read1ng

w1th1n a part1cu1ar b1tum1nous proaect 0n both pavement types, the

mean range of roughness amounts to about ha]f the average 1eve1 of

roughness Un11ke the roughness s1tuat1on preva111nq on New Jersey

concrete pavements, however, certa1n of the samp]ed b1tum1nous
pavements--notab]y,;the I-295 15 and ‘N.J. 55- 6F and 7E proaects—fdo
show a 1ow range of roughness as we]] as a 1ow average thus |
1nd1cat1ng cons1stent achievement of a qua11ty product

The r1d1ng qua11ty d1str1but1on of the 1nd1v1dua1 b1tum1nous

‘ pavement test measurements=1s shown 1n F1gure 15 The "Poor" rid1ng

qua11ty category has again been arb1trar11y d1v1ded 1nto what might

be considered "Rough" and "Very Rough" sub categories

As 1nd1cated--two-th1rds'of the rouqhometer measurements made
on the b1tum1nous pavements samples over the past five years wou]d merit -
""Fa1r" or better FHWA r1d1ng qua11ty rat1nq | About. 15 percent of
the samp1e has a roughness index: fa111ng in the "Very Pough" category

(i.e., 15 more than 10 percent above the “Fa1r/Poor" cutoff) Nearly

a]] (92%) of the roughometer measurements made on b1tum1nous pavanent
are less than the verage of the measurements made on concrete However,

.as prev1ou51y noted,_a,djfferent‘(more.severe) equ1va1ency between .
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measured roughness and rideability rating is used fdrAbituminoﬁs
pavements under the FHWA rating system. When this factor is |
considered,}essentia]jy the only difference between the test
measufements on our bitumihdﬁs and concrete pavements is that abdut

12 percent more of the‘bituminous pévement measurements fall in the
"Good or Excellent" rather than the "Fair or Poor" categories (cf. Table

6 following).

4,1.3 Inter- and Intra-State Riding Quality Comparisions:

Inter-State: In Table 6, a summary of New Jersey roughométer
data for both rigid and flexible pavements i§ shown compared to the
results of the.580 mile, 17 state roughometef'sémp1e used‘to develop
the FHWA rating criteria.

The five-year sample of measurements on_NeW'Jersey concfete

and bituminous pavements each show an iﬁordinatelpercentage of "Poor"
ridihg qua]ity sections compared to_the FHWA's multi-state sample: about
40 percent.compared to 3 percent "Poor";

Intra-Sﬁate:‘ When faced with thevparticulaf1y disappointing

riding quality ratings in the earliest stages of‘this work, the writer

" undertook to determjne the extent to which roughometer reédings agreed

with a judgment of very good ridihg,qua1ity'for bituminous portions of

the Gardeh'State Parkway. Thru the courtesy of the involved agencies,
\ .

this sampling was expanded at the time of testin?—(mid-1969) to include

t

.
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|
TABLE 6: COMPARISON OF NEW JERSEY AND FHWA RELATIVE ROUGHNESS RESULTS

/

© New Jerséy Concrete " New Jersey Bituminous

FHWA . | Percent of L Percent of ‘ ) ' Percent of
Riding Quality | FHWA Survey Number of | All Test - | Number of All Test
" Rating in Category & | ErpjectSVFv‘ Measurements Projects b[ -Measurements

Outstamaing | T | o | - o | o | 03
Excellent | 15 | o | o8 1 3.4
Good | ooosh | 1 | ko s | 235

CFair | 21 | 6 i'f w9 | R T X

Poor BTN [T S F’_? S b3 1 e | 37

. 8pituminous and concrete pavements combined:

Ytwo concrete and one’bitumiﬁous project extrapolated to aé—constructed state

“TABLL 7:  COMPARATTVE BITUMINOUS PAVEMENT ROUGHNESS

DATA FOR NEW JERSEY TOLL ROADS -

5

, : - Tested Length = -
Pavement . Test . Age ‘At . and '

Tested = ¢ Location |- Iimev"‘(No;>Of Sections)' » ‘Raﬁge o Average

*ouvhnéss Index ’
i e " Rating

. v 'Hilépoét." o 1  2.mi1eé'”’ R o Good to
Parkway =~ | 7U-72 15 yrs | (32) - - 53-89 71 - - Excellent

»fMilepOst: e 2 miles . - o : S : :
. 29-31 5 yrs T (64) -l 46-93 o605 | Excellent

Expressway

Hilepost : ﬁ> 2.75vmi1es RS R S
- 14=17 |5 yrs S (88) 1 53-105 75 ~ Good

. o ~Cbntract Not f‘1 mi1e R o , 3 ,
| Turnpike .} w1104 | open j . (16) : - 83-139 - 110 Poor
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but a- 1ower overa11 serv1ceab111ty 1eve1 (2 97 versus 3, 46 average

b1tum1nous pavement on the other toll- roads in th1s state The New

'.Jersey Turnp1ke and At1ant1c C1ty Expressway., The resu]ts of th1s
\\,:to11 road test1ng are presented here s1mp1y s1nce most New Jersev
‘Jg/readers W111 be fam111ar w1th the roads in question and thus may bes

“able to. re]ate to the roughness data

As shown 1n Table 7, the r1ding qua11ties of the tested port1ons
of the Expressway and Parkway‘-— 1n service for 5 and 15 years
respect1ve1y -- were rated as "Pood“ to "Excellent". The read1ngs

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

~ construction stud1ed in this work.,iA "Poorfgrat1ng was 1nd1cated for |

the smaller sample of newrcOnstructfon on‘the-Turnpike;_‘

4.1.8 Presentfserviceabi1ity'Equiva1entsfof Roughometer Data: The

» present'Serviceabi1ity'index eguivaYents for the'bituminous projects

11sted 1n Tab]e 5 range from 2.85 to 3.7 and average 2 97 (6 5 un1ts :

| above the recommended tenn1na1 index) F1ve of the 16 proaects have

an 1n1t1a1 serv1ceab111ty index above the suggested m1n1mum acceptab1e

: va1ue of 3 4 In comparison to the sampled concrete, the bituminous

-

' prOJects thus show a h1gher fraction of acceptab]e 1nd1v1dua1 projects

/

' ,progect PSI)

If a substant1a1 fract1on of initia] surv1ceab111ty 1ndices

o shou]d be” at 1east one PSI un1t above the term1na1 va1ue (2. 5) in order

to obtain a meanlngfu] 1ndex of performance, then the serv1ceab111ty v
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concept Wo01d’appear ewen-Tessbapplicab1e to‘our bituminoos pavements
than our concrete: Asbshown in FiQUre 16, 1ess than 20 percent of
~ the bitum1nous serv1ceab111ty 1nd1ces are 3.50r above, compared to
~ about 50 percent for concrete )

~ While the potent1a1 for future applicat1on of the serviceability
concept is enhanced by the 1mproved r1d1ng quality obta1ned in our more
recent work, a more fundamenta1 factor in the quest1on of app1icab111tyﬁ
woqu appear to be the va11d1ty of the PSI equat1on itself. There are
,1nd1cat1ons that, due to the we1ght g1ven to the roughness factor in
the Gu1de11nes PSI equatjon,>the above,described‘resu1ts for bituminous
pavement‘may'be over]y pessimistic* That is, given the past history
of read1ngs from our part1cu1ar roughometer, the values at the upper
- end of the PSI sca1e appear unatta1nab1e even for pavements whose
| ‘r1d1ng qua11ty compares favorab1y to the bgst new construct1on obtained
“in other states. For examb]e,'thefsing1erlowest value obtained on a
state project (52 inches/mi1e’é "Outstanding") is'eouivalent to a»PSI
of only 4.23, ‘Simi]arly,scertain1pavements receiving an "ExceTTent"
~ FHWA rating correspond to‘a PSi"of 1e55 than 4.0 according'to,the
Gu1de11nes equat1on (e.q. 66 1nches/m11e 3 8). The working range
of PSI va1ues in this state wou]d thus appear. to be only about 1. 5
units (i.e. from 2 5 to about 4 0).. S1qn1f1cant1y, this is in spite
| of the fact that severa] entire projects and many 1nd1v1dua1 ”
roughometer sectlons tested have been bu11t to the closest surface

to1erance wh1ch our present and prOJected future spec1f1cations requ1re

,(jce. essentlally or complete1y‘free of 1/8 1nch-stra1ghtedge deviations).
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FIGURE 16 : ‘
Hnstogrom of Roughometer Data Converted To Presem '
Servnceabnny Equivalents
(Bltummous Pavement)
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It is 1mportant to note that New York -- one of the states whose

i

roughometer was used in deveioping the Guidelines equation -- has since

: deveioped a modified equation16 to more accurately refiect the1r

particuiar pavenent conditions and roughness equipment - The coefficients
in the modified New York equation y1e1d a higher serv1ceab111ty equ1va1ent |
than the Gu1de]1nes equation for a given Roughness Index and assign .
substantia]]y greater weight to rutting o

| From the preceding, it appears reasonab]e that -- should de51gn
engineers in the future wish to compare the reiative adequacy of .

bituminous pavement de51gns by means of the serviceability concept -

- the serviceabi]ity equation or its app11cation wou1d have to be
vaodified for use in this State ~In this connection work has
,recently been initiated to deveiop a modified format for SR
,serv1ceab111ty 1nformation that w111 enable New Jersey Maintenance :V

: forces;to better”judge pr1orities,in,extensive resurfacing programs;-'

8.2 ROLLING STRAIGHTEDGEinhTA

4. 2 1 Nature and Size of the Samp]e A total of 129 quarter-miie

o sections of bituminous top course having a known roughness 1ndex have o

been surveyed with the roiling straightedge the tested sections being

seiected from 12 of the 16 projects 1isted in Table 5 An_add1tiona1

f16Vyce J A, "Deveiopment of a Flexible Pavement Performance Equation", -

New York Department of Transportation Research Report 68-4 (1968) -

i. .
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I

”“f’samp1e of 65 sections was obtained from ‘three recently constructed

projects not’ tested W1th the roughometer. ‘The entire bituminous

(surface course) sample obtained in this work thus amounts to nearly ;

50 miles of data (194 sections)

The nunber of defects observed in the total bituminous pavement

’sampie range from none to 49 and average 6 per: quarter mile (Figure 17A)

‘As shown, neariy 40 percent of the tested sections contained two or

fewer defects The ca1cu1ated percent defective 1ength ranges from

zero to 8. 5 percent and averages 1 4 percent of the tested length

'(Figure,17B). This average percent defective corresponds to about 18

feet of deviation eXCeedingrl/BVinch in 10,feet”per quarter mile.

While a difference in the surface characteristics of rigid

. and flexible pavements'might be ekpected‘intuitiveiy”as weii from
‘the previously noted (25 percent) lower average'roughometer readings‘for '
bituminous pavement, ‘the described straightedge data 1ndicates that a |

: marked contrast exists with respect to the measured surface irreguiarities

on the two pavement types ~For examp]e, the concrete straightedge

data on the average displays about 5- 1/2 times more defects and defective

'1ength than the bituminous pavement sampie (1 .e., 35 versus 6 defects

and 100 versus 18 tota] feet of defect per quarter mi1e)

L e PR




~ FIGURET - . |
FREQUENCY DISTRIBUTION OF ROLLING STRAIGHTEDGE DATA
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4.2.2 Patterns of Defects Common to Pavements of Various Ridihg_OuéTity'
Levels: | '
The average patterns of straightedge defects corresuonding to

particular roughness ratings for concrete pavement have previously

~ been shown iﬁ Figure 9. The 12 project sample of stfdightedge data for

bituminous projects is shown in a similar format in Figure 18.
| - The most[strikihg'dﬁfference between the general patterns of

defects on the two pavement types is the significéntlyvgreater reduction

~ in riding quality accampanying-I/B inch or greater straightedge}defects

on flexible pavements.  To achieve a "Good" f]exib1e pavement riding

quality, for example, substéntia! if not combTete comp!iance_with a
1 .

zero straightedge defect provision is generally réquired. At thevother‘
extreme, a‘bftuminous pavement containing the same totalbnumber 6f defects
as the average "Good" concrete pavement (14 per quarter mile) can be
expected to receive a "Poor" fating.

The span 1ength distribution of bituminous straightedge defects

~ (not shown) is essentially the same as onfconcréte. That is, about 90

percent of all 1/8 1nchideviations are 3 feet'Qrﬂless, with two-foot
defects predominating. Also, when deviations of‘l/d inch or greater
magnitude occur, they are Common]y 3 to 6 feet in Tength.

| The generally more sévere relationship‘betWeen'the extent‘of
straightedge;defects and riding dua]ity ratihg for bituminbus‘pévenent

relative to concrete is believed to result from two sources. First,
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since a bituminous pavement generally must display a Tower Roughness

: fndex than a éoncrete paﬁement for the same FHWA rating to be appliied,

a more critical rating also is expected if the roughness level is expressed

in terms of straightedge ra€hér than r@ughﬁmetew‘data‘, The second

influencing factor relates to differences in the absolute profile

betweeh forﬁed ahd unfovmed:tonstructinn, That ﬁs,Jasvnreviousﬁy noted,
there is ev?dence'thatvsurfac@ defects not measured by.the straightedge
(i.e., multiple short deviatﬁans reflected as straighéedge “chatter")
are sometﬁmes‘prevaﬁeht on and detract from the ride of bituminous
pavement, thereby increaéiﬂg the roughometer reading for a particular
measured level of stréighteﬁge‘defectsf  Additiona11y, lqng wave }éngth
defects unﬁ@ué;to.or more prevalent on non-formed construction might
possibly exert a similar ?nfiaenceg |

To thg reader charged with responéfbi?ity for achieving good
riding bituminous pavements in pvactieeg an important’ramiffcation‘of

the described severe influence of measureable surface defects should be

apparent, Our data strongly suggests that even an occasional lapse

in the app]ication of proper c@nstruétion practices can be expected to

assume critita?,p&op@rtioné with respect to the pavements' resultant

level of rideability.

4.3 ROUGHOMETER - ROLLING STRAIGHTEDGE CORRELATION

4.3.1 Roughness Indexiﬁorreﬁaﬁed to Number of Deviations: Figqure 19
presents a plot of Roughness Index versus the number of bituminous

pavement straightedge defects per quarter mile,
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As in the case of concrete pavement, the best-fit 1ine departs
from linearity in the "Poor" to "Very Poor" riding quality zone. Again,

hdweyer,-in the straightedge data range of interest, the relationship

" §s linear. The 0.83 correiation coefficient obtained>for this

regre551on line indicates that ‘a "Good" reiationship at a “High"‘
51gn1f1cance ievei exists between the two measures of roughness

' The Y- 1ntercept of the best-fit line shows that a bituminous‘
pavement containing no straightedge defects in excess of 1/8 inch will
generally merit a "Good to Excellent" FHWA riding quaiity rating. The
slope of the line (3.9) indicates thet_each deviation built into a
bituminous pavement will increase the roughness index by about four
inches per mile. }In comparison to concrete;‘the inccementai roughness
index contribution of a single straightedge defect is;near]y'fjgg_v |
times greater on bituminous pavement. . |

Acconding to Figure 19, in order to achieve~an'average level of

riding quality equal to the FHWA's suggested minimum ievei of
acceptabiiity (a “Fair/Good" rating), the number of defects per quarter -
miie}wOuid have to be held to three or less. As the number of defects
increases above nine (a borderline "Fair/Poor"), roughness index increases
until--at about‘]3 defects--there is less than a 3% chance (based on

Syx = 10.5 inches per mile) that anything other than "Poor" or "Very

Poor" riding quality will be obtained.

4,3.2 RoughnesS‘Index Cornelated to Length of Deviations: Figure 20

indicates that a good relatignship also exists between_New Jersey
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»”roughometer readangs for b1tum1nous pavement and stra1ghtedge data
expressed in terms of the percent defectave 1ength parameter |
Based on the subJect re]at10nsh1p, a 50 percent reductaon in the
"kpercentage of pavement 1ength exceed1ng a surface toIerance of 1/8 1nch
in 10 feet xs requ1red 1f the average new b1tum1nous pavement in th1s

State is to cons1stent1y merat a "Fa1r" or better r1d1ng quality rat1ng

(i.e. from an average of 1 5 to 75 percent defective) |

~In comparing the nunber and defective 1ength parameters with
regard to their re1at1ve merits for use in controllvng roughness dur1ng
kconstrUction it appears that the defectlve tength parameter wou1d be
less restrtct1ve and more practical That is, 1mp11cat in the_previous
d1scussaon of the equxva1ency between the number'of defects and7~‘ 8
r1deab1lity 1s the fact that these defects are of some xp1ca1
magnltude ‘and length 1n New Jersey. Fxgure 20 suggests ‘that if the
defects incorporated during construct1on are short, some greater than
h. average number cou]d be toYerated prov1d1ng the1r total Iength ‘is held
vto about 105feet.’ Converse1y, ofvcourse, a pavement conta1n1ng an
"acceptable"»number df defeCts would not be*expected to'receive an

«"aCCeptable"‘riding'quality rating’if the defeCts were atypica11ygiong.

- 4, 3 3 Roughness Index Correlated to Area of Deviat1ons WhiTe'a goodv

relataonsh1p exists between the tota1 area of stra1ghtedge dev1at1ons
and roughness 1ndex (F1gure 21), the greater calcu1ation effort requ1red
for this parameter -- coupIed w1th the fact that it 1s not a statist1c

'whwch one can easw1y re!ate tov-- ind1cate that defect1ve area wou1d be
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‘less usefu] than the number or length parameters in a f1e1d appllcatxon.

For: research purposes, however, defectxve area 1s a useful parameter in

~ that 1t provwdes a measure of the dlfference in stra1ghtedge defect

severlty in a stngle statasttc

,4 3.4 Estlmated R1d1ng Qua11ty Rat!ng of Recently Constructed ProJects:

Based on the descr1bed corre!at1ons between New Jersey roughometer -
hj and stra1ghtedge measurements, an: estwmate can be made of the rwding |
'qual1t1es of three recent prOJects.whose roughness-was samo1ed only.
‘with the ro]11nq stra1ghtedge., Route 1-80 Sectton 1L New Jersey 55
::Sect1on 7F and 8n; and I- 287* Sect1on 7D-96. ' '

| The est1mated r1deab111ty rat1ngs for these prosects shown in
Tab]e 8 represent a continuat1on of the prev1ous]y noted trend for

New: Jersey 3 more recent bwtum1nous constructton to be of a hlgher

- level of acceptab111ty

It i s 1nterest1ng to note that the d1fferences 1n ratlngs of

the three prOJects are not the result of some dxfference in the best

. qua11ty ]evel ach1eved (i. e. each prOJect conta1ns some exce]1ent work)
'but rather are apparent]y a funct1on of the un1form1ty or control of

,the qua11ty 1eve1 Thms 1s exemp11f1ed by the fact that the Route 55 .

*The. pavement seciaon and method of constructxon on th S proaect were

“different than usual in that thick-1ift base construction was emponed

(2, 4-inch 1ifts) ‘and the standard (1-1/2") 1ift of blnder was

-4're11m1nated between the base and top..
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Estimated Riding Quality Rating of Three Recently
Constructed Projects nbt Tested with the Roughometer

Table 8:
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PROJECT

Good

Route I-80 N.J. 55(Fwy) Route I-287
Section 1L . Sect. TF&8A Sect. TD-9G
Length of Project 7.5 mi 2.3 mi 5.4 mi
Date Opened to Traffic 1/73 6/13 2/73
Number of Sections Sampled 33 8 2k
Number of Deviations, N v v
Range ’ 0-18% 0-2 0-15
Average - 5.k 0.5 2.5
Percent Defective Length,'LD} |
Renge | 0-3.18% 0-.38 0-1.67
Average i 1.14% 0.1% 0.36%
Estimated , »
Average Riding Quality Rating Fair to ‘Good to Good
of Straightedge Sample Excellent'

¥One very rough section (N=3T, Lp = 8.71%) eliminated
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sample contains none of the marginally acceptabie sections observed on
1-287, 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 STRAIGHTEDGE DATA TO RESULTS IN OTHER STATES:

The majakity of states have the same specification smoothness
requirement as New Jersey: No straightedge defect exceedfnq 1/8 1inch
in 10 feet.

In the case of concrete pavement, comparative straightedge data
is not avai]abieito specifically determine the extent to which
construction in other states actually conforms to thﬁs zero defect
provision. However, as a result of an ongoing FHWA Bemonstration
Project*, that agency has acéumulated a large sampling of rolling
straightedge data on new bituminous concrete in numerous states. This
datavsample - presented in temms of the defective Tength parameter --
thus provides an alternate basis for judging relative roughness results
in our state.

Based on information provided by the FHNA; the histogram of
défective length shown in Figure 22 represents at least 92 miles of
straightedge data from 16 states. As shown, moré than half of the

pavements in this multi-state sample were comb?ete1y‘free of measured

*FHWA Region 15'DemonstrationvProject 2: "Improved Ouality Assurance
of Bituminous Concrete"
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defects and near]y al] of the data (90 percent) d1sp]ayed one percent

defectlve or. 1ess In the f1ve-year New Jersey data samp]e (F1gure 178),

18 percent of the pavements were free of stra1gntedge dev1attons and the

“-90th percentx]e corresponds to 3 percent defectlve.

Based on the stralghtedge roughometer corre1at1on observed 1n

~ the present work more than ha]f of the pavements surveyed by the FHWA

| fwould be expected to rece1ve "Good to Exce]lent" ratlngs 1f tested

w1th~the New Jersey roughometer Stgn1f1cantly, about 85 percent of

'fthese b1tum1nous pavements wou]d be expected to meet the crlterla for

acceptable“ 1n1t1al serv1ceab1]1ty (i.e., above ‘the ”Fa1r/Good"L’

" demarcation wh1ch corresponds to about 0.75 percent defect1ve ]ength);h-ﬁ

The preced1ng stratghtedge data is thus 1n agreement w1th ‘the

: previous roughometerva based 1ndtcatton that the New‘Jersey;pavements-‘"

studied over the past’fivezyears}haVe.nOtﬂgenenally“beenleonstructed

‘to the surface smoothness¢5tandardsfachievedrinfother states.

4.5 wwwnowwﬁbmﬁmMBINMmmmmﬁmmmTWMWas

4 5. 1 Purpose of Testtng In dlscu551ons of radtng qua]1ty, many

‘experienced resmdent enqtneers have probab]y had a contractor remark‘i:’

"Don't worry about the roughness we }1 take 1t ‘out 1n the next course "o

Cepending on the condtttons exastvng on a part1cu1ar progect the Splrlt

of Optlmtsm v01ced in th1s comment obvtous]y may or may not have a bas1s

Vln fact
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Later.invthjs repoft;$r611ing str&ightedge based surface smoothness
specifications are described and recommehded for use in New Jersey. If
such spécificatibns ake‘adopted,5reSideht”engineers will be provided
With a means of rapidly obtaining data on which to judge the potential
for a;hieviﬁg}an acceptabie,finé} }évé]vof riding quality at each stage
0% constfuction.3 Implicit in such a determination by the engineer :
is the feso]ution of}£w0're1ated queéf{ons: '"Where do I stand with regard
to roughness at'ﬁhe present Eoursévfevéi?" and "What improvement can I
expe;t?" While a short pekidd of experience with the straightedge
should yie]d-specffic ahswers to thése questions appropriéte}to a given
set of progect conditmons, at least 1n1txa]1v, some historical perspectlve
is required. ' |

In order to determine the extent to which roughness is removed
.from the various hNew Jersey flexible pavement layers and to develop
~ some possxb]e~gu1de11nes for future control of 1ntermed1aﬁe course
roughness, chcéssive rgughometer and Strdightedge-meaéufeMents were
made on the base thru top course surfaces of selected projects,

_ Unfortunate]y, the number of such c0nsecutivevmeasureménts obiained was
somewhat limited due to roughometerﬁbreakdowns and difficd%tfes in
coordwnat1ng data. co]]ect1on with construction operat1ons

4.5.2 Average Levels of Roughness and Roughness lmprovement for Intermed1ate

Courses: A summary of the average values of stra1ghtedge and.  ~

~roughometer data obtained on the base, binder and top course of the
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1“:1nd1v1dua1 proaects sampled in th1s work 1s presented ln Tab]e 9

’ fS1nce the roughness var1at10n between prOJects (i. e > the range) is

>about half the average value 1n the case of roughometer data and as :'.

mucn as tw1ce the average in the case of stratghtedge data, lt 1s apparent

- that the tabu]ated averages present a very genera11zed v1ew of the ﬁ;

roughness of the var1ous courses

' The histor1ca1 data of Tab]e 9 1nd1cates that construct1on of :

’ ‘the top course on the average w111 remove about ha]f the stralghtedge o

defects in the b1nder It fol]ows tnen that a ]1m1t1ng or target va]ue
of about 6 to 8 defects or 1. 5 to 2 percent defectlve 1ength or 1ess .
shou]d be sought for the b1nder 1n order to achleve surface course

va]ues for these parameters that correspond to. "acceptab]e" r1d1ng

» qua11ty S1nce the expected average base to b1nder 1mprovement is also

about 50 60%, when the number or 1engtn of base course defects exceed

about 12 to 16 or 3 to 4 percent reSpectlvelv, one m1ght s1m1]ar]y'

expect a potent1al prob]em 1n ftna]ly achtev1ng acceptab]e r1d1ng
qua]1ty. | | | |
As 1nd1cated in Tab]e 9 the average 1mprovement 1n Roughness
Index from flrst to- ]ast pavnng course. amounts to about 80 1nches/m1]e,
and the 1mprovement from f1na1 base to. r1d1ng surface averages 50 1nches/m11e

In compar1ng the roughness 1mprovements 1nd1cated by the stra1ghtedge

’and roughometer, there 1s an apparent d1spar1ty between the two devices:

The largest average decrease in defects (base to blnder) corresponds to

-the sma]]est roughness andex decrease, wh1]e the sma]]est stra1ghtedge

r~decrease (b1nder *o top) yte]ds the largest roughness 1ndex 1mprovement



© TABIE 9:

Average Level of Roﬁghness Qn.Intermediate
and Final Courses of Bituminous Projects

Paving
Course

STRATGHTEDGE DATA

" ROUGHOMETER DATA -

Number of
Projects
- Tested

Average
Defective
‘Length

'Average
Number

| Number of

Projects

: Tested

Average -
Roughness
Index

. Top

: (O-Zl)*v

PR I WY
1 €0-3.5)

16

95 in/mi
(70-117)

 Binder

ey S 3.1%

(=

0.8-5.7)

125 in/mi
(97-153)

- Final v
Base

Y 32 | 6.82
. (10-56)

(2,0-11.0)

{142 in/mi

(118-158)

First

 Base:

(11-96)

(1.3222.0) §

178 in/mi
(157 & 200)

*range of

data for projects tested
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”pav1ng courses are not un1que to e1ther the pav1ng in thxs state or the

'rollxng strawghtedge For examp]e, in a Colorado pav1ng study

;]BBower, L. C and: Gerhardt B. R, "Automatlc Controls on Construction

‘”f Such’ d1fferences between the reduct1on in measured surface 1rreg- o

-u]ar1t1es and the 1mprovement 1n roughness 1ndex for 1ntermed1ate

18 in. wh1ch A

'surface 1rregular1t1es were expressed in terms of prof1]ometer output

(unlts slope varlance) a 12 un1t reduct1on in prof11e 1rregu1ar1t1es

' accomp11shed in- the 1aydown of a second base course corresponded to a

’ roughness 1ndex reduct1on of 35 inches per mzle In contrast a reduction ,‘

of only 2 un1ts between b1nder and top course on th1s same proaect was_“

~ equ1va]ent to a 45 1nches per m11e decrease 1n roughness 1ndex

The 1nd1cation that a large decrease in stra1ghtedge defects on f

a base course may not resu]t in a proportlonate decrease in. roughness

~{ndex is be]1eved to result swmp]y from the fact that a 1ower course | '1-'“ -

genera]ly conta1ns extens1ve surface 1rregu1ar1t1es of re1at1ve1y hlgh

magnttudev As»was prev1ously observed 1n the (surface course) corre]at1on i

. p]ots, a re]at1ve1y sma]] d1fference 1n roughness lndex can be expected

between pavements hav1ng "many" and "very many" 1rregu1ar1t1es (i.e.

straightedge data’ fajllngl1n the non-]xnear portion of the-best:f]t_

curve).-

A contr1but1ng factor to the larger average decrease in roughness

»index re]at1ve to the reductlon 1n stra1ghtedge defects: accompllshed

from binder to top course 15 that blnder course apparently conta1ns

Equipment: State of the Art," HRB Record 316, pp. 9-10 (]970)



defects not me35ured by fhe étraightedge., Textural and long wavelength
are the most probable noh-méésured defect#. Elimination of these defects
in fhe top course will lower the roughness index even ifbthe measured
level of defects‘remains:fhe same. |

The presence of thése binder course irregu}aritfés detected by
the roughométer'but net by the 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
séctioh of top course having the samé severity of'straightedge defects.
This difference in Roughness for binder is generally ét'least 20 inches
per mile above the expeéted average‘value for top course.

Since the distributidn of‘these unméasured defects betwéen

ftextura]“ and’]ong wavelength irregularities is not’knoWn, their
influence on:the'riding’qbality ultimately achieved cannot be precise?y
determined. In general, however, it seéms reésonab]ﬁ’to assume that if
thé higher roughometer readings for binder are principally a question of
texture, an increase in rideability beyond the relative decrease in
measured defects would a]ﬁost automatically result.‘ In such cases,
. the resu]tant improvement might be expected to be of some relatively
fixedvmagnitude, the actual value of which would be dependent on the
" materials and construction techniques of the partiéu]ar project. On
the other hand, if long wéve1ength or other non-textural roughness is
a squrcebof'the higher binder course rdughometervreadings, their

elimination is equally as dependeht as that of measurable defects on
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the app]icatfoh of proper-co?struction practices. Perhaps tﬁe most
importaht'pbintrih this éohnection is that since there is at least

a possibi]ity’that unmeasured surface irrequiaritiESvmay reflect into
and detract from the riding quality of the finished surface, it is
even more impérét?ve that measurable defects be héTd in check thruout
the constfuction; |

4.5.3  Roughness Improvemwhts for End*vidual Projects: A summary of

>‘strawqhtedqe and roughometev data for consecutive sectaons of final
base thru top course from seTecfed proaects is presented in Tables
10and 1.
Examination of the course-to courée d%fferentes ﬁﬂ'straiqhtedge
: data (Tab1e 10) indicates thét there is a general trenévfor.the reduction
achieved in a course to be proportional to the extent of defects 1n
the previous course. |

Whmle it might be expected that removal of the Tast increments
~of straiqhtedqe roughness wou!d be Tncreasnngly mere difficult as the
potential sor»remova]_decreases (v e. as the qenera] quality level
improves), there égian indicatﬁon that at least on some projects, it
in fact apparently becomes more difficuit'to avoid an increase in
defects. . That is, as sh§Wﬁ'in Table 10A, the projects displaying the
Towest average number of binde? defe;ts have theﬁhighest percentage of
sections showing either né changevor an increase in defects,»}This
effect is most pronouncedi@ﬁ the samp%ed-pwojecf showing the lowest

average level of binder course defects: 1[-80, Section 1L. On this



Table 10: Course-to-Course Differences in Bituminous Pavement Roughness Based on Straightedge Data‘
10A: Binder to Top Course
Average Differencé in
“~PROJECT No. of Number No. of Defects | Defective Length Straightedge Defects
Final  Sections Showing ‘
No. Section Rating Tested Improvement Binder | Top Binder Top Number | Defective Length
1 {I-80,1L Fair 33 .12 of 33 4 6 0.8 1.4 e +0.6%
' (0-30)#*| (0-37)| (0-9.4) (0—8'7), X (8' per 1/4 mi.)
2 {1I-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')
3 {I-195,2483A | Poor 10 6 of 10 20 | 14 3.75 | 3.18 -6 -0.6%
' - 1 (12-47) | (3-25)|(1.8-8.9)|(0.8~5.2) (8")
4 {1-80,1M Poor 9 Tof 9 21 15 3.7 4.4 -6 -1.3
, (13-36) | (7-28) | ~-—- e (17')
5 |1-287,7D-9G Good 2l 22 of 2k 353 3 7.53 0.4 =32 -T.1%
(5-106) | (0-15) {(0.7-24) |(0-1.67) (93")
&tabilized base; binder not used on project *range of data for projects tested
10B: Base to Binder Course v
Base | Binder| Base Binder
1 |1-80,1L Fair 27 25o0f27 | 11 | 3 1.9 0.5 | -8 -1.5%
' ' : (2-47) | (0-9)| (2-8.9) KO-1.74) (20")
2 |I-280,1B-5P | Fair 110 A1l 27 | 13 6.8 2.5 | -1k -h.3%
T (13-49)] (3-32){(1.89-19.2)K0.5-6.1) (57")
3 |1-195,2A%3A | Poor 3 A1l 73 21 10.1 | 4.2 -51 -5.9
(51-103)(16-24) | (6.8-14.3) ¥2.7-5.5) (78*)
| (20-117X(13-36) - - (130")
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TABLE 11:

Course~to-Course Differences in
Bituminous Pavement Roughness Based on Roughometer Data

Excellent

11A: Binder to Top
Project Final ‘ Roughness Index
Riding Quality Number of "Number ‘Showing| " Average
No. Section Rating | Sections Tested Improvement "Binder Top Réduction
1 | 1-80, ™ Poor 12 ALl 156 | 122 | 34 in/mi
: (131-192)(100-140)
2 I-195, 2A&3A Poor 10 All | 143 117 26 in/mi
1 ‘ S I r»(122—l71)(104—131)~'~~‘ e -
3| 1-205, 15 Good to 14 ALl 97 63 | 34 sn/mi |
: Excellent v (90-108) (56-68) -
11B: 'Base to Binder
Average
Base Binder Reduction
1 I-80, 1M Poor 12 9 of 12 177 156 { 23 in/mi
. (136-219){(131-182)
2 1-195, 2A83A Poor 11 All 153 | 129 | 24 in/mi
\ o (138-170){(115-142)
3 I-295, 1S Good to 14 ‘All 124 97 27 in/mi.
: (108-140)] (90-108)|

~p8-
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progect 21 of the 33 tested sect1ons d1snlavpd an 1ncrease in defect1ve
length from blnder to top, on 12 of which the addition was greater

than the‘acceptabie Timit for stra1ghtedge defects (i.e., LD > N.75%).
Agéin, when 1argé decreases in top coufse defects on the individual
sections of this project were observed, they were accompiished on those

, . j
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 c0ursé—to—course improvemeﬁts in straightedge defects on the
individual projects of Table 10 thus show considerable variation compared
to the average feductions on which thebruTes-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 leastinitially be viewed as the ggggglboundary for
a11owab1é defects on future‘projects, particularly in the case of binder
course.v ”

The course-to-course Roughness Index improvement for several
prOJects is shown in Table 11. The most sﬁqnificant point in connection
with this data is that the average improvements ohserved on our hest
riding project and on two of the poorest are almost identical: about
25 iﬂéhes/miﬁe from base to binder and 3N inches/mi!é binder tovton, or
a total of abGUt 55 inches from base to ton. |

'These simila? average improvements noted-do not appear to be
unique to the three samples shown ﬁnasmuch as the avefade base to top

imorovement noted on sections from three other projects is on the same
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order of magnitude (Shecifital]y: 40, 42, and 69'inches per mile).

The average total course-to-course imprévement for the six samoled
projects is thus about 55 * 15 inches per mile. This indication

that there apparéntly i§ a re]éﬁivé]y fixed roughness index impfovement
that can be expected further emphasises the fact that.care must be
exercised in hoidﬁnq sukface irrequ?aritiés te‘thé minimum even in the.
first course p1aced | N

4.6 FACTORS INFLUENCING THE LEVEL OF BITUMINOJS PAVEME?T RIDEARTLITY

ACHIEVED IN NEH JERSEY ,
4.6.1 General: It is axiomatic that the-dchievement of aquality
hiqhway‘constructﬁon of ény:type depends on’thevadequacy of‘three
construction inputs: men, materials and equipment, A relati?e
deficiencyvfn any- of these inputs -- even,in‘the face of a 3uperiority»
in each of the others --.can result in unacceptable quality.

In ﬁhé case of paVement rideability fn.partiCUTar, the number
of such possible deficiencies_arevsubstantiaT; One publication'®
alone indicates some twenty potential causes of a rpugh, uneven
bituminous riding surfacé' The specific rideability Tevels achieved
on par+1cu1ar proaects in this state are thus unquest1onab!y 2 functwon
of the control of many d1fferent, sometxme% 1nteract1nu actors.

The following is a d1scussxoq of whatare felt to be the most

significant influences on the riding quality of bituminous pavements

in New Jersey.

19 “Asnha1t Paving Manua1" The Asphait Instvtufe Tah1e A- 31, p. 161 (1965).
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4.6.2 Use szAutomated Pavers: As 0rev1ous]y 1nd1cated there is

a trend for New Jersey' s more. recent b1tum1nous construct1on to be
the smoothest. ‘The'most 1mportant factor in th1s 1mprovemenf in
rideabiiity.is’fhe'insreasinq (now requ1red) use. of pavers @qu1poed
thh automat1c grade* contro]s |

| With the exceptaon of one contract a11 Droaects surveyed
to date which were constructed us1nq automat1c controls have received
at least "Fair" ratings, with the1r average roughness (80 inches/mile)
corresponding.to an FHWA "Good". 1In contrast, the samn!ed Droaects
constructed with conventionally controlled nayers have at best
received "Fair" ratings and average "Poor" (105 inches/mile).

While genera?]y imhroved riding quality results have been
obtained in this State with grade references ranging from a
simple ski to high-type erected strinq]fnes, experience on certain of
our projects has confirmed'performance requirements 10nq-known by
the paving 1ndﬁstry."That is, automatic controls must be used
properly and must be aqcompanied by;féVorab1euconditions'of
workmanship‘and materials if the smoothness potential of the
equipment is to be realized, indeed, if the work is to be accentable.
An exampWe‘of the extent to which less than complete

observance of overall good construction procedures can outweiqh
the contrabut1on of automatic paver controls has been doscr1bed in

a reportzo on the Route I-80, Sect1on 1M paving exnerlment Here

*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 contr1but10n between grade and feed controls
cannot be determined. : :

20up Comparative Study of Thick-Lift and Standard Bituminous Stabilized
Base Construction", N.J. Department of Transportation Research

Report 72-003 (December 1971)
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the‘conduct of construction basica]iy as a stdp-and—go operation was a
fundamental factor in negatang the beneficial effects of the paver s
_ automated contro]s |
| ~ In the cited work the eastbound roadway of a 2-mile, six lane
facility was constructed exc]us1ve]y with a paver equapped with e]ectronmc
grade controls while the‘westbound roadway was placed with the same paver
and conventional éontro!sﬂ The two roadways were found to have almost
identical roughness at the levels of both binder and top course, with
~each receiving a_ "Poor" fihal rating The sampled sections of top course
from th1s project in fact showed the most extensive strawgntedge surface
defects of any progect stud1ed in this researcn._ The particularly disap-
pointing nature of this finding can.be-appreciated for the fact that the
work was in part'specificél]y undertaken to showcase the results obtéinable
with automatic paver contfo]s'preparatory tovthe'adoption of specification
requirementS'for their use. (“Good“ to ”Excél]ent” rideability had been
obtained on two projects bui]t with aﬁtomatic controls ih the preceding
construction:season.) | i |

An exampie of the extent to which different methods'of dep]oying
- grade contro]s for a given paver can affect r1deab1]1ty was prov1ded on
the Route I- 287 Section 7D 96 prOJect. As prevxously noted, the
pavement sect1on»of th1s»571/2 m1]e- four-]ane d1v1ded facility cons1sted
of two, 4-incn lifts of bituminous ;tab111zed basc,topped with a 2-inch

riding surface.
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» Just pr1or to the beglnn1ng of pav1ng on the southbound roadway
o of ‘the subJect proaect stra1ghtedge measurements were made on the h
':'comp1eted stab1]1zed base on the northbound roadway Thts stra1gntedge
dsampllng revea]ed not on]y a h1gh number of defects, but a genera] pattern
‘1n wh1ch,the number andA}ength*of devaattons:1ncreasedrfromﬂthe_tnner to: .
"outernost'wheelbaths‘(average-difterence“/315'defects4peraquarter miie). B
Th1s pattern of defects strong]y suggested that the method of
grade contro] then being used-—sens1ng from an erected str1ng]1ne at
‘vthe 1ns1de edge of'the pavement fo]Towed thru with automat1c s]ope control-—_
| wasbinappropriatethr the ]ttt thickness and (partlcu]arly)‘thev27"foot
'wfdth of paving Consequent]y, it was suggested to the contractor that
an ava11ab1e 20 foot long, footed sk1 be used- as an addlttonal reference
‘_u,on the. outer edge of the paver in. ]1eu of the slope controt
The contractor res1sted such a change, but did agree to a fle]d
comparlson of the two methods of contro] In th1s compar1son test1ng,
‘rol11ng stra1ghtedge measurements made on:a random]y se]ected 1 OOO foot fe
».sect1on of base constructed us1ng the str1ng]1ne/s]ope control method
viere compared to'a sect1on of equal 1ength constructed the same day usxng
the suggested sting]1ne/footed ski- referenc1ng system L e
‘ “As shown in Tab]e 12 ~the base course bu11t us1ng the s]ope '
‘}xcontro] continued the trend observed in the adJacent roadway, with ‘the |
ktota] 1ength of defects near the outer. pavement edge 1n th]S case be1ng
'tw1ce that of those on. the 1ns1de The use of the a]ternate method of

grade referencang not on]y reduced the transverse var1at1on in defects,



TABLE 12: COMPARATIVE STRAIGHTEDGE DATA FOR THICK-LIFT,

DOUBLE LANE PAVING USIN

CONTROL

(Route I-287, Section 7D-9G)

G TWO METHODS OF GRADE

First Methbd: erected.stringline“

plus slope control

Second Method: erected stringline

plus footed ski

Inner Lane Outer Lane  Inner Lane Outer Lane

Inner Quter 1 Inner Quter- Inner Outer Inner Quter

Wheelpath | Wheelpath | Wheelpath Wheelpath § Wheelpath | Wheelpath Wheelpath | Wheelpath
- Number of | :
Defects > 1/8" in 10' 29 v 31 33 LY 18 14 9 15 -
Average 34‘defects per 1000 feet 14 defects per 1000 feet
Percent Defective : T , o » . :

‘Length 6.6 6.5 9.8 13.8 5.7 5.3 L 2.2 5.0

Avexage

9.2 percent

4.6 percent
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lbut halved the1r overa]] average number and 1ength As a consequence a
g -doub]e reference system was used for construct1ng the rema1nder of

i the prOJect (Interestxng]y, a samp]e of fol!ow up measurements made

on the next day S work conf1rmed the relatlve efflcxenoy of the a]ternate »

» system, an average defectlve length of 3 percent belng observed )

4. 6”3 Ma1nta1n1ng Untform Forward Motton of the Paver Pav1ng manuais

and handbooks untversally caut1on that the ]aydown operatlon should proceed

1nat a speed whlch 1s both reasonab]y constant and coord1nated w1th the
-vrate of mater1a1 supp!y Errattc paver speed can 1ead o an overa]l
‘*mpattern of wav1ness due to 1nduced var1at1ons 1n den51ty and thlckness,
7J:wh11e an over]y fast speed resu]ts 1n unnecessary stops and starts and

'allted surface defects. o

Errat1c or stop and -90 operatlon has been 1nforma1]y observed on

a number of New Jersey prOJects and for dxsparate reasons In one

“1nstance, for examp]e, 1nterm1ttency resulted from thefuse of aypaver

. equipped w1th a screed extens1on but not an adger extensaon On some

other progects,_the cond1taon appeared to be the consequence of the ,

7workmansh1p of operators who seemlngly are mottvated by a des1re to

'provade frequent work breaks

As prev1ous]y a1]uded to the poor r1deab1]1ty obtarned on the

1-80,v1M proaect was 1n part due to the stop and—go nature of the

H"loperat1on At one po1nt in this constructaon, for example, a paver speed N
| of 56 feet per m1nute was be1ng used in the laydown of ad 1nch base o
-‘belng supp]1ed to the JOb at an average rate of 100 tons per hour That

:_th1s speed was excessive can be apprec1ated from the fact that constant

-
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operation at 56 feet per. minute for the given mat width and thickness
would require an average material supply 10 to 11 times greater than
that,actually provided._ In other words, only a small fraction (1/10)
ofrthe working hour could be used-productively at the given'rateS‘Ofgs
- laydown and supply.- Further, even with a fu11 hopper, the (originally

| supp]ied) slat conveyor system could not furnish material to the spreader

fast enough to maint "”4akconstant speed. Consequently,'the‘paver was
forced to stop at about 10 foot intervals to feed material These
frequent stops to feed materiai as weil as those waiting for resupply
resulted in 1/8 to 1/2 1nch deep screed marks in the mat surface which
were not eliminated on subsequent roliing

S The pattern of straightedge defects on 500 feet of the early
‘paving on. the I 80 project, annotated to identify truck p1Ck up p01nts o
‘and a construction 301nt,1s presented in Figure 24 As shown, -each

- point of resupply in this particular length of pavement had an associated
fudepre551on due to screed settiement occasiona]]y c]ose]y preceded or
f;foliowed by other defects,‘;Thevmagnitude,of_these.defects 1n;§ome cases |
reflect a truck backing into the paver*f'The interesting pointiin o

connection with the start-up operation (Station 3+30) is that the 1ndicated

considerable length required to obtain a relatively defect- free operation e

) (i €., the length of the paver or more) is not unique to the I-80 work
' Several points are of significance in connection w1th the o

possibilities for stop-and-go operation on future New‘Jersey projects:
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FIGURE 24!
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| F1rst, wh11e some’ fve]d experlmentat1on certainly may be requxred
to match paver speed to. mater1a1 supp]y, sumple (yield supp]y) calculatlons
: obv1ously should-be'made or spec1a1]y-prepared tables consu]ted to give
a reasonab]e approx1mat1on of the appropr1ate speed to be used. At a'
: m1n1mum, such would prec]ude gross m1smatches in laydown and supply rates

‘F1gure 25 is an examp]e of the ava11ab1e21

charts that can be used for
gu1dance in coord1nat1ng paver speed and mater1a1 supp]y |

Second]y, a recently added prov1s1on to the New Jersey Standard
“Spec1f1cat10ns-—a requ1rement for eche1on paving on all courses»-can be
expected tp aggravate or create the potentaa} for a stpp-and-go operation.
Thisiresults since:a:relative]y 1arge"increa$e’in material supply or a
decrease in‘paver7speed nill'be‘reqUired‘fcr‘the echelon mode of paving.
.Add1t1ona1]y, a re]at1ve change in e1ther mater1a1 supp]y or 1aydown rate
will also be required on those proaects emp10y1ng th1ck-]1ft base _
construction, a techn1que which this . Department is 1ncreasangly w1111ng
pto perm1t In comb1nation, eche]on and thlck~11ft pav1ng cou]d pose a
'monumental problem in prov1d1ng adequate mater1a1 supply

AWh11e thls Department has considered requ1r1ng‘a minimum rate of
' supp]y on at 1eastasome pnOJects (e.g,, thick;]ift work) as a measure to
"minimize 1ntermittency of?paving,’prOE]ems were foreseen in the enforcement
of such'provis{cns A]so, the prov1s1on of -an adequate supply of mater1a1
and ma1nta1n1ng contanu1ty of laydown fundamental]y appeared best to be
the province of the Contractor.; Adoption of a penalty schedu]e for
| defacient pavement riding qua]1ty would however, prov1de an 1nd1rect

control over the contractor S operatmon 1nasmuch as stop -and-go work -

wou1d have a h1gh probablllty of recemving pena1t1es
| ' ‘

“3'2]ioste§, C R. '"Smooth Pavements", Natlona1 Aspna]t Pavmng Assqc1ataon
(1973 E T ,
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o 4'6!4 rFrequehcy‘ofmTransQerse Joints-‘ The-majority*ef‘bituminous‘: -

. proaects studxed in th1s research were bui]t under specmfmcataons which
‘required that when 1ess then ful]-wadth pavmng was emp}eyed (the typﬁea!
"casef/ -the spreadlng and f1n1sh1ng operatnon cou]d not be advanced for
z.more»than 500 feet or one»hour. when that mat iength or t1me was reached
bthe paver was requ1red to- move back and: resume ‘paving 1n the adjacent
1ane As resu!t of th1s prov1s1on then, a quarter m11e of pav1ng ‘could
be expected to conta1n very near]y three construct1on Jomnts

‘ As,prev1ous]y notedi1n.F19ure 18, a batuminous surface ceurse -
containing six,defects‘pem%qUarter miie‘typieally receivesicnly a "Fair"
r1deab11ity rating ’Thus,iif’surfaCe?ceurse‘defeCts introdUCed'during
"the start -up at JOlntS were held to a maximum of on]y two per- Jo1nt thxs
'aspect of the paving operatmon a]one wou]d cause the pavement to have

less than “Good" rading qualxty Important]y, 11m1t1ng the number of

"defects to two at a construct1on JO]nt or even to the same magnitude

o and length as those eisewhere in the met wou]d, in a number ef cases, be

a very sxgn1f1cant 1mprovement In a few extreme cases studned a]] of
' the defects occurr1ng in a quarter—mile sect1on have been assoc1ated with
the resumption of paving at‘a Jo1nt | |
Rea1121ng the difficu1t1es 1n achaev1ng a smooth ride in a "‘
'ipavement conta1n1ng numerous transverse Jo1nts,‘the Depertment in mid- 1970
f changed the §tandard Spec1f1cat10ns to al1ow laydown to extend to a max1muml
s_of 1500 feet or such d1stance that the . mater1a1 at the 10ng1tud1na1 Jo1nt
could be malntavned at not 1ess than 150°F _Whether the reduction 1n B
~joints. germitted by the ]500 foot a]lowance is actual]y achleved on '
| s?future work obv1ous1y wa]] depend on: the quantmty and quallty (1 e s

| temperaeere) ef materxa!s supp11ed to the job.
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"fft experience strong1y suggests that a number of addit1ona1 factors have o

 of this study d1d not permtt‘mak1ng any determ1nation of the re]atjve, , ’; D

'*difficu]t-to-construct macadam base course* on about one-thxrd of the

| 4.6.5 Other (Noﬁ;quantifiam e) Factors: Apart from the '—*précédi‘hg;, |

[ TR

,1nf1uenced New Jersey pavement r1d1ng qualtty and in partxcu]ar, the

1nd1cated trend for 1mproved rideab1]1ty resu!ts These factors vf,‘ SO ‘ R

- relate to. the smoothness quality. of the non-bttumtnous courses of the

| pavement structure, the method of payment “for bxtumlnous pav1ng, and a

spirit of "Qnality Consc1ousness" on the part of State and Contractor

personne] Unfortunate!y, wh11e the effect of these factors has been

noted by other 1nvestigators, the1r sgecif1c influence on radeab11ity

in our state cannot be quanttfied due to either the absence of research

,contro]s or their essent1a1]y subJecttve nature

Qua11ty 1eve1 of. non bituminous courses * The roughness equ1pment o

roughness of courses under]ytng the bituminous structure.; H0wever,”if'"“}f-,'f .
- one. accepts the prem1se that the achlevement of ‘a qua11ty f1na] r1d1ng : |
* . surface is the resu1t of a concerted effort at each preceding ]eve} then

it seems reasonab]e to assume that the h1stor1ca1 trend for better New N

Jersey bitum1nous rtdeabillty must at 1east to some extent be a reflectaon

~of the tncreasing use of automated fine grad1ng mach1nes for base and
fsubbase courses. The use of this automated equ1pment has 1n part been
-'st1mu1ated by the\fact that the necessary (erected str1ng11ne) grad1ng

o reference 1s now requlred for subsequent pav1ng

Sim11ar1y, 1nforma1 observataons suggest that the use: of a |

';»:*Consisted of nominal 1 1/2 or 2- 1/2 1nch aggregate wvth surface and

inverted chokes of screenings. Speciftcataons perm1tted a maximum ‘71 :
surface varwatton of + 1/2" 1n 16' L o e o
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}'proaects stud1ed in th1s research in some cases was a- factor in the
u]timate level of r1dtng qua1ity obtalned In-point of fact, “the
‘difficu]ty in achteving al relat1ve1y smooth pav1ng platform u51ng
macadam base was a cons1derat1on in the Department S decas1on to
‘e11m1nate thts 1tem from pavement desxgns subsequent to -1970. ”

Conf11ct between squareyyard payment and thtckness pena]t1es

_for bltumireds<pavement "Unt11 recently, New Jersey prOJect spec1f1cat10ns

prov1ded for the payment of b1tum1nous pav1ng courses on 2 square yard
bas1s and the assessment of penalttes for def1c1ent th1ckness »

It 1s wel] known22 that an innate conflict exists between the
; atta1nment of a m1n1mum thlckness and smooth rtde when payment 15 on-a
-square yard ba51s.- That 1s, 1t isa pract1ca1 1mpossxb1}1ty for the
‘contractor to provade the variab]e thlcknesses necessary to correct for
‘surface 1rregular1t1es in the preced1ng course and aiso ma1nta1n a minimum )
th1ckness w1thout 1ncreas1ng the materaal quant1ty on which h1s btd is
predicated o ‘ | | k

In New Jersey, th1s confllct between r1deab1]1ty and th1ckness

was genera11y reso]ved in favor of th1ckness That is, the formalized
sampling p]an for thickness.determ1nat1ons and attendent computatiena1
requ1rements for pena1t1es automat1ca11y 1nv1ted close adherence to the
-requ1rements In contrast ‘the data of this study 1nd1cates that surface :
“tolerance requ1rements-~for which no formal samp]xng plan is prov1ded or

data reportlngtrequ1rede—were'on1y Sporadwcally enforced. ~Add3t1ona]]y,

2"Sympnswm-—-Thukness Var1at10ns of Aspha]t Concrete", AAPT Proceedtngs,

Vol. 33 (Februauy 1964)

3
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, ZIOp;;ctt.’

~on at least two proaects where automat1c grade controls were used on -'
'1ntermed1ate courses such contro]s were suspended on the top course

- and the paver set and operated to achxeve a untform th1ckness Tnxs

appears to be further ev1dence of whlch opt1on a: contractor would e]ect

‘when faced wath a smoothness/th1ckness conflict

Since payment on a square yard bas1s can: 1nh3b1t achaevement of

good riding onality in general and. the ach1evement of the fu!l

| potentia] of e]ectronica]]y contro]]ed pavers 1n part1cu1ar, provastons

for tonnage payment were incorporated 1n Department specafacat1ons at

“the time automated pavers were requ1red

"Smoothness Conscaousness" «In ach1ev1ng a quallty 1mprovement

' 1n any 1tem ‘of constructton, the necessity for an awareness and

acceptance of the problem fo]]owed by. p]anning to execute the 1mprovement

. is se]f-evident The presence of . a- cont1nu1ng awareness and concern for

qua]1ty 1n project plann1ng and executaon 1s, 1n turn, reflectaon of

‘the successfu1 appl1catton of the essentia]ly subgectwve processes of:
management and tra1n1ng and the even. more e]usave qua]ltles of professmona]ism‘

‘1 and pride of workmanship

In app1y1ng these concepts to b1tum1nous riding qua]1ty in particu]ar,~

-Char]es FosterZ] of- the Natlonal Asphait Pavxng Assoc1at10n has. 1nd1cated
5_the necessity for re-establtsh1ng a Splrlt of "Smoothness Conscxousness
‘vextend1ng from top management to progect ]abor. Foster notes for

_vexample, that contractor management ‘must be w1111ng to allow smoothness

consaderations to take precedence over productton in some cases. The

deve]opment of such a sense of smoothness conscaousness is obvzously

: equal]y app]icab]e to State personnel
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In ?eceht years, there'havé been renewed efforts on the part
of this Departmeht an& thé New Jersey Asph@ﬁt Paving'Assecéation directed
at stimulating such smoothness consciousness, Within the erartm@nta
| these effovts héve'taken tha fo}m‘bf't$aiming'seminars'@n paving
‘equipment and techniques aé"wé?i as pfesent&tions £0 éperating‘pers@nneB
on frends in New Jersey pavement rideabi!%ty, Additionally, an annual
series of luctures at Rutgers University which»have‘bgén increasingly
or exclusively devoted to 5iiuhinaus‘payement rideabf?ity have doubtless
stimulated a kEgner awar@méss of'the nEed‘far'and methods of achieving
improved riding quality. = = | |

In spite of the subjecﬁ%ve‘nat@ha of smoothness consciousness,
camparison of the rideability results between the I-80, 1M and 1L
' .projécts—-each:bwiﬁt by thé sémefcentractor~-yieﬁds some evidenée'of
this‘factgr[at"woék; That is, when confronted with d@cumentatign of
the poor reéu]ts on tthEprrojECtg thé'President‘of the contracting
firm indicated that his first reaction was  to determine "who to sue or
who to fire." On t@evc@mpahy“s next (1L) project--located in the same
physical surfc@hd%mgs and s@perVised by the same‘State‘Resident»-a
number of meaSuvesvwereuandértaken %0 Qvercame shortcomings noted on the
preVious project. Thése meésurés ihcluded:purchaSe of a new pﬁvera
‘equipped With high-type‘grade controls and furnishing a high production,
on-site asphalt plant. ﬁoméarison of straightedge data made on the two
projects indigated that the contraﬁt@r‘s w@kk hadiadvanced from ﬁoséib?y
the worst to one Qf the bettar’riding New dersey’jdbs; The firm thus
deserves a,meaéure of c@ngratuﬁatfans ?@r the spirit of pr@fesé%anaiﬁam

evidenced in the marked impravamentvbetween Jobs. 'whiie it should be
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apparent 1t is worth emphas1zing that certa1n of the measures undertaken :}1"
on the 1L proaect were equa]1y benef1c1a1 to Contractor and State \Thev”°'”
*‘provis1on of " an 1ncreased supp1y of materla] (about 300 versus ]00 tons '
per:hour) not on]y served to m1n1m1ze the potent1a] for stop-and go v o
: operation and a111ed defects but also maxxmtzed the contractor s prof1t
potentials '>4 o u.‘» 71" : ‘4p o B |
| }}-As a means of emphas1z1ng th1s Department s 1nterest 1n ‘
p:achieving good rideab111ty to State and Contractor personne] and to- the o
rrmotoring public, ‘the. furnishang of an. annua] pavement smoothness” award
(or awards) has been-considered Such a proposal has not been implemented |
s1nce, at least at certazn per1ods a New. Jersey pavement smoothness
award wou]d have been somethlng less than mean1ngfu1 However, stnce
| roughness data for some of our recent flexib]e pavements compares
. favorab]y with that ach1eved 1n other statesaklt 1s be11eved that a
- "Smooth Pavement" (based on rideab1iity a]one) or "Good Pavement" (a]]
‘aspects of construction qua11ty con51dered) award m1ght now be feas1b1e
In de11berat1ng the merlts of an award proposa], 1t is the wr1ter S
- opinion that some thought shou]d be g1ven to prov1d1ng a monetary pr1ze
”, to the State personnel produc1ng the best r1deab1]1ty ($400 is. awarded '

: vin one state)
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'PART ~ PROPOSED_ PENALTY SCHEDULES FOR DEFICIENT PAVEMENT RIDING QUALITY

5.1 INADEQUACIES OF THE PRESENT SPECIFICATION ,5
' New. Jersey S current surface smoothness spec1f1cattons possess
a number of shortcomlngs % , | |

Lack of spec1f1c samp]ang p]an New Jersey spec1f1cations

1nd1cate only that b1tum1nous and (plastlc) concrete pavements "shal] -
be tested s wh11e the "ent1re" (hardened) concrete surface is to be
checked for conform1ty No report of the stratghtedge data obta1ned is
requtred for elther type ofwfin1shed pavement In the absence of a
samp]ing plan which is both reasonab}e and flrm and w1thout an assocaated
"report1ng requ1rement, test1ng may or may not be performed

Choice of to]erances The present specxfxcat1on requ1res zero

straightedge defects ' "a]]" proaect1ons and depre551ons exceed1ng 1/8 ;; '
‘1nch 1n 10 feet are to be corrected by removal and rep]acement in the case.

of b1tum1nous pavement, or "as d1rected or: anproved" in the case of concrete.
However, as has been descrtbed research data conf1rms what might be |
"expected 1ntuitive1y It 15 not necessary for a surface to be comp]etely
 free of 1/8 1nch defects to obta1n acceptab!e r1d1ng qua]1ty Further,

for proaects havxng some manageab1e number of defects, 1t is more reasonabler
to assess monetary penalties to some proportxon to the1r 1nf1uence on |
r1d1ng qua11ty than to a1ways requfre remova] and rep1acement.

Iype of test1ng devxce The surface is to be tested W1th a.

,"10 -foot stra1ghtedge“ : Us1ng an ord1nary (non rol]ang) stratghtedge, :
_ data col]ectton 1s s]ow and 1abor1ouss and the measured defects may or

may not reflect the actual nature of pavement defects f :
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‘ which would br1ng to bear the greater speed of data col]ectton and

”'Tdes1rab1e in that app11cat1on of the concept of "lot percent defect1ve is

.>5 2 DEVELOPMENT OF ALTERNATE SURFACE SMOOTHNESS PROVISIONS

The deve]opment of a. proposed a]ternate spec1f1cat1on--one

‘ ftdemonstrated relatlonshlp to r1d1ng quality of the rol]1ng stra1ghtedge--1s 'ﬁ

presented 1n step w1se fash1on in the fo]low1ng subsect1ons

-5.2. 1 Cho1ce of ‘the R1d1ng Quallty Parameter to be used 1n Determ1n1ng

"p Acceptab111ty As prev1ous]y noted ro]11ng stra1ghtedge data in

 either of three forms--the number, ]ength or area of defects--y1e1ds an

' equa]]y va11d representat1on of pavement r1deab1]1ty However, the

percent defect1ve Tength parameter possesses the d1st1nct advantage :

“that 1ts app]1cat1on 1s 1ndependent of the quant1ty of pavement measured.

v Thus, the bas1c test unlt “for acceptance purposes (1 e. R the "lot" s1ze)

can be the tota] length of a day s pav1ng, an obv1ous]y varlable quant1ty

»fThe use of th1s part1cular measure of surface 1rregu1ar1t1es is add1t1ona11y %

*f1rm1y estab11shed in the qua]xty assurance 11terature ' It 1s probab]y fora
these same reasons that percent defectave Iength has been used 1n ‘the.

: pavement acceptante schemes of other agencaes

5.2.2 L1m1ts of Acceptab1]1ty for the Qua11ty Parameter Given that

*the spec1f1cat1on w11T be based on a measure of the percent defective

_]ength of each day s pav1ng, gt 15 next necessary to pTace eng1neer1hg

limits on- the defect1ve Tength parameter settmng forth what const1tutes

an-acceptab]emqua11ty Tevel and‘a reqectab]e.qua11ty Tevel.
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In the wrlter s 1udgment a reasonab]e value for the acceptab]e

quality. level is the guide]1ne suggested by the FHwA An aVerage '
“Fa1r to Good“ r1deab111ty rattnq | Based on the corre]ation‘betWeen :
the New Jersey roughometer and r0111ng stratghtedge, th1s "no penalty“v
: po1nt corresponds to a max1mum percent defect1ve of about 0 75 and 3 0

percent respect1ve]y, on b1tum1nous and concrete pavement R |
| At the other extreme; a tota]]y reJectable qua]1ty 1eve1 (i.e., a
| remOVE/rep]ace crwter10n) of "Poor to Very Poor" r1deab1]1ty is thought -
aDDroprlate. : In terms of stra1qhtedge data th1s means that removal
and rep]acement shou]d bevrequxred or a very severe . payment reduction
shou]d be assessed whenever ‘the percentage of the surface exceed1ng 1/8 “
inch in 10 feet 15 3 5 percent or more on a b1tum1nous pavement or 14 0'
1'percent or more on a concrete pavement. Based on the-h1stor1¢a1 data of
this study, when the percent of the pavement 1ength out of specxftcattonf
:hreaches these va]ues there is less than a 3 percent chance that the. |
pavement wa]]_at Qgst;be qf "Fa1r9vr1deab111ty, w1th‘the xpected
average riding quality,rating being about 20 inches/mi1e into the “Poor”
son. R S v}, S “ _ p . : S
As the extent of surface 1rregu1ar1ties increases from the
| acceptab]e qua11ty 1eve] to the tota11y reaectab]e qua11ty leveT, it
v15 apparent that at some 1ntermediate p01nt margxnal acceptab111ty
is reached. _Wh11e numerous posstb]e values of defect1ve length_could {";&
be»conSidered as'margina11y aCteptable, it is concinded that borderline
"Fa1r/Poor" r1d1ng qua11ty shou]d deftnltety be considered of margzna]

acceptab111ty and shou]d have at lea t some assoc1ated pena]ty Thev



-110-

percent defective 1ength 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 Tab]e 13.

Table 13-

Percent Defective Length Values to be Considered in the

New Jersey Surface Smoothness Specification

R Corresponding* Percent
General Type Defective Length
Specifigation Rideability of - ,
thl;%¥ v Equivalent P:gagzy Bituminous Concrete
- Assessed Pavement Pavement
- Fair None 0.75% 3.0%
Acceptable s to .. oor or or
- Good Very Tess less
Slight
" Marginally Fair , ‘ .
Acceptable . te Some 2.0 f - 8.0
Roor ‘
Totally Poor Severe 3.5 1400
Unacceptable to or .or ~or
Very Poor Remove/Replace more more

N

*In each case, values of defective length are rounded off in the direction

of ieniency.
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5.2.3;‘ Deve]opment of Procedures to Determtne Comp11ance w1th the

}Acceptab111ty Standards | Hav1ng dec1ded on. the 11m1ts of acceptab111tys"

 the first step in deV1s1ng a plan to measure the extent to whtch
~future proaects conform to these standards 1s to determtne the amount
of testing whtch m1ght reasonably be performed The test sample 51ze
tn turn is a funct1on of who w111 perform the tests and when, as we]?
as the quant1ty of pavement to be eva]uated ‘ "_ “ |
| In New Jersey,‘ '"typtcal“ day s productton of bxtum1nous

surface course m1ght be expected to consist of pav1nq three-fourths
f of a m11e two ]anes w1de (1 000 tons) Concrete pav1ng common?y e
conswsts of - at 1east one fourth mile,. two 1anes w1de S1nce there
nnare two poss1b1e test 1ocat10ns (whee]paths) per Iane comp!ete
ftestlng of a day's product1on would 1nvo1ve co!lect1on of straightedge
~ data on 3 whee]path mi]es of b1tuminous and one whee]path-mi]e of
concrete Wh11e the time 1nvo]ved in such smoothness testtng vartes .
| considerably depend1nq on the level of roughness, simply pushtng the
device a]ong 3 m1]es of perfect]y smooth pavement wou]d for examp]e,
' 1nvo]ve at 1east an hour : G1ven that smoothness acceptance testtng
should be performed dally and by State proaect personne1, it is be11eved;.
that manpower 1im1tations wou]d permit the. test1ng of only a fract1on '
:of the 1nvo!ved whee]pathlmlles. Consequently, the bas1c samp1ing p1an

) recommended for use in New dersey is one devised by the FHNA and consists

of the fo11ow1ng A Stngle 1ong1tudina1 run extendtnq for the full “,.
length of the day s pavmng is. made w1th the rolttnq straﬁghtedge,
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fw1th the transverse 1ocation of the test (i.e., 1ane and wheelpath)
'”'being determ1ned randomly and varled every 300 feet.‘ Thvs sampltng

n"‘plan would thus 1nvo]ve 50% and 25% testlng of ‘the tota1 whee1path-

m11es of sing1e and double 1ane paving, respect1ve1y

B As in the case of any testing process, the 1ntroduction of

| lvar1ab111ty 1s 1mp11c1t in the dec1s1on to perform 1ess than

7100 percent st awghtedge samp11ng The percent defect1ve 1ength |

obta1ned in the proposed samp1tng p]an thus clearly w111 be. only .

han est1mate of the pavement s true percent defect1ve The strenqth

of this estimate w1]1 be a funct1on not on1y of samp]1ng var1ab111ty,

~ but the prev1ous1y descr1bed varlabwlity of the instrument 1tse1f (Append1x B)

To determ1ne the extent of measurement varlab111ty resultinq

from fractiona! samp11nq, a. 51mu1at1on proce5523 was emp]oyed 1n wh1ch :

’ L the described test1ng p]an was app11ed to actual stra1ghtedge data
records for New Jersey concrete and bitum1nous pavements of vartous
n~roughness leveTS Numerous app11cat1ons (at least 60 and up to 256
dtests per sectlon) conf1rmed the va11dity of the proposed fractiona1,
test1ng p1an with the defect1ve lengths resu1t1nq from individual ‘ 't/t

‘s1mu1at1ons being normal]y distr1buted and d1sp1ay1ng a mean ‘value

1n very c1ose agreement with the actual defect1ve length measured in

the f!e]d Whlle it was expected that the var1abw11ty introduced by -

the samp]ing procedure (expressed 1n terms of the standard deviation
- lstat1st1c) wou1d increase with a reduction in the 1eve1 of testing ‘

and thh an increase in pavement roughness the re]ative magnitude

.23weed"R M'“"Rolling Straxghtedge'Sampﬂinq'Plan‘S1mu1ati0h and

Specification Derivation” (A paper submitted for presentation
“at the !974 HRB meeting) ' R v ,

i
|

v

I




| “of.this‘variabi11ty wasfsqmeWhatvsurprisinQ; particularly in
comparison to instrument'Qﬁfiatﬁan.r A plot of'the respecfive_
standard'deviations associ?tedewith,sampling.and instrument precision
(Figure 26)jindicates that for frectﬁenal samp]ing en,paVements,ofw

" the gehera] roughness Eeveis observed in our State, sampiing‘er?or*

o w111 be the more 1mportant component of variation to be cons1dered

in the acceptance plan. The total measurement varxatlon expected in

. the stra1ghtedge process is determined from the followxng relationship:

i

V/6‘ + 0‘ e (Equation 6)

~ Where GH- , Tota] standard deviat1on of a stravghtedge
:  test result,

' Oy = . Standard deviation associated with a'gfven
S ffractiona] samp1e'size and roughness level.

. Gbés 'Standard dev1at&on associated w1th instrument
,Drec1s1on at a g1ven roughness Tevel.

h

*The described "sampling"-error is a reflection of the variability

of the product (i.e., longitudinal and transverse roughness variation)
as well as the sampling technique itself. The particular variation
illustrated in Figure 26 is for 25 percent testing (i.e., a single
- straightedge pass over two lanes). Based on more limited data, the
variation introduced by 50% sampling appears to be about half that
of 25 percent sampling. Thus, the samplwng error expected from a

'single pass over a pavement laid in a single lane will be about half
s}that for the same product1on p]aced in two Tanes.
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STANDARD DEVIATION OF THE MEASUREMENT

. (PERCENT DEFECTIVE LENGTH)

FIGURE 26° EXPECTED VARIABILITY IN THE STRAIGHTEDGE PROCESS:
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In the present app]icat1on the precedlng tota] stra1ghtedge
,‘process var1at1on wm]! ref]ect on the acceptance p]an as an uncertaintx |
in. d1fferent1at1nq between any g1ven quality levels Thts uncertatnty E

~in turn requ1res that the acceptance scheme be so constructed as to
" minimize rasks ‘such as wrong1y accepting pavements of poor rtdeathatv

or re;ectinq those of good ridtng qua]ity ' T o

Flgure 27 il]ustrates the expected (normat) d1stribut10n of '
defect1ve length measurements resu]ting from a single pass over |

' concrete pavements respectively hav1ng rtdtng qua11ty correspondino »

“exactly to the three standards of acceptabiltty acceptable, marg1na11y

: acceptab1e, and total]y unacceptab1e As shown 1n thls f1gure, a -

~ number of poss1bi11ties exist as to the exact va1ue of defectwve |

length to be used as the onset of penalties. For examp]e, if 1t

were dec1ded to never pena11ze acceptab1e work a defect1ve 1enqth of _a
6 percent cou]d be adoptedmas the no pena1ty demarcatton If this tf “

" were done, however, a 1arge proport1on of test results from marg1na]1y ,
acceptab]e pavement wou]d escape pena1t1es S1m11ar1y,-adopt1ng ‘

4 percent defect1ve as the onset of penalties would a1ways penalize

S a pavement of marginal qua11ty, but would a1so pena1lze too great a |
| » fraction of test results from acceptab]e pavement Since the distr1bution ’
of test results from acceptab]e and marg1na71y acceptable work over1ap.
and are thus indtstinguishable there is no way of e11m1nat1ng at
vleast some risk to the State (1 e., accept1ng marg1na1 qua11ty) or L
Contractor (1.e R pena1121ng acceptab}e work) ustng a 25 percent

_Jsamp11ng fractxon As a consequence a common]y used policy for ’



~ FIGURE 27!

_RELATIVE FREQUENC
TOF TEST RESULTS

EXPECTED DISTRIBUTION OF STRAIGHTEDGE TEST RESULTS ON CONCRETE
PAVEMENTS OF VARIOUS RIDING QUALITY LEVELS (BASIS: 25% TESTlNG) : —

TESTS ON
_"torAaLy :
\ UNACCEPTABLE =
\PAVEMENT" '

TESTS ON-

"ACCEPTABLE"
PAVEMENT

»TESTS ON
"MARGINALLY,
\_  ACCEPTABLE"

. PAVEMENT

O
\V}

e lLLUSTRATlNG PRODUCER & CONSUMER RISKS

 STATE'S RISK.

MARGINAL QUALITY<_

WORK ESCAPES
_ PENALTY

7 8 9

ENLARGEMENT OF AREA ?,‘A

ONSET OF
" PENALTIES

o

n
PERCENT DEF’ECTIVE LENGTH

12 13 14 15

CONTRACTOR'S RISK:

~~ ACCEPTABLE WORK "
© IS PENALIZED =

e T




|

‘proportion1ng such rtsks .- setting the consumer and producer risks

n‘at an equal (low) tevel -~ is adopted here. Applytng this philosophy

to the tn1t1a1 acceptance Ievel leads to the choice of 5 percent
'v*defective as the onset of pena]ttes for concrete pavements 'At‘

this 1eve1, the producer s and consumer S rasks wt11 both be at

1 percent - that 1s, acceptable pavement will have only a neg1igtb]e}

1_](] percent) r1sk of having a pena]ty assessed whtle there is an

"overwhelming probabi]tty (99%) that a margtnally acceptab?e pavement

'";”_ wi]l be subjected to a payment reduction.

", Measurement uncertainty obvious1y should a]so be taken 1nto

Q'account 1n providing for pena1ty graduat1onstn the acceptance p1an

iv‘fFor example, a pavement whose rideabillty coincides exactly with the

“total]y unacceptab]e" qua]tty leve] has an. equa] chance of any single
if‘test va]ue be1ng above or be]ow the true va]ue To insure that an

;a_unacceptab1e pavement wil] receive at least a moderate1y severe

'vf'pena1ty, 1t is necessary to add a penalty range that w111 1nc1ude

'lthe port1on of the test d1stributaon to the left of the remove/rep]ace

 limit (Distance’"B" in Figure 27) 1 this distance is chosen as f‘

J3 percent defective (20}) then concrete pavement w1th an actual

'vilipercent defective of 14% w111 have about a 98 percent chance of

':receiving at least a moderately severe penalty The suggested
'n; moderate pena]ty range thus extends from the 14 percent defect1ve '

]evel down to the 1 percent ]eVQ] :' o

-117-
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‘penalty (or a 1esser pena]ty) 1s expected

S1nce percent defectlve 1ength is a contlnuous funct1on,h-‘.»w

there are 1nnumerab1e test distr1butaons such as F1gure 27 that

‘Acould be prepared and thus 1nnumerab1e penalty r1sks that cou]d

be ca]culated A more conven1ent way of showanq the r1sks assoc1ated

- with a samp]1ng plan is to plot a. curve known as the "operat1ng

characterlst1c" of that test procedure and samp]xng plan Th1s
curve shows for any part1cu1ar 1eve1 of percent defect1ve 1n test
samp]es what percent of the samp1es w111 be accepted (or reJected)

by th1s 1nspect1on p]an In th1s work thvs percentage 1s expressed |

as the "probabmty of the speciﬁed Penalty bemq apphed " Thus.

vatue of 70 percent means that,on the averaqe, 1n 70 out of 100

-cases, a pavement of the g1ven defect1ve 1ength w1]1 be expected ,*

to recelve a penalty Converse]y, 1n 30 out of 100 cases no. r}f;_

F1gure 28 shows the operat1ng character1st1c curves for 25

percent samp11ng on concrete.' The exxstence of a’ fam11y of urves oo

1s a ref]ect1on of the fact that when a graduated pena]ty sca1e 1s

employed, 1t is necessary to determlne the re]atlve r1sks of var1ous b,ﬁ
1eve1s of pena1t1es be1ng app11ed For exampie when 5 percent |
defect1ve 1s used as the onset of pena1t1es, there 1s about an

80* percent probabil1ty that a pavement wh1ch 1s actuaT\v 6 percent
defect1ve w1]1 recetve a s]1ght pena]ty, and a 20 percent probab111ty

that it w111 recewve no pena]ty A pavement of border11ne "Poor"

*Aga1n, 1t is to be noted that these PlSkS are for 25 percent samp11ng.v\'. j"t
If single lane construction is tested, measurement. disperswon will . = .
decrease and the rvsks to both state and contractor w111 decrease

P
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r1d1ng qua11ty or worse (8 0 percent defect1ve or more) can a]ways .

~be expected to recelve some pena]ty, but there 1s a very sma]l

chance that such a marg1na11y acceptab]e pavement w111 receive a
moderate penaIty The chances of rece1v1ng a moderate pena1ty

are not 50- 50 unt11 1] percent defect1ve 15 reached (correspond1ng
average r1d1ng qua11ty 10 1nches/m11e 1nto "Poor") | e

The aiaocat1on of r1sks necessary to set acceptance 11m1ts T

on b1tum1nous pavement 1s more d1ff1cu1t than in the case of concrete,n-'

due to the greater re]at1ve roughness contr1but1on of straightedge

bdefects on b1tum1nous pavement That 1s only 1. 25 percent defect1ve

separates acceptable and marglnally acceptab]e b1tum1nous pavement

- (0.75 and 2.0 percent defective), wh11e the d1fference between
o these . same qua11ty llmxts is four t1mes 1arger on concrete (3 0 to -
‘;8 0 percent defective) As a consequence measurements between d1fferent
"qua11ty levels on b1tuminous pavement are 1ess d1st1ngu1shab1e than |

,ion concrete (1 e. N the d1str1but1on of test resu]ts over]ap more

“than at point "A" in F1gure 27) and the a111ed consumer and producer E

r1sks 1ncrease While these r1sks cou1d be set equa1 they wou1d be -
quite high Reduct1on of measurement d1spers1on and assoc1ated L
r1sks requires that in some cases addit1ona1 tests must be conducted on
b1tum1nous pavement. Th1s reduct1on accrues from the fact that the _

standard deviat1on of the average of two test measurements w111 be

about 70 percent of that for 2 s1ng]e test* A sequentiaI testing
*Tn7ﬁﬁﬁﬁart . B ARG A T

Oy - G,_'
Where: (I; = standard error.= standard dev1ation of the average
‘ ' _ “of a samp]e of N tests 1 :
- 07 = standard deviation =

N

number of tests




,:*two rules

procedure; inV01ving:the JSe'of‘a'retest when the ftrst test fails
to indicate acceptab!e pavement, is consadered tne mast effwctent
means of 1ncreas1ng the testtnq work!oad ‘

ngure 29 presents operat1ng charactertsttc curves for the
_testwng’of,bitumtnqns‘pavement, As snown, tf an acceptance limit
1pf one'percent-defective ié employed for a single test, there would
be about an 8 percent chance that a margana?ty acceptab]e b]tum1nnus
‘pavement (2 percent defect1ve) cou]d escape detect1on and thus

~rpena1t1es While this is judged to be a reasonabte risk for the

' :_ state, it wou]d be unfatr to penaltze based on a san]e test since

9

’ffthere is about a 30 percent probabx]ity ‘that a swnq}e measurement
:from a tru1y acceptab!e pavement (0 75 percent defectave) wou]d be
7'pena11zed If however, a second test 15 made and averaged with |
'the f1rst use of 1.3 percen. defecttve as tne onset of pena1t1es
“wouid provide balanced (87) State and Contractor risks.. Tne basic
‘,'acceptance,plan,fpr,bitumtnpus pavement can thus be formulated into

Ru]e one Routinely perform a sing]e_straightedqe test. If

the indicated;percenttdefective'ts'one percentvpri?ess, accept

Ru1e two: If the average of the two tests is 1. 3 percent

. defect1ve or 1ess accept, 1f more than 1.3 percent defective,

» 5app1yva slight pena}ty.

"f *This retest’shpn1d beva rep11catertn tne statisttcal sense, not a-

duplicate. That is, the initial and intermediate transverse location

of the test run shou]d again be determtned random!y before the
testing is repeated ' b

v thetpaVenent; if'moreithan bne'percent perform a second test*;
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As 1n the case of concrete pavement, an add1ttona1 (moderate]y

-123-

severe) pena]ty range 1s proposed for bttumanous pavement as insurance

‘against tota11y unacceptab]e work receiv1ng only a slight pena]ty
| The use of 2 3 percent defecttve as the onset of this moderate 2
"penalty wi1] 11mit the State S rtsk of acceptang poor rideab1]ity
: w1thout at least a moderate penalty to about a3 percent chance
Operat1ng charactertsttc curves for 50* percent samp11nq of
. 'b1tum1nous pavement are shown in F1gure 30. The pr1nc1pa] difference
in: r1sks between concrete and b1tum1nous pavements 15 that a bttumxnous
- g pavement:hav1ng<a border!mne "Fatr/Poor" r1d1ng quaimtyrhas about a
25 percent chance of receivang a moderate penaltv, whereas 2 concrete‘
- pavement of th1s same quallty 1eve1 has a neg]1q1b1e chance of
'brece1v1ng a moderate penalty. Thesevdtfferences 1n contractor risksd‘
are, once aga1n the resu1t of dtfferences between the surface
”,character1st1cs of the two pavement types (1 e., the "spread" of
”defect1ve 1ength between any g1ven qua11ty 1eve1s) Th1s re1at1ve1yv’
‘ greater contractor risk w111 be m1t1gated by mak1nq the consequencesk
,of a moderate pena]ty (1. e R the 1nd1cated payment reduct1on) less o
for b1tum1nous pavement than for concrete _

B At 1east certain of the descrvbed acceptance 11m1ts appear
to be qu1te 1entent For examp]e K concrete pavement hav1nq a
fdefectvve length of n percent has on]y a 50 percent chance of

rece1v1ng a moderate pena]ty Trans]ated 1nto terms of the actual

*In this: 1nstance 50 percent sampttng means rep11cation of the
25 percent sampltng and averaq1ng of the resu?ts
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physical,condition’of the‘ﬁavement, this means that the State is
willing to'aCCept that in half of all cases; only a,é]ight pena!ty
will be app?ied to a concfete‘pavement which on thé aQefage'has

one foot in each ten feet exceeding our specification. As a

matter of practica! necesswtys however, it app@ars likely that

the acceptance p%an wwl} have to be modified in a manner which

will serve{t@ fUrther increase the Teniency of thé plan., - That is,
it appéars reasenab?e that at least initially, alil pévéments whose
defective Tength equals of exceeds the remove/répléCé Timit will
héve to be subjected to 100* percent testing‘(i.e., the full length
of each lane and whee?péth},‘,By performing only fractiona] testing
below the remove/replace 1imit and complete testing above the limit,
acceptance risks will be §hiftéd in favor of the Contractor. That
is, certain pavements whiéh are aﬁtua]ly totally unécceptab1e will
have test*késUlts that fail‘below the remove/replace limit when
fractional_testihg is employed and will at most be subjected to a
moderate penaTty; IOn the other hand; 100 peréént‘testing above

the limit_wilﬁ-réduce_meaéurement dispersion and thus’wi11 insure
that the severe’pena]ty is applied to pavements which are, indeed,
grossly rough. |

quure 31 presents operat1nq character1st1c curves show1ng

*In the case of this 100 percent testing, the fwrst test resu]t
is not averaged with subsequent tests. The first test is used

ronly as an indication of the need for complete testing. The
procedure for 100 percent testing is to simply make a full
length run along each whee?path .
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the:Speeific:extent to which a difference}in samo}e”fraction

between valoes:above andibe1ow;the:severe oena]ty limitIWillj».

shift State\and,ContrathrvrisEs.- Note, for example, that a ;‘

pavement offeither type whtch_fa]TS'exact}yvon the’remoVe/replace f,‘
1imit:wi11 haVeeonly:a~2§'peroent chance Of'oeingfseverely'penaIiied
rather than the usual (and more eqoﬁtable) 50 percent cnance. This -

armses from the fact that since the Contractor s risk of be1ng ”"»
,pena1lzed at each of thewfirst and subsequent tests is 50 percent,'-: ;
his comblned r1sk is the‘product of the two risks (1 e., O 5x0. 5 = 0 25).
{An ana1ogy'u3this sxtuat1on would be to allow the 1oser of a coin : | )
toss to call the first toss"pract1ce" ] Further observe that |

wh11e a concrete pavement havxng roughness one defect1ve length un1t

be]ow the severevoenaltyélim1t haS«essent1a1ly no chance}ofvbe1ng severe1y
oenaIfzed,ila pavement ?an‘equaT.amonnttabove‘tne_11mftxdoes not-

‘have the equivalent (full)risk of being penalized (actually, 70

percent). Arsimilar sitQation exists on‘bituminous paVement,'

5.2.4. 'Assigning‘Monetany Pena1ties to_the Specifioation‘Acceptance

Plan: It is obviously a‘de11cate task to assign a d011ar va]ue to a
qua11ty as subJect1ve as rideab111ty 1n general, and thus to assﬁgn
specific monetary pena1tres'for def1cienc1es in parttcu]ar.

| In making these va1ue Judgements the writer is pr1nc1pa11y
' guided by a phi1osophy that New Jersey smoothness provis1ons shoqu
at 1east in1tia11y be 1enient "~ That 1s while the adoption of an’
- enforced r1d1ng quality spec1f1cataon m1ght be expected to sttmu!ate

contractor: performance to some extent the needed rideabtlwty

I
1
i
}
i
|
|



_des1red

1mprovement of our pavements (part1cu1ar]y concrete) can'reasonab]y '

~be . expected to occur on]y gradua]ly Thus, it is fe]t that the f1rst :
| step dn a p1anned 1mprovement is the adoptlon of a Spec1f1cat10n with
,rea]1st1c acceptance 11m1ts but w1th ]en1ent pena]tles At some
_reasonab]e f1xed future date the assoc1ated monetary pena1t1es would

R be st1ffened to be more cons1stent w1th the qual1ty of workmansh1p

As a further po1nt of ph1losophy, however, 1t 1s the wr1ter S

'op1nion that the pr1nc1p1e of 1en1ency shou]d app]y on]y to those

pavements of moderate roughness not to tota11y regectab]e pavements

t(1 e., values beyond the remove/rep]ace point). At a minimum, any

pena]ty prov1s1ons shou]d prec1ude acceptance of gross]y rough surfaces.
As has been descr1bed the acceptance procedure w111 ensure that these

severe]y penalized pavements are tru]y of unacceptab]e qua]lty and in

-vfact w111 a]]ow certain of them to escape w1th on]y a moderate penalty.

The" bas1s of payment for future New Jersey concrete pavements and

‘thus the basis for the indicated pena1t1es w111 contlnue to be. the pavement

i area in square yards It is 1mportant to note, however, that in the

near future,;the_baSJS of payment for our bwtum1nous pavements will

~ be markedly changed. - That is,the Departmentfs’specifications group

has e]ected‘toLSubstitute-a single (tonnage) payment itemv;; "Hot-mix

bituminous pavement ‘ vinches thick*" -- for the present individual

*For new construction, a total th1ckness of 9 or/ 11 1nches is common]y .

\ emp]oyed
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- - (base b1nder and top) course panent 1tems.. This'specification =

5

change thus prec]udes assess1ng pena1t1es on the surface course and N

‘_l1nstead requ1res that rlgid and f]exib]e pavement pena1t1es be 1ev1ed

i

"'on the same bas1s the total quantxty of pav1ng mater1a1 furnished

R L
The proposed adJusted payment schedu1es for surface smoothness

‘”are shown in Tab]e 14 Tdb]e 15 js a schedu1e of tests show1ng

,whether the 1nd1cated payment is to be made or 1f the pavement 1s

to be subgected to further tests If the proposed spec1f1cat1ons

are adopted the des1rabil1ty of perform1ng more tests than the E ; :

‘hvm1n1mum 1isted in Tab]e 15 and the consequences of performing ;
T add1t1ona1 tests on]y on Contractor request should be emphasazed y{-l‘“

:Mbﬁto State f1e1d personne]

Wh11e there w111 be not d1st1nct pay 1tem for surface course G

-on future New Jersey proaects the payment reduct1on a1ternate to
_pavement remova1 and- replacement 1nd1cated in Tab]e 14 is pred1cated,f’i
'on complete]y reJect1ng surface course having very poor r1deab111ty o
”'That is the - amount of the reduced payment is approx]mately 1n the.: |
'ratvo of the usua] surface course th1ckness to the common tota1
.»rh‘pavement thickness (i e s 1 1/2" 9") Thus the most severe paymentf
J’aiﬂreduction m1ght be expected to at 1east qenera]\y correspond to the R
"'d011ar value of the surface course remova]/replacement a]ternate
P;An 1dent1ca1 20 percent payment reduct1on is app11ed to concrete -

'hi,pavement wh1ch 51m11ar1y has tota]ly reaectab]e r1d1ng qua]1ty
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"i Proposed B1d Price AdJustment Schedu]es o

TABLE 14

for Pavement Smoothness S

‘ “‘SChedu1e”Ai¢Bituminous ‘

ScheduTé_B:.Congrete’g

. Lot A Lot & S
Percent Defectlve ~ Percent Percent Defective Percent
: Lenqth S ‘ Payment - - ~Length : "Payment
0-1.3 C100% 0-5.0 1002
14-23 Cos 50110 98’
2.4 - 3.4 o5 1.1 -13.9 90
‘3.5 ormore | Remove and | 1A ‘or more i Remove and
PR ~_replace or rep]ace or
s %: - 8@7
©TABLE 15:
;FPronosed Smoothness Acceotance
R Test1ng Schedu?es T
- Bituminous - Cohcrete"
: | Payment 1 payment
.+ tLot Percent; or Retest | .+ ..iLot Percent| or Retest
Test ‘Defective Require- | - Test. | Defective | Require-
Bas1§_ Length ment Basis .. { Length . ment
o 0 to 1. 0 Pay 7007 o 10 to 13.9 | Pay as Per
~ Single . 7 1 Single o : Schedule B
Straightedge | . 1 to 3.4 2‘:; %:’:t Strawhtedae — | Test Fach
Test Test f‘]4 or more 'Whee1path
: Test tach | |
: : 3i5,or‘more 1  —
Wheelpath Avera f ; i
N Pay as Per Lverage of _— as Per
- N 0 to 3.4 / 4 IStraightedge | A1l . |
Average of 5§heguée ﬁ “1Test on Fach | Values: edule B
Two Tests est tach-j | . B IR
Rty 13.5 or more| Wheelpath Wheelpath |
1 Average of o BN B -
| Straightedge | - All Pay as Per |
Tests on Each} Values - 'Schedule AL
. Wheelpath L c




BB et S1mu1at1on of the Proposed Smoothness Prov1s1ons whi1e'

,1en1ency has been employed at each stage of deve]opment of the -
proposed spec1f1cat1ons, 1t is apparent that the probab1e 1mpact of
athese provisions -- the re1ative frequency and sever1ty of expected
penalties -- must be specdffCa11y investigated. This investigation
will essent1a11y be a “reasonahleness cheék“.to determine'whetherv
the proposed smoothness spec1f1cat1on can be adopted 1mmediate]y
and 1ntact or whether mod1f1cat1ons in the specif1ed acceptance
limits and/or assoc1ated pena1t1es are requ1red

~ On concrete pavement th1s reasonab]eness check wil] consist
of.a s1mu1ation of the pr0posed spec1f1cation to h1stor1ca1 data
for New Jersey paving prOJects On b1tum1nous pavement add1t1ona1
comparisons will be made to the smoothness spec1fications and N
stra1qhtedge data of other agenc1es

Tab]e 16 shows the proposed srheduIe of bid price adjustments

for New Jersey b1tuminous pavements compared to that of spec1f1cations ,f,

endorsed and recommended for use by the FHWA 24

Bo111ng, D Y. and We1ngarten, H. "Improved Quality Assurance of

Bituminous Pavement: New Jersey Report", FHWA Region 15, Appendix T
FHWA Bitum1nous Pavement Guide Spec1f1cat1on (January 1973)

24

i
|
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TABLE 16:

k‘ Comparison of FHWA and New Jersey B1tum1nous},“
’ Pavement Smoothness Acceptance Plans

CFMWA Il NEW JERSEY
Percent‘- Pehéent- i Percent Percent ,
Defective Payment . | Defective | =~ Payment -
,vLength~ S Length R
0-1.0% 00z || o-1.3% 1002
£ : , }
I g 1.4 -2.3; - 98
1.1 -3.5 | 95 SN N
: 2.4 -3.4| 95
over replace || = 3.5 | replace
3.5 | or -l - or or
PR 40%  j| more . 80%

ATest basis a smng]e fu1]-1ength stra1ghtedge run

bAccept 1.0 percent defective on sxng]e test; pena11ze
on ba31s of at least two fu11 -length tests

» _. As shown, there is essent1a11y no d1fference 1n the acceptable
VV and tota]]f re3ec1ab1e qua]ity 1eve1s between these two acceptance o
. p]ans Two reiatively minor differences arise . from the fact that
the New Jersey proposal provides for multiple tests to m1n1mize |
pena]ty risks and a penalty- graduation (in part) desiqned to. ref!ect
' vd1fferences in the degree of unacceptab111ty of the pavement A«
| more fundamentaT dtfference is that the FHWA payment reduct1ons
are based on the tonnage of surface course, whereas the proposed
‘New Jerseyepaymeht reductions are levied on the tonnage of the

:total'thickness;’;




_ In summary. the net effect of differences in the percentage
| payment reduction and pay item between the two spec1fications is that
- the New Jersey spec1fication will result in a more severe dollar
‘reduction for a given degree of unacceptability» However, as will be
, shown by example, the greater payment reductions of the spec1fication
'proposed for our State are be1ieved warranted since the maximum dol]ar L
value of FHWA penaities for any_smoothness quaiity 1eve1 other ‘than |
tota]]y'rejectabie are. very nominal.More specifica]]y;‘iet usvassume‘
‘that'three“"typicaii 4vmiie ]ong;,4 1ane bituminous projects are so
constructed that each dayis production of surface}course‘on these -
Q'proaects respective1y correspond to “Fair to. Poor", “Poor", and *
”Very Poor" rideability. As might be expected ‘the occurrence of such
- 1a uniform project rideability, particuiarly “Poor" or worse, is an
extreme case that might be expected to occur infrequently (actual
frequency ‘of such’ straightedge data in New Jersey none). Table 17
shows the respective penaltie5<that,wouid apply if each of these projects»

were governed by the FHNA and New Jersey Smoothness Specifications.

TABLE 17

Comparative Simulation of FHWA and New Jersey
Bituminous Pavement Smoothness Penalties to Projects
of Various Riding Quality Levels

(Basis $12 per ton bid for 9,300 tons of surface course
-l ~and 56,000 totai mainline tons) ;

Ca133-

R | 'Typica] - TOtal Project Penalty
- | Riding | Defective e e
Project Quality Length | . FHWA - New Jersey
‘ aol o - Penalty Penalty -
o Far to. 21 $5,700  $13,400
Cwge | Poor 3 ©$5,700 $33,400
e " more Replace at = | Replace at
B S Very than coocost X - same cost X
' - Poor . 3.5% - ooor coooor. o
O . $67,000 $140,000 .
Reduction Reduction
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As shomn;»a'Contractor.workfng;under either!Set'of

.SmOOthness provisions-would suffer:a-very’draStic penaTty if"

- - h1s process were SO out of contro] that the extreme case

occurred: avery day s work is gross]y rough On ‘the other

’hand the pena]ty assoc1ated w1th prov1d1nq pavement of

f any qua11ty 1eve1 better than "Very Poor" would be very

modest according to the FHWA proposa] Thefconsequences.of'r,.
g1v1ng us all poor r1deab111ty ($5 700) or half poor ($2 850)

wou]d for. examp1e be of substantla]]y less. 1mpact on the'

;contractor than prov1d1ng the year]y wages of one. 1aborer on
zi’the job. wh11e 1en1ency 1s sought 1n the New Jersey |
specificat1qn, it 1S‘the«wr1ter s op1naon,thatethe specifitation, .
- Shou1d.not-on1y motiwate the eontrattor to avoid‘preyiding the )

- state w1th tota]ly regectab]e pavement, but shou]d a1so y1e1d

a penalty to some extent commersuate with the degree of

jisuccess in eliminat1ng arg1na11y acceptab]e work. Thus,";

it 1s conc]uded that a med1f1cat1on of the percent payment

, ”reduct1on of the New Jersey spec1f1cat1on to be more in 11ne f'

'w1th the FHWA spec1f1cat10n would not be des1rab]e

kY )3




Nh11e the end product is essent1a11y the same, the engineer1ng ;fi??**ﬁﬂ*

vwe,Judgements necessary to develop the acceptance ranges of the descr1bed

! New Jersey and FHwA smoothness spec1f1cat1on were apparent]y based on o
"different cons1derat10ns the roughometer ro111ng stra1ghtedge corre1at1on
.1n the case of New Jersey,*and the actua] 1eve1 of r1d1ng qua11ty '
‘achweved 1n pract1ce 1n the case of the FHwA 25 ‘In turn the FHWA a

J>;1nd1cat1on of results ach1evab1e 1n pract1ce was based on a mu1t1 state
;stra1ghtedge samp11ng, (part1a1) resu]ts of wh1ch have been prev1ous1y

, shown 1n Figure 22 (p 79) A genera] 1nd1cation of the relative

,severity of the proposed New Jersey spec1f1catzon can thus be obtained

“‘by s1mu1ating the provis1ons to the FHNA data samp1e

L R
"f:V’IIAQEE;E;ai L

: Simulation of the PrOposed New Jersey Bitumtnous'
" Pavement Smoothness ‘Specification to the Results.
: of an FHNA Mu]ti State Data Samp1e :

| ”t New Jersey Specif1cation 1" Approximate . |
‘ -— , . Percentage of |
1. Percent “j_ . | FHWA Data in
; Defect1ve 1 PerCent - Category
Length i .Payment .t o
0-1.3 | 0% | s
',;1.4,--2b3, j; e |3
o] 2434 EREE TR N I
Ao rep1ace or. SR
35 ormore | N T

255ince some of the features of thehFHNA'GuideySpec{fiCation\wereJ53:“

~_patterned after work conducted by the State of Louisiana, that

- State's bituminous smoothness spec1f1cation is of some interest.
~In a 1972 issue of “"Paving Forum", Verdi Adam 1nd1cates use of the
,gfol1OW1ng provisions 1n louxs1ana SR

“Percent Defect1ve 0N SERERE ﬁ‘ﬂ o ;?1"' f“'-_h 2.6
Length - ai 1 .0 7r]’Qt 1.1 -1.5"11.6-2.5 | or more

Percent Payment e @. , ,f‘_ _a;f-,,;‘*"_l ,:af’ R | replace

(Surface Course) b 1eo% o 95% | 80% | or 50%
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As shown 1n Tab1e 18 a 1ow 1nc1dence and severity of pena1t1es |

?'results from app]ication of the proposed spec1f1cation to the FHWA s

sixteen-state data sample. No penalty 1s 1nd1cated for nearly 90

: v percent of the data for other states w1th the pena]1zed sectxons

be1ng about equa]ly d1v1ded between s]ight/moderate and severe
| Tab]e 19 presents a simu]atlon of the proposed smoothness
provisions to 15 b1tum1nous proaects constructed 1n th1s State

As 1ndicated about 60 percent of the New Jersey straightedge data

'wou1d have no associated pena1ty, while the s11ght and moderate y

penalties occur w1th equa] frequency (14%) A severe penalty wou]d

be app11ed to-about 10 percent of this data sample, with half of the

severe pena]ties occur1ng on one job (the I 80 1M th1ck 11ft project)

The mean project payment 15 97. 3 percent

It is 1mportant to note that there are a number of reasons why

the 1nd1cated expected frequency. and sever1ty of. pena1ties 1nd1cated

in Table 19 may be overly pessimxstwc

F1rst, 1t is to be rea1ized that the s1mu1at1on was performed

~on an histor1ca1 sample. Thus since changes in the spec1f1ed methods

of construction have occurred dur1ng the per1od of study, certain of
the 11sted projects are undoubted]y not typ1ca1 of our present work
For examp]e, 1f we consider on]y those prOJ(cts constructed using the
(present]y requ1red) automated paver controls, essent1a11y complete

payment (99.6 percent or more) is 1nd1cated fdr 7:0f 10 prOJects,<

. one each would receive a 2% and 3.5% payment reduct1on while only the

iy

1-80, 1M proaect wou1d rece1ve a substant1a1 (10%) overa11 payment

reduction ,

34




, TABLE 19
' S1mu1at10n of the Proposed Pena]ty

Schedu]e to New Jersey B1tum1nous ProJects

o : R S -t o Number of Sections et

Route R T | Number of o Rece1v1ng the Ind1catea Pena]ty | Percénf"
. and . | Year Open Roughness 1 Sections | No. % BE BEETE-Y SEe 20%; | Payment for
-~ Section - | To Traffic - Rat1ng, | Sampled . gPepal;ylv;gPehaIty , *ﬁPena]tybp}Penalty'_ ~the Project

o

N.J. 55, 7F&8A | 1973 | Good* | 8 - f g | o | o _100.0

1-287, 70-96 | 1973 | Good* | 28 | 22 . 99.8 .

—1e
iw O

| 1-280, 1B-5P | 1973 | Fair* | 20 -~

w

N 98.1 o

o

e | ez | a3

| N.J. 55, 6F&7E | 1972 | Good* 99,8

- 89.8 |

1-195, 3884A | 1972 | Good* - 99.6

1-195, 48 | 1972 | Fairr |

5
N -
1-195, 2A%3A | 1972 | Poor | 10
@ T 9
8
1-78, 4F846 -~ | - 1970 | Fair_ | 11

98.9

ol reso, o 1em | Peor* |27

. 90.3

178,40 | 1970 | poor | 12 _98.9

100.0

N.J. 55, 58-78" | 1969 | Good* | 12

1-295, 15| - 1968 | Good* | 8 1000

96,2

N0, 72, 68678 | 1968 | Fair

ST N O X0 SUIE LU {5 IS SN B PN
r = jo jojo jolojo o s o=

924

w. = o jo & jm fe j= fro = = N s
w |— oo = |=|nv]jo lo|s o jo

1-78,4¢ | 1966 | Poor_

MEAN_= 97.3

 Average Penalty Frequency ~ | 6l.0% | 4.6z | 14| 02w

| '-'*Denotesvprajgcts 6h‘whicﬁ“automatic paver‘éohtrdls'weke_émpToyed_to'at least some extent.

. %.5 - |

-LeL-
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Second]y, 1f the suggested enforced r1d1ng quality acceptance
prov1sions are adopted for use, 1t m1ght reasonabTy be expected that

a Contractor woqu take act1on that wou]d m1t1gate h1s chances of

erece1v1nq a penaTty That is, 1f roTTtng stra1ghtedges are provided

on New Jersey b1tum1nous progects, it obvaously woqu be appropr1ate

for the Contractor to perform controT testtng, so t1med that remed1a]

measures can be undertaken prior to cceptance test1ng Thus certaanly

“in the case of a severe pena]ty, the Contractor woqu have to be

def1c1ent on two counts The work wou]d have to be totaTTy unacceptab]e
and controT testing wou]d have to be almost non ex1stent | N
Based on the preced1ng, 1t 1s ‘here concTuded that: the adoption of

the proposed b1tum1nous pavement smoothness spec1f1cat1on on an’ 1mmed1ate

vbasis and in 1ts ent1rety is both des1rabTe and feas1b1e

The ent1re pena]ty s1tuat1on for concrete pavement is coTored by -

‘the fact that New Jersey s rigid pavement rideab111ty reSUTts do not .

compare favorab]y to the resu]ts of other states G1ven that our concrete

pavements are at‘best "Fa1r ‘and often of "Poor" r1deab111ty, 1t is. apparent

that __x_spec1ficat1on which. at a min1mum attempts to e11m1nate the

“Poor" smoothness category will resuTt in a substantaa] fraction of our
proaects be1ng penaTized Further unTike our b1tum1nous pavements,

there unfortunately is no trend toward 1mproved resuTts for our more

_recent work In fact, the reverse appears true Thus whi]e adopt1on
of enforced smoothness prov1sions might aga1n be expected to st1mu1ate

i contractor performance, there does not appear to be any substantia] basis
“for opt1m1sm concerning a near- term improvement in r1deab111ty.

ey
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The samp1ing of straightedge data obta1ned on the concrete pavements

'vof th1s study is sma]]er than that obta1ned on. bitum1nous pavements To
strengthen the est1mate of probab]e concrete pavement penalties the |
stra1ghtedge samp1e w111 be compared to the (19 t1mes) 1arger sample h
of roughometer data from these
t1n Table 20) is possible since
perm1ts roughometer data to be

terms of straightedge defects

pavements

maew

Such a compar1son (shown ;,v,
the roughometer-straightedge corre]at1on

converted to a roughness equivalent in
“‘ o S e Lo .

S1mu1ation of the Proposed Concrete :
__Pavement Smoothness Specification ' R
~to ‘the Overall D1str1but1on of New Jersey Roughness Data -

,ProposedfPena1ty Schedule

phPércent,of'Tested
Quarter Miles in Category

Percent .

~ Percent Stra1ghtedge - 1 Roughometer Data
Defective Payment - - Data : - Equivalent
0-50 | 1003 o3 30
5.1 - 11.0 98 ©oar9 A
M1 -13.9 | 90 12.5 13.3
Sl Rep1acn £ R R L
| 14}or'more:_irr oflaaoz . - 8.3 - 14.3
Average Percent Payment"' o
for Ind1cated Data - 96%

 95% -
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E As 1nd1cated in Table 20 the overa]] d1str1but1on of test :

 data from both roughness measurement dev1ces are in c]ose agreement
| .‘Both types of data 1nd1cate that 1f the d1str1but10n of roughness

~ results on future concrete pavements conformed to the h1stor1ca1

verage for New Jersey, about three fourths of the tested sect1ons of

pavement wou1d recelve no pena]ty or a slight pena]ty, wh11e the

: rema1n1ng one— ourth wou]d rece1ve a moderate or severe pena]ty A

correspond1ng average payment reduction of 4 to 5 percent 1s 1nd1cated
A simulation of the proposed concrete smoothness specification
to h1stor1ca1 data for 15 individual proaects is shown in Tab]e 21.

Based on this data, the maximum pena]ty for the individual sections of

| 'about 40 percent of the progects 1s 2 percent, while a maximum 10 percent

penalty is 1nd1cated for another 40 percent About 20 percent of the
projects have at: least some sect1ons on wh1ch a severe pena]ty would be
1ev1ed “In terms of r1deab111tv, th1s samp]e 1nd1cates that a future
pavement of "Fair" r1deab111ty m1ght at most-be expected to receive

a2 percent average pena]ty, w1th essentlally comp]ete payment (98 9%)

be1ng 1nd1cated for the average "Fa1r work : Except for one progect*

| the payment reduct1ons for those pavements of "Poor" r1deab111ty ranges
from 1.5 to 10 percent, W1th the average "Poor“ r1d1ng prOJect

rece1v1ng 95 percent payment

2

'*The small data'samp]e on New‘Jersey 21 Freeway

—




TABLE 21

Simulation of the Proposed Penalty
Schedule to New Jersey Concrete Projects

Number of Sections

" Route FHWA Number of Receiving the Indicated Penalty Percent
and Year Open Roughness Sections {7 No 29 109 20% | Payment for
~ Section To Traffic Rating .,sampled Penalty Penalty Penalty | Penalty the Project
{1-280, 1B-5P 1973 Poor 12 0 g 3 0 6.0
1-80, 1N 1973 Poor 6 0 5 1 0 96.7
[-295, 4C&5A 1973 Poor | & 0 5 T 2 92.5
1-205, 3BaAA 1972 Fair | 8 5 3 0 0 99.3
1-295, 2L&3A 1972 Poor 8 6 - 1 1 0 98.5
1-280, 66 1972 Poor 6 0 5 1 0 96.7
1-280, 6L&JE 1972 “Poor 4 0 1 3 0 92.0
N.J. 21, 4A 1968 Poor 3 0 0 0 3 80.0
1-295, 1R 1968 Fair 6 3 3 0 0 99.0
1-78, 26 1968 Poor. 3 Ry 2 0 0 98.7
1-287, 7C 1968 Poor 8 B 3 1 3 90.5
1-78, 2M&3E 1968 Fair 6 1 5 0 0- 98.3
1-78, 3F 1967 Fair 6 6 0 0 0 100.0
1-297, 6F&7B 1966 Fair 4 1 3 0 0 98.5
1-78, 36 | 1966 Fair 8 6 3 1 0 98.5
Average Penaity Frequency 31.3% 47.9% 12.5% 8.3% MEAN = 95.7

-ivt-
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While the dol]ar‘va]ue bf even a small percehtage’paymehtv_
reduction for concrete paving is substantial*, it is‘the writér’s
opinion that the 1 and 5 perpent éverage pena}tiesvrespectively indicgted
fdr "Fair" and "Poor" riding projects arevreasonab1e. ‘The adoption
of the concrete pavement smoothness specification as proposed is thereforev
recommended, | |

A description of the proposed smoothness provisions in an actual

specificatioh format is presented in Appendix D of this report.

*If a 3 mile Tong, 6 lane concrete project is considered of "typical”
size, an average total payment reduction of about $13,000 is expected
if the pavement is "Fair", while a total reduction of $65,000 is
expected if "Poor" rideability is provided. [Basis: 127,000 square
yards bid at $10 per square yard or $1.27 million.]

[ S



e 1 BACKGROUND

. 17'of pavement r1d1n9 qua11ty

=143~

»6 1 1 Bridge Deck Rouqhnes 'Results and Evaluation Cr1ter1a from

: Other States There 1s no w1de1y accepted “standard" for [h: o

L ]
eva]uatlng bridge deck rideab111ty, the previous!y descr1bed FHWA
. roughometer criterla hav1ng been deve]oned strictlj from cons1derations

While it 13 obvmousﬂy des1rab1e that good r1d1ng qualxty be

' cont1nued 1n approach1nq, trave11ng on and ex1t1nq from structures,

l

':7}rouohness data from other agencxes 1nd1cates that concrete br1dge

: ""ldeck constructwon 1s common]y consxderably rougher than concrete pavement

"fconstructton The surnrls1ng poxnt here 15 the actual maqnttude Of
.roughness dlfference sometimes reported between the rvdlng surfaces ,‘
"‘“of concrete pavements and br1dge decks In the three-state samp]e of

" ~eroughometer resu]ts shown 1n Tab1e 22 for examp]e,‘the "average"

- v'br1dqe deck 1s approxwmately 2/3 to 3/4 rougher than the averaqe

"ljconcrete pavement bu11t during the same per1od If the FHwA pavement

}a;rouqhness criter1a were app11cab1e to the data of Table 22 the brldge -

| ‘"deecks wou]d rece1ve "Fair"‘to "Poor" rat1ngs wh1]e ‘the abutt1ng pavements

’J‘Tf?would genera]]y be cons1dered of "Good“ to- "Exce]]ent" rideabillty
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TABLE 22:

COMPARATIVE ROUGHOMETER DATA
FOR NEW CONCRETE "PAVEMENTS AND

"".kBRIDGE DECKS IN OTHER STATES -

- State

';Period
jStudy

Concrete -
. Pavement B
L Roughnessu el

| “f Congréiéi;A.‘
Brudge Deck
Roughness .

Average

1 Roughness § |
-} Difference

| vTTenhésseez5

;'The most common Inter-

21961~

1965 v)“ln/m1“"

state roughness measure-
ment was less than 75

‘ 9 brldges ranged- frem
123 t0-168 and averagedﬁ

144 1n/m1

50 in/mi*

- (60%)

) "A"f

‘31 test sections ranged
from 64 to 126 in/mi -
,and.averaged 84_in/min-w

‘21 decks ranged from

aygraged 150 in/mi -

118 60 177.in/mi. and

66 in/mi
(79%)

IlB}II’

80% of new mileage was
77 1n/m1 or less

| 5 bridges. ranged from

- averaged 116 in/mi

97 to 147 in/mi and

*estimated; specific mean pavement roughness not indicated =

:‘*iffTTABLE 23:

COMPARISON OF FHWA PAVEMENT CRITERIA
* AND SUGGESTED BRIDGE DECK ROUGHNESS

'EEVALUATION GUIDELINES FROM OTHER STATES“

15

.

State "C“ Bridge

. FHWA Concrete E i
- Pavement Cr1teria

V1rg1n1a

Deck Roughness -

Guidel

ines

Brwdge o

- Deck Roughness
’ ,'Guidelines

Roughnessv
o Index

| Rideabixity
. :Rating-

T.Roughness.J

Index

Rideability
~Rating

: Rodthessl

‘Index

R1deab1lity
Rat1ng

67-81
8199

121

<67 infmi

99-121

Outstanding |

IEExCe11§ht -

‘Qood

~Fair

" Poor

992121

<80
80-99

121-140
>14o-'

Exce]]ent
V Good

_;Good ;:i

EfFair '

1 Poor

<75

1 75000
ﬂ* 100-125 |
125150
1504735

2175

-,
N “

-:Excéllent

V. Good |

" Good
Fa1r,
Poor A

Rough

45 in/mi* 3

(63m) i




ZHThe historically greater roughness of bridge decks re]at1ve to .

‘

F‘f’§}pavements has resu]ted in some states being less cratacai of the *'1

"'aj{f‘rideab111ty of such constructton etther informa]ly or thru spec1f1c

: -Q;'bridge deck roughness evaluatton gu*de!ines.v For exampie Table 23 t

o shows suggested roughometer-based brmdge deck ratang guade11nes from

‘7fjtwo states compared to the FHNA concrete pavement roughness cr1ter1a
eLdAs 1nd1cated the criteria proposed by both states are a1most 1dent1ca1
”j exceptthatState "cH employs two categories of. "Poor" bridge deck

: lj 1deab11ity.v In essence, both genera]ly represent a modafication of L

‘1';the FHNA concrete pavement crlterla wherean the adgect1ve rating thatf

S ;»uwould be assigned to a pavement of a partacular roughness index range‘

l

is 1ncreased by one rattng category in the case of a bradge deck (I.eg;‘

: ,ran FHWA “Fa1r“ pavement rat1ng equates as 2 ”Good" br1dge rldeabxltty:

. - d -
";_rating,letc ) In compartson to the FHWA pavement criteria then these -

'7ustates are as much as 20 to 30 1nches/mi!e more 1en1ent an ratxng
B bridge decks. " - 3> | ’

o i - n : .
6. 1 2 Maapr Factors Reperted a( Influenctng the Greater Roughness »

of Bridge Decks While the genera] requirements for achiev1ng

h"a good riding concrete surface are basica]]y the same for both brxdge ]
rand pavement construction (e g., an adequate supp!y of qua11ty mater1als,

":competent workmen and supervis1on, etc. ), a number of 1nvest1gator527 -29 .

tngtf527McKnight J. l "Specifacat1ons and Conntruction Controls to 0bta1n
; Smooth-Riding Br1dge Decks", HRB BulIetln 295, pp. 6-18° (1961)

; 28e.ray. N "Smooth Riding Bridge Decks" HRB Bul]etin 243 pp. 18-27 (1960)

\:}]’29N1ckham’ H.OW, “Control of COnstrnction to Secure Surface Smoothness
of Bridge Decks“' Proc. AASHO, pp 268-82 R e
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' have pointed out differences between the two types of construction that

".iinfluence relative roughness results. The noted differences 1nclude

rigidity of supports | In comparison to pavement subqrade, bridoe'-f;

.xp'beams are relatively flexible. The problem of setting and maintaining the

correct.- strike off elevation is thus relatively more: difficult on a bridge.

fFailure to adequately compensate for actual heam camber and dead load

Ldeflection is known to result in long wavelength profile irregularities

. space limitations The restricted working space native to bridgesA

often necessitates different, especially well-planned methods for supplying,

‘ and finishing structural concrete.t

. labor situation The relatively short duration of a bridqe pour

does not qenerally permit on- the-gob development of proper techniques.:v ‘

; use of'mechanized equipment In contrastvto paving on grade,

bridge construction has historically relied more on manual rather than -
mechanical means for concrete strike-off and finishing The experience,'“ ’
a nd skills of the invelved workmen is thus an especially important variable
in the case of bridge rideability results '

d]5 comprehensive study by Virginia of bridge

‘ The previously cite
.‘,deck rouqhness indicated this latter (screeding technioue) ‘
factor u:have the most significant influence on deck rideability.yln ’
‘that state, the use of full span length longitudinally oscillatinq

mechanical screeds consistently produced simple span bridges with

*The "longitudinal“ and "transverse" finishing machine nomenclature used
in this work relates to the orientation of the working face of the screed
‘with respect to traffic. Thus, in longitudinal finishing, any ridges
introduced into the concrete are predominantly parallel with traffic.

PG, R,
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. ‘fFurther, V1rginia observed that the roughness of decks struck transverse?y

ffrf1oat1ng.,r[f_ﬁ ) 9“?7?‘l'?

f.g:to the fo1]owing standards

| f30

a7

**:“Roughness Indices 1ess than 100 inches per mile (i - mer1t1ng at
g{p1east an FHNA "Good" pavement rideab111ty rat1ng) The next smoothest
; ;c]ass of br1dges sampled (manua]Ty screeded) disp}ayed more than 50 -

‘1nches per m11e greater roughness

, The benef1c1a1 effect of keep1ng any corrugat1ons 1n the finashed

surface para]]el to traff1c was ev1denced by the fact that the mechan1ca1

i screeds thet provvded the smoothest V1rgin1a br1dges when operated

l

’5_f1ongitud1na11y. yie]ded the roughest decks when operated transversely \"

I

: cou]d be substantially ]mproved(up ‘to 25 percent) by fol]ow-up longitudanal'

' Simi]ar r1deabi]1ty resu1ts have been reported 1n M1ch1gan30 3]

i studies. In that state's research br1dges built using various screeding

,'methods were tested w1th al prof1lograph* and the resu1tant data compared '

less than 100 profilograph unlts
100 to 160 units - :
over 160 units '

"Good" bridge rideab111ty
: “*Average"
“Poor"

According to th1s cr1ter1a, each of the tested br1dges constructed

with fu]l span 1ength longztud1na1 screeds prov1ded what M1chigan cons1dered
11to be “Good" rideability (average roughness 64 units) No s1gn1f1cant

t”benef‘lt for transverse macm1ne over hand f1n1shing was observed w1th both

Church, C D. "Profilometer Measurement of Bridge Roughness“ Seventh ‘
[Final] Progress Report. Michigan State Highway Department (November 1965) .

| ”31w1111ams G M. “Specia1 Report on Methods of Improving the: R1d1ng

Quality of Bridge Decks"“ FHWA Circular Memorandum (September 17, 1963)

e *This device 1s essentmal?y a 20 foot long, recording ro]ling stra1ghtedge
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jof these types of construction disp]ayvng average roughness 1evels ,
about twice as great as that for longitudtnal fantshxng (124 128 untts);‘
Use of another type of mechan1zed screedlng equipment whxch strtkes
E the concrete !ongitudina]ly in partta! span !ength 1ncrements yxe]ded
'fifntermediate smaothness results 1n the Mich!gan sample (average 96 :

1zv units = “Good") ‘ ‘ o e )

In resa@nse to the improved rmdeab1]1ty resu]ts apparently

o _obta1nab1e with varlous conftgurations of mechanica] bridge deck |
“tffrscreeding and fintshing equlpment, snch mechanvca] methods current]y
'h‘;enjoy very w1despread use.‘ A recent Htghway Research Board questionnaire32‘5h,:

rzindicates that ahout half the states and canadwan prnvinces present]y ,‘]-J

: require mechanica] screeding equ1pment for construction of br1dge f]oors

'~’1‘Further, the. combination of spec1f1catton requtrements and contractor

‘:preference has resu]ted in more than 90 percent of current br1dge

: construction_be1ng_accomp]ished wnth mechantcal.screeds;,j ‘f*"'y

- 6. 2 NATURE OF THE NEW- JERSEY STUDY

| 6.2.1- Character and sze of the Roughness Sample- At the 1nceptton o

3ﬂ.of the present research the use of mechan1ca1 screedxng was not ”t" O
required for New Jersey br1dge construction and manua] strake-off

methods--most commonly, hand prope]]ed vibratory screeds--predom1nated

~ 32uBridge Deck Finishing", HRB Questionnaire 133 (May 1972) =~

i




iy

r'Beq1nn1ng 1n about 1967 a number of New Jersey br1dge contractors, .‘",'

: jwith Department encouragement elected to emp1oy var1ous types of

mechan1ca! finish1ng equ1pment The part1cu1ar dev1ces selected for ‘f

-use and studied 1n this research 1nc!uded varxous of the ]ongitud1na]1y

‘osc111at1nq screeds 50" favorab]y reported on 1h the 11terature, ’s we]?
"1fas a’ newer type of equ1pment that: f1n1shes the concrete by means of a

’;_rotat1ng cy?wnder work1ng transverse1y across the deck

As shown in Tab]e 24 the re1at1ve roughness determ1nations

J
I

“of this br1dge study phase:were based on the eva1uat1on of roughometer

\

| gand/or ro]]ing strawqhtedge data from 30 bridge spans Th1s represents a
‘i.gsampling of 14 1nd1v1dua1 progects w1th the test sample be1no about if7?"
szequa11y divided between mechan1ca11y and manually f1n1shed decks Each |

Fof the stud1ed br1dges were of the s1mp1e span des1gn that predom1nates

in this State. ) S LA
TABLE 24 DISTRIBUTION OF THE NEW JERSEY D
S BRIDGE‘ROUGHNESS SAMPLE BETWEEN ~ =
MECHANICAL AND MANUAL FINISHING METHODS'

ROUGHNESS TEST SAMPLE

:"FI‘NI‘SH.IN_G METHOD_V iR = «, , _
: P Proaects S B Brtages_ '} . Spans

" Transverse .

Rol]er F1nisher L2 | ISR S (R A
e Fu11 o B S 1
Longitudinal - Screed | - | PN T |
‘Oscillating . e - — :
Machine: | Partial | f -~ o o S
B ~Length | | - 1 .. 1 .

Screed. - |..

AV:TOTALSJ - vlai;ihﬁ v,;i,bllgrfg’;;bv_Tf3b. :

‘.';149f ‘_Aa.



“In add1tion to rideab111ty eva]uataons based on obaective
roughness measurements, most of the proaects se]ected for study were
g1ven a subJectlve eva]uation by exper1enced brtdge engineers from the
Department S Bureau of Construction. Practices. These latter on- s1te

eva!uat1ons constdered the general ]eve] of p]anntnq. orqan1zat10n and

control evidenced 1n the work. A Judqment was a]so made as to the re]at1ve

: adequacy of the spec1f1c p]acement and. f1n1sh1ng operat1ons used
F1gures 32 thru 35 present se1ected photographs i1lustrating
the part1cu1ar equipment stud1ed and’ the maJor steps of the various deck
finishing sequences | 4 t | |
Specifical]v. Figure 32 depicts a “typ1ca1" f1n1sh1ng operation
‘ re]ying exc]usive]y on manua] methods The transverse or1entat1on of
-the strike- off and floatlnq shown in th1s fwgure is. the most common* :
finishing arrangement used in New Jersey. In view of,subsequent |
roughness data, it is worth not1ng that the‘particular projectvshOWn
in the photographs (the New Jersey 72 - U S. 9 cross1ng) was exce11ent1y :
organized and very we11 executed and represents perhaps the best hand
-f1n1sh1ng operation tested ‘ ‘ | o
’ Figure 33 shows the type of fu]l span ]ength screed used on |
each of the ‘three ]ong1tudina11y mach1ne f1n1shed structures studied
On two of these proJects the minimum of two screeding passes. suggested

dby the equipment}manufacturer were employed. The‘usejof a‘stngle

.*Only one of the manually finished proaects--the I 76 Viaduct (Project 6
of Table 25)--is known to have been f1n1shed predominant]y 1n the
1ongitud1na1 d1rect1on ‘ :

IRNEIN R <



32A.

Selected Photographs of Manual Deck Finishing Operation
(N.J. 72 over U.s. 9) ‘

e

FIGURE 32:

scraping

328. Intekmediate finishihg-with
straightedge and lute.

Initial strike-off with vi

concreté to remove 32D. Applying fina] finish with burlap drag

32C. Disturbing finished
' pipe_screed guides.

- 161-



'FIGURE 33: Selected Photographs of Deck Finishing
Operation Emp]oyIng Full Span Length, Long1tud1nal

Screed1ng
(1 95 over W. Pierson Avenue)

33A. Drive section of screed resting on a thin
metal wear plate and extending out to temporary
plywood work platform. Oscillating action is
achieved by the drill motor powered eccentr1c
stroking against the push rail. :

o mestL-

333 First screed pass. Lateral mdvémeht across
the deck is accomplished by taking up on the cable

- shown in the foreground. (The cab]e reel s the
'upper whee] 1n F1gure 33A) :

33C.  Applying final finish using automated belt.

This combined work bridge-belt finisher is a separate
item of equ1pment



: -"! 53';' |

s1dered 1nsuff1cient at

fyx_awlf}i<j¢,§>screed pass on the other tested deck ‘was.

‘%g'the time of construct1on and apparent]y contr1buted sign1fﬁcantly to
- ,l;ae’ttff“the (25 to 30 1nches/m11e) greater roughness for ‘that deck re]at1ve hﬂ

“to. the doub]e-pass construct1on On each of these proaects, long1tud1nal

Aﬁ;screed1ng was fo1lowed d1rect1y by be]t f1n1shingf(1 e 5 thh a

i'fifm1n1mum, 1f any, of hand operat1ons) However; on oniy the I 95 ,;f"

sﬁchYOJect Shown was the be]tang operat1on automat

Fioure 34 shows deck constructlon usanq affinish1ng mach1ne 1n

hhlwhich the d1rect1on of both equ1pment trave!band screed1ng are
":flonqltudina1 As shown, thls equ1pment 1s essent1a11y a mechan1zed
\“f{ten foot 1ong f]oat A!though on]y one: such deck was studwed 1n th1s
:;;research ﬁt 1s 1nterest1ng to note that th1s type of equ1pment 1s

32 Wh11e 1t 1s correct to refer

llthe most commonly emp]oyed nat1ona11y
‘to the~operat1on shown:1n»F1gureu34-as'"mach1ne" finlsh1ng, 1t 1s <
4.}:f: : ‘,s;¥'aoparent that some (reduced) 1eve] of hand work 1s st111 requ1red
| | F1gure 35 shows the transverse deck fin1sh1ng operat1ons on two
New Jersey proaects constrocted us1ng a ro]]er f1n1sher As 1nd1cated,
“;_mechan1ca1 f1n1sh1ng is ach1eved by means of a three component too]
'vauger(s) for str1k1ng the concrete to approx1mate grade, a rotat1ng
“fcy11nder for 1ntermed1ate fin1sh1ng, and a pan float for sea11ng the :’ -
’tsurface. Notice that aga1n 1n thlS case, the use of a mechanlcal
’-,‘1f1n1sher d1d not comp]ete]y e11m1nate the need for supp1ementa1 hand |

"ﬁfloat1ng




FIGURE 34: Selected Photographs of Deck Finishing
Operation Employing Partial Span Lenqth Longitudinal .
‘Screeding

(1-78 over Waverly R.R. Yard)

34B. Concrete is struck and finished by advancing the
longitudinally osc111at1nq screed (one foot stroke)
across the deck. :

34A. End view showing ma1n f1n1sher truss, the
suspended finishing tool (bull float), and
electrically powered screed rollers that propel
the machine 1onq1tud1na11y along erected screed
pipes. :

34C. Intermediate transverse finishing with a tube float
and application of final finish with a burlap drag.



FIGURE 35: Se1ected Photographs of a Deck F1n1sh1na
5Derat1on Emp1oy1ng a Transverse Ro]]er F1n1sher

 35B. Another machlne conf1qurat1on (N J. 174,1A). This

: v particular finisher uses two forward augers and a larger:
? . B finishing cy]1nder. The suspended f1nish1ng head travels
-35A. F1n1sh1ng and sea11ng of concrete by a revolvinq cy11nder . across the deck in the truss-enclosed carriageway and is
‘and pan float following initial strike with an auger(I-295, ; advanced 1ong1tud1na11y us1ng cha1n dr1ven ro11ers.
3B&4A). Cy11nder rotation is reversed on second (fina]) equ1pment . ,

pass. Notice that some small transverse ridges remain to be

‘removed after mach1ne finishing. ‘

- 35D. Applying final finish with a burlap drag.

-8G1-

35C. Intermediate hand finishing using & metal float v | ' - e
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. 6.2.2 Data Co]]ection Procedures~' The methods of colTect1ng and

i ti report1ng roughometer and stra1ghtedge data for the stud1ed br1dge :'
, f,decks differ 1n some respects from those emp]oyed for pavements -
 The f1rst of these procedura1 differences ref]ects as a
‘genera11y reduced re]at1ve prec1s1on for br1dge deck roughometer
‘results,' That 1s, it is apparent that br1dge deck roughometer test g
) data must be mu]t1p]1ed by varmous 1arge convers1on factors to p]ace '

' the data on the common ba51s of 1nches per m11e (e g > by 52 8 1n the N

case of a 100 foot deck). Thus, any error 1n fo1low1ng the same 11ne
of travel w1th tne roughometer test whee1 or. in repeat1ng the start/stop
hDo1nts will be con51derab1y magn1f1ed 1n the computed roughness index.
»‘”Further. aoart from magnlftcat1on in the computat1onal process, the
consequence of any 1nadvertent offset from the 1ntended 11ne of travel
is 1nherently more 1mportant on a brtdge because of the large transverse
var1at10n 1n roughness common to structures In order to reduce th1s
additional aspect- of short term measurement varlabiltty, as many as
four repeat readings per whee]path (rather than the usual dup11cates)
~ were made on some structures.‘ | |
A second difference in roughness test procedures between
pavements and brudges is the occas1ona1 ‘use of a d1tferent (1arger)
~sample size for straightedge data than. for roughometer data Th1s
reflects as a d1fference in. the degree of assoc1at1on of the two types
of. roughness measurements. That 1s, on about ha]f of the br1dges tested

with both types of equ1pment c1ose1y spaced prof1]e 11nes were tested




. while only a selected few of these profiles (and in some 1nstances,

fd1fferent profiles) were tested with the roughometer. S1nce the _'

‘l;{with the straightedge in order to develop "contours" of surface defects, S

“fractional sample size and test prof1le locat1on are thus not cons1stently
.the same, str1ct comparmsons between the output of the two roughness

".measurementﬂdevlces on‘a particular br{dge,are not alWays apprOpriate:

6 3 COMPARATIVE ROUGHOMETER AND. STRAIGHTEDGE DATA FOR MANUALLY AND B

MACHINE FINISHED DECKS

Summaries of the average roughometer and roll1ng stralghtedge 3

measurements for the various New. Jersey bridge decks stud1ed in

this research are presented in Tables 25 and 26,

|
6.3. l Manual F1n15h1ng° As shown in Table 25, the concrete surfaces

"{of the tested manually finished decks displayed average roughometer
'fl,ﬁreadings ranging from. about the same to substant1ally greater than our
”"average" concrete pavement (i.e., 125 to 192 Vs, 122 inches/m1le)
| These roughness values are in each case 1ndicat1ve of a "Poor" FHNA

By pavement rldeabilwty rating. On an overall bas1s the "average"

S manually flnished deck is character1zed by about 40 inches per mile or

5

one-third greater roughness than our “average" (marginally acceptable)

concrete pavement.‘ Sign1f1cantly, even 1f the previously descr1bed

Ef,’more lenient bridge roughness gu1del1nes used by some states are appl1ed

to this data. a "Poor" orl"Rough" r1deab1l1ty rating would result for 8

of the l0 tested structures, while only two would be rated as "Fa1r/Good"
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SUMMARY OF ROUGHOMETER DATA FOR BRINGE DECKS

2 EB Spans

. PY‘OJeCt : . e Average D RN
' Date Stgggtggg.-:l ‘ 'Roughness ' ,Finishihg" o
No. | Route & Sect1on Opened ‘ ' “Index | "ngthodl
B N B 78 over No Branch}Raritan L 15‘f‘
o River, 2 WB Spans | - ' 9
: v o 11-78 over Cowperthwaite ' -
! 1-78, 36 | 7766 |Road, 1 WB Span . - ‘ 167
| ' B 11-78 over Lamington R1Ver, . .
12 WB Spans 77
1-78 over Matheson Road e
1 WB Span 192
SR R oo 11478 over Route 523 L
2 | 1778, 3Fﬁ s | “‘12/57 '| WB Span : ) 152
3 | 1-78, 2M83E | 7/68 |Ramp "A" over I-78 167 Hand
4 | N.J9.72, 6A&TA [ 11768 {N-. 72 over U.S.9, 25
o 1 I_NB,span e o
5 | N.0.36, 30  [11/69 Ramp "L" over N.J. 36 N
| 1 ee . VB | 2772 18th Street Viaduct, - N
-6 1 I1-76, IF&ZC, . 4/73 2 WB Spans 174
N . {U.S.7322 EB over 1-295, SR
| I- 295 15 12/&8.‘3-spans . | 170
_ HAND FINISHED RANGE 125 192 IN/MI AVERAGE 161 IN/MI
o .,I,[ . Tus. 322 WB over I- 295, —
78 | 1-295, 1S }12/58 3 Spans 107
o . PR - 1U.S. 1 over Rar1tan River,f 1408
8 | U.s. 1,60 111769 |5°5h spans | 1397 L
- : — - — Longitudinal
: 1-95 over Nest Pierson s
9 | 1-95, 1A /70 | avenue. - N5 Machine
" . _:‘T E {1-78 over Waverly RR Yards SR B b
IOY_ 1-78, 5Y »5/69.:1 EB Span : M
LONGITUDINAL MACHINE FINISHED RANGE ]07 I4I IN/MI AVERAGE,IZSEIN/MI' |
Eibow Lane over I- 295 » 107
Both Spans:
= 1 Transverse
: . wOodlane Road over I- ?95 ' ‘
1| 1-295, 3B84A  {10/72 |poth Spans 120, foller
" [Beverly Road over I- 595, 132 ’

- TRANSVERSE MACHINE FINISHED;

RANGE IO7 132 IN/MI, AVERAG“ 120 IN/MI

aSingIe screeding pass used

Partial span length, Iongitudxnai!y propel]ed equ%pment, others fu11 span Tength 15"

transversely nrﬂanIpd

¢ .
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TABLE 26: SUMMARY OF STRAIGHTEDGE DATA FOR BRIDGE DECKS

PROJECT | G Average |

— . Structure ' Percent Finishing |
SEES R - Datel | =~ Tested 1 Defective Method
No. ‘Route & Section}] Opened L o | Length

CIN. J 72 Over U.S. 9

1 |no.72, 6a87Af1/68 1B Span T .| 2013

2 fNn. 36,30 11/69E"Ramp "L"-OVer~N.a.135 - 36.6

Jo

| o “ b [ |8th Street Viaduct, - | 1 Hand
3 |1-76,1Fa2c | 4/73 |2 WB Spans | o322

,f b . 1 11-80 WB Over waterloo Y B
4 11-80, 1K - 7/735 Road E v 3.1

lu.s. 322 €8 Over 1-295, SRR

5A |1-295, 15 | 12/68 |3 Spans | 27.0

[
[

© HAND FINISHED: RANGEJZOL1;36.6%' AVERAGE 29.4%

o Hus. 322 W8 Over 1-295,

|5 125,15 |12/68 [3'spans R BN ‘gLong‘tudina]

'w, 1-95 Over west P1erson : Machine

6 195,198 170 favene | 3.9

 LONSITUDINAL MACHINE FINISHED: RANGE 3.9-13.2, AVERAGE 8.5%

Elbow Lane 0ver I -295, X
Both Spans S 1.2

B RIS R f i Woodlane Road Over I 295 |
7 |1-295, 3B & 4A | 10/72. Both Spans Ll N 3.1

| Transverse
5 v — 1 Roller
. |Beverly Road Over I- 295 : ~ ~ | Finisher

{2 EB Spans . L B Y

' o b us. 1 sB over Wh1tehead o] 12.3
8 N.0.174, 1A }10/73 {Road | R

 TRANSVERSE MACHINE FINISHED: RANGE 1.2-12.3, AVERAGE 4.4%

~3ful1 span length equipment
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Th1s level of roughness read1ngs 1s, however, 1n some 1nstances qu1te

| s1m11ar to that reported for decks in other states (e g., by two of R

the three states in Tab]e 22)

The most svgn1f1cant poxnt in connectton w1th the stra1qhtedge

';data for manuaiiy f1n1shed structures 13 that 1n no .case d%d the tested

Jport}ons of any of these decks . even ggroach confermwty w1th our ex1st1ng

fsoec1f1cat1on surface tolerance. The average level of conform1ty w1th eur |

1 ,"present stxpulat1on of “no" defects in excess o*F 1/8 ?ﬂch was found to

| o
be on?y 70 percent (1 e., LD = 30 percent) One m1t1gat1ng factor in.

“this regard however, is that the measured percent defectlve length of

hr1dqes 1nc1udes a htgher proport1on of aeparent (non—extstent) dev1ations*:"
than Davements To some extent then, the reported percent detect1ve f’ .

length is an overestlmate of the actua1 non- conform1ty of the ‘surface.

- Since the opportunmty for these ref]ected dev1at1ons 1ncreases w1th

dev1at1on magn1tude (1 e., for 1/4" or greater defects), th]S effect L

is confined predom1nant1y to th1s manua]]y f1n1shed c]ass of decks wh1ch

. :commonly d1sp1ay severe as wel] as extens1ve defects

The manua]]y f1n1shed deck show1ng the lowest roughness 1s the
N.J. 72-U. S 9 cross1ng wh1ch as prev1ous1y noted was cons1dered at
}the t1me of construct1on to be a very we]?-executed manua] operation
A plot of ro111nq stra1ghtedge data for this smoothest manual]y f1nwshed :}

decP is shown 1n F]gure 36.

*Prev1ously d1scussed in sect1on 2 3 of th1s report (pp 17 18)
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6.3. é‘ Fu11 Span Length Longitudinal Machine Finishingj Average

roughometer read1nqs of 107 115, and 139 1nches per mije were obtawned '

on the three proaects uszng full span 1ength, 1ongitud1na11y osc11]at1ng

‘screeds. As noted, the highest of these read1nqs was obtalned on a deck

on the U.S. 1, 60 proaect wh1ch rece1ved on?y one rather than the :

‘recommended m1n1mum of two passes w1th the f1n1sh1ng mach1ne

While the henef1ts of fu]] span length longltudlnal f1n1sh1ng
relat1ve to manua] f1n1sh1ng can be apprec1ated from the data in genera]
(i.e.- from the 120 vs. 161 inches per mile averagevrbuuhnesshfndex andv'
8.5 versus 30 average percent defective 1ength)f perhaes the‘most o

mean1ngfu] eva]uation of the roughness resu]ts between these two f1nmsh1ng

methods is provided by the part1cu1ar data from the I 295, 1S proaect On i

that project, 1dentica1 three-span structures were bu11t by the same

forces, in one ‘case using manual finishing and in “the other, machine .

_f1n1sh1ng As 1nd1cated in Tables 25 and 26, subsequent roughness

- measurements 1nd1cated the hand f1nlshed structure to have tW1ce the

percent defect1ve length of the mach1ne f1n1shed structure (27 vs 13

percent) and a 60.percent greater average roughness index (170 vs.'107

| inches/mile).

Examination of the detai]ed=straightedqe data:for these twc
structures‘(Figure 37) is also of intereSt Not1ce that in add1t1on to ;

their greater number, surface defects on the hand- f1n1shed structure

are also of generally}greater magnltude Specif1ca11y, an average of only _

about 10 percent of the defects.on thevwestbound,structure exceed 1/4 ‘inch,

)
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t vwh1Te 40 percent of the defects on the compan1on structure exceed 1/4 »

‘v7g‘1nch F1oure 37 also shows that the percentage of the manual]y "

‘T‘{v\f1n1shed deck exceed1ng a 1/8 1nch toTerance was relat1ve1y constant

. at about 26 percent from span to span On the other hand the macnlne df

,‘;rF1n1shed deck d15p1ays marked soan-to soan d1fferences in percent

defect1ve.v Thls'var1atton 1n the extent of surface defects 1n turn

- Tead to ind1v1ﬂwa1 roughometer test vaTues rang1ng from 70 to 125 1nches »

B per mi]e (i e., runn1no the gamut from "ExceTTent" to "Favr/Poor"’FHWA
o < |
:‘One apparent]y 1mnortant factor enter1ng 1nto

Ffiisfth1s vartat1on is extent to which the contractor was. guaded in h1s use ;

:r‘of the equ1pment by the manufacturer That 15, the smoothest deck

;resuTted from an operat1on superv15ed and part1c1pated 1n by the

"Tf‘g'des1gner/manufacturer of the f1n1sh1ng mach1ne, on the two rougher

fspans, the screed manufacturer was e1ther not present or not act1ve1y -
}'lgengaged in. the work | T > S | T ,v‘ v
The on s1te ass1stance of the screed‘manufacturer s1m11ar1y

fhrepresented a construction "pTus" in. the case of the deck construct1on

on Route I 95 Sect1on 19A The d1str1but10n of stra1ghtedge defects

-~gon th1s deck is shown in Flgure 38 As prev1ous]y noted, this deck a]so S

fbenefited from an automated rather than manuaT f1haT belt f1n1sh1ng
":YObserve that the re]at1ve1y few measured stratghtedge defects are agaln

| gdrpredominantTy 11m1ted to 1/8 1nch magnltude

— e :

izl
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A'f_’fthis deck were rated as. “Good", 1t wou]d apoear that thlS samp]e can

633 Part1a1 Span Length Long1tud1na] Mach1ne F1nlsh1ngf The roughness e

of the one stud1ed deck (I 78 Sect1on 5Y) constructed us1ng a part1a]

1 “i,span,}ength 1ongttud1na1 f1n1sh1ng machﬁne was gauged by roughometer

| ’“measurements.alone.; The average roughness 1ndex of !41 1nches per mile"
-observed- for this deck trans]ates as. a (very) "Poor" FHWA pavement
rwdeab111tv rat1ng and as a "Fa1r/Poor" br1dge rat1ng us1ng the ‘}

vsmoothness cr*terma of Tab]e 23

S1nce the constructlon practwces 1nvo]ved in Dlac1ng and f1n15h1ng

‘f“fbe cons1dered as a reasonab]y representat1ve tr1a] of the part1a1 span
]ength type of 1ong1tuiana1 f1n1sh1ng equ1pment While 1t is. of course
id1ff1cu1t to draw conc us1ons of any great moment from a s1ng1e test such
,as th1s, our 11m1ted experlence does appear to be s1m11ar to that reported

3 That 1s equ1pment of th1s part1a1 span length confxguration

. by M1ch1gan
o y1e1ded a r1deab111tv 1mprovement compared to the qenerai run of manua!]y‘ :
dfinished decks, but dwd not prov1de the smoothness ach1eved on. the best

of the decks fin1shed w1th fu11 soan ]enqth screeds

jt6 3. 4 Transverse Ro1ler F1n1shed Whi1e tWoitransVérse rolier-finished

lbr1dqe prOJects were 1nvest1qated--the New Jersey 174 1A and’I-295 k38
' and an contracts--on]y the 1atter work was tested w1th the rouqhometer i

as we11 as the stra1ghtedge. e

30p. cit.

BN e




. the most supplementa] hand work .
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As indicated in Taa1e 25 the averaqe roughometer read1ngs for ,

[”f the three tested 1-295 br1dges were about the same as those for the

fu]] 1ength 1ong1tud1na11y screeded decks wwth respect to both range

_;;,and mean.‘ The overal] average of ]20 1nches ner m11e for these structures o

‘1s aqain about 40 1nches per m11e 1ess than the manua1 f1n1sh1ng average

and mer1ts a "Good" re1at1ve r1deab111ty rat1ng accord1nq to the br1dge

deck roughness cr1ter1a of other states , o | : “ o
The magn1tude of these part1cu1ar read1ngs--a1though genera]ly

"Good“--are however, surpr1s1ng]y high 1n view of the stra1qhtedge

data for the structures. As 1nd1cated in Tab]e 26 the tested port1ons-

'.‘of the I 295 decks show the greatest conform1ty to our ex15t1nq surface; a
] to]erance of any the decks stud1ed The 1ow measured percent defect1ve
F‘llenqth (1 2-3.1. percent) for these decks was in fact se]dom observed on

,: the samp]ed concrete pavements of th1s study The extent of stra1ghtedqe
»,; defects on the other ro]]er-f1n1shed Job (Route 174), wh11e h1gher than
:»that of ‘the I- 295 work, 1s on]y about half that for the best manual]y

,..f1nished deck samp]e (1. e‘, about 12 vs 20 percent defect1ve)

A plot of the smoothest of the tested decks—-the I 295 E]bow Lane

"dfstructure4-1s‘presented in Flgure 39 As shown, each of the three

" masured defects occurred near a Jo1nt the port1on of the s]ab rece1v1ng'

| S
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EE“f;1<5 4 RECENTLY ADOPTED CHANGES IN THE SPECIFIED CONSTRUCTION PRACTICES
| ' FOR NEW JERSEY BRIDGE DECKS

! .

‘6'4 1 Nature of the Changes Based on the observed improved rideabiiity

”-‘achievab]e thru use of mechanized deck finishinq equ1pment as wei] aS'

the assoc1ated potentia! for 1mproved durabiiity* New Jersey has
L FGCGNtly adopted specifications requ1r1ng their use. PR

l

' Reaiizing that a quaiity 1mprovement (rideabiiity in particular) .
wili not accrue automat1ca11y from the mere’ prov131on of mechanized
| finishing equipment, our ;ew specifications aiso contain prov151ons o
designed to yieid'an_overaii construction ciimate conduc1ve to quality tfﬁ;,

‘work. A copy of the néw bridqe deck construction spec1f1cat10n is-

\ L

V-these new Provisions is as fo]lows : w ST

‘N‘- required pre-pianning At least a month before the proposed

start of deck concreting, the contractor must submit a written plan of N
: ! -
f*operations for rev1ew by the -engineer,. In’ this plan the contractor 1s o

required to prov1de detai]s as to his proposed methods,

J )
equipment, and personnei utilization. Concrete p]acement w111 not '

7 be permitted until the engineer 1s satisfied that, first, the operation»

|
i

‘|‘
i
}

a_*The potentia1 for improved durability accrues from the pOSSibiiities
for minimizing such detrimental hand- -finishing practices as overfinishing
and sprinkling, from more timely finishing, and from more consistent .
achievement of desired reinforcement cover. With regard to the 1atter
point, while surface irregularities (Tows) are of course not a necessary
condition for deficient cover, such. may be suffic1ent cause for at ieast
'isoiated cover reductions. Lo S R :

E
o
|
[
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w111'be compieted'within‘the scheduled time' secondly, the necessary

' f‘-?}on s1te preparations have been made and, f1na1]y, un1ess there 1s a.

‘reasonab1e expectat1on ‘that the: contractor S proposa] w111 result in
work of the requ1red quallty

. minimum rate of;piacement Concrete delavery, distribution

‘fand conso11dat1on 1s to proceed at a uniform rate to 1nsure a cont1nuous
operatxon. A m1nimum placement rate of 30 cub1c yards per hour is to be
ma1nta1ned for decks of 180 cubic yards or 1ess, wh1le 40 cub1c yards
per hour is spec1f1ed for decks of qreater vo]ume

. perm1tted f1n1sh1nq equupment Unless otherw1se indicated on

the p]ans*; an approved se]f—nrope]]ed f1n1sh1no machine of either the
rotatlng“cy11nder or_osc1]1at1ngﬁtype 1svrequ1red for deck strike-off
and»finishingt _Longitudina1‘or transverse type machines;are permitted
1c<‘)T‘.SD¢':mS upjto‘75 feet, while machines for spans tn excess of 75 feet |
are required,to‘be'of the transverse‘type. Longxtud1na1 f1n1sh1ng equ1phent
must he of the‘fU]i span 1ength variety.,‘Transverse:mach1nes must general]yv
.bevof sufficientﬂsize torfinish a'widthnat least equal to that of the
approach pavement Pr1or to the placement operation, the adjustment of

the f1n1sh1ng svstem (both the mach1ne and guide rails) .and the cover over

crebars and forms are to be checked by means of a dry-runQ

*According to critéria 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 cross-slope; certain combinations of variable width).




==

e 'concrete p]aCement* The delivery and. d1stribut1on of- concrete '

'5f sha]] be such that the worktng face of fresh mater1a1 is at a]] t1mes

”approx1mate1y para]]e] to the f1n1sh1ng machtne or other str1ke off.-

The operat1on of a transverse f1n1sh1ng machmne shal] be coord1nated
| such that the 1nit1a] strlke is. never more than 10 feet beh1nd the f
'placement Str1ke-off byya 1ong1tud1na] mach1ne is to be delayed
'until concrete has been placed a m1nimum of two bays w1de over 1ts

entire length Th1s de]ay will perm1t that port1on of the deck to -

. assume most of 1ts fina] deflectton and thus w11] ‘minimize the potent1a1

for def1cient cover/s]ab thwckness Subsequent strike off by the ;~
| long1tud1na1 mach1ne is to un1form1y lag p]acement by the m1n1mum _?-_

two bay w1dth After the 1n1t1a1 str1ke, any operat1on requtr1ng ,

l

h access’ to the surface sha]] be made by means of a work br1dge

Whlle many readers may be famt]iar w1th the genera] need for

t-spec1f1cat1on requ1rements such as those described the fo]]ow1ng
Ul

extreme example 111ustrat1ng this part1cular need is belleved
. , o

‘ worthwhi]e :
l .
s

On one of the studled brldge proaects, the res1dent eng1neer

: fe]t that the contractor s proposed methods of p]acement and

f1n1shing (hand) wou]d be 1nappropr1ate for the approxtmately 145 cub1c
_yard pour. The resident was not however, ab]e to force modif1cat1on

in_the'proposal under,the exist1ng spec1f1cat1on framework ‘The




N T R,

| - :vant1c1pated problems were rea11zed on commenc1nq the ooerataon 'The o

’placement method proved 1nadequate and- a hand pushed bquy de11very

“system had to be 1mprov1sed Th1s 1n turn necess1tated on—the spot
',,recru1tment of add1t1ona1 1abor from elsewhere on the progect (e q y stee]‘
‘M painters, aspha]t laborers, a foreman from another contractor) P]acement"‘"
t..proceeded at a rate of about 12 cub1c yards per hour unt1] dark. Houever,;"'
}'the ava11ab1e f1n1shtnc force-—1n part hampered by de11very of- concrete |
.dof w1de]y vary1nq workab1]1ty--was not. ab]e to- keep up w1th even this
'rre1at1ve1y modest rate of placement F1na1 f1n1sh1ng cont1nued unt11
babout m]dntqht under the (1nadequate) 111um1nat1on prov1ded by veh1c]e

: head11ghts and severa] propane. lamps | Subsequent ro]]tnq strawghtedge

measurements 1nd1cated that about one th1rd of the deck exceeded the

' spec1f1ed surface to]erance w1th 1nd1v1dua1 defects rang1ng up to '

1/2 inch pTus.}_*,"‘

Wh11e a number of observat1ons can be made concern1nq this

N examp1e poss1b1y the most 1mportant 1s the obv1ous need for a we]]

thought out p]an of construction

6.4.2 ImplementationiOf thelChanges°‘ The described Changes*in"New'f.<'

*;Jersey br1dge dect spec1f1cations viere Tmplemented 1n a two step
o process. That 1s, pr1or to actua1 adoptlon of the spec1f1cat1on, the

ycontractor qrouns affected were not1f1ed of the 1mpend1ng change and

strong1y encouraged to use mach1ne fin1sh1ng, w1th the rev1s1ons actua]]y

_being 1ncorporated six months later (Ju]v 1 1973).

Lo

¥
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An encourag1ng deve]opment 1n thts regard has been the cooperat1on
and feedback by New Jersey contractor qroups notably thru ‘the New Jersey>
Heavy and- H1ghway Construct1on Industry Advancement Fund (NJCIAF)

ser1es of deck f1n15h1ng Jem1nars Jo1nt1y sponsored by the Department

and NJCIAF have stwmu]ated a better understand1ng of the advantages
. and the 11m1tat1ons of mach1ne f1n1sh1ng (e 9-» the need for desxgns

- omgattb]e wmth machine méthods) on the part of the contractor,

consu]tant and. Transportat1on Department emp]oyees attendlng

6.5 PROPOSED BRIDGE DECK‘SMOOTHNESS ACCEPTANCE SPECIFICATIONS

‘_”‘6 5,} General A close ana]oqy EXIStS between the use of mechan1ca1
i br1dge deck f1n1shers and automated paver controls wath respect to

~ the equ1pment S potent1a1 1mpact on r1deab111ty and the actua]

r1deab111ty ach1eved That is, wh11e requ1red machine f1n1sh1nq can
be expected to effect an overa]] 1mprovement in New Jersey br1dge

deck r1deab111ty, the degree of acceptab111ty of 1nd1v1dua1 future

: prOJects w111 cont1nue to depend on the extent to wh1ch the variab111ty
1nherent 1n every construct1on 1nput -~ men mater1als and equ1pment --
- is contro]]ed There 1s a reasonab]e expectatton that even on

well planned prOJects, an| occas1ona1 shortfa]] w111 occur w1th respect :

'fto the spec1f1ed rate of supp]y, the proper use of equ1pment or -

the qua11ty of workmansh1p

The c]ass of deck construct1on most 11ke1y to prov1de except1ons

7i to any trend for 1mproved r1deab1]1ty are those where hand f1n1sh1nq

is. permltted by spec1f1cat1on exceptlon Swnce none of the hand flnxshed

\
|

decks’ tested in this work approached conform1ty w1th requ1red surface
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,A.,ftolerances, 1t seems reasonab1e to expect substant1a1 nonconform1ty
‘on future proaects espec1a11y s1nce one basws for perm1tt1nq hand- .
“vf1n1sh1ng 1n the futurew111 be ‘the relat1ve omp]ex1tx of the ‘deck
geometry. PR

New Jersey's deck COnstructionxprovisions continue'toISpecify
; that the deCk shall be comp]ete]y'free of straiohtedge deviatiOns
~in excess of 1/8 1nch in 10 feet In the event of a non- conform1ty,
the contractor is “a]lowed" to remove high spots up to 1/2 inch by
grinding. Th1s zero defect prov1swon is equally, 1f not more,
unrealistic for br1dges than for pavements k

The under1y1ng philosophy and details of proposed a]ternate
specif1cat1ons:for bridge deck smoothness are developed in the |
following two report subsections. ‘The criteria offered are patterned
after the ro1ting straightedge-based provisionsiprevjous1y'retommended

\
for pavements.

1 6.5.2. Underlying Philosophy: Developing the overa]1 framework for

a r1d1ng qua11ty specification is fundamentally an exercise in
engineering judgement. Th1s is part1cu1ar1y true in the case of br1dge
deck smoothness prov1s1ons s1nce while a deguate, the present deck
r1deab1]1ty sample is certainly not exhaustlve as to roughness resu]ts
obtainable with mach1ne f1n1sh1ng. |

A discussion present1ng the writer's: op1n1on as to an appropr1ate
basis for smoothness acceptance of New Jersey br1dge decks is as

fol]ows.

»
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‘w111 fa]] in one of three

‘f pt1on or manua]]y f1n1sh

“wh1ch the spec1f1cat1on 1s

" is not de51rab1e
vvswas or1ented to hand f1n1s

~~ would not be fa1r to pena1
_dsplays considerab]e defec
“of acceptancev11m1ts that

: ,r1deab111ty

~ who use mach1ne f1n15h1ng

‘j:separate acceptance schedu

Spec1f1cat10n or

ientation‘

0bv10us1y then, the

'FutureJNew'Jerseu'bridqe decks'-

general f1nishing cateqor1es--mach1ne

ed.‘

f'i‘rst deci-sion -»Wh/i'ch mst be made is the

f1n1shed by spec1f1catlon regulremen . mach1ne f1n1shed by contractor

type of deck f1n1sh1ng resu]ts (1 e s hand mach1ne or both) to 5

The s1gn1f1cant1y d1fferent leve] of surface defects between .

l

to be or1ented

hand and mach1ne f1nished.structures 1mmed1ate]y suggests that the

use of a s1ng]e, "umbrel]a" prov1s1on for both types of constructlon

I

Further, suc

the equ1pment

Th1s wou]d be espec1a11y true if the spec1f1cat10n

h1ng.;;Theiprob?emphere«Js‘that whjle_wt

1ze7awWell#executed'hand-finished job”h i

t1ve 1enqth

h 1en1ency wou]d not stmmu]ate contractors

to obtaln the best resu]ts ach1evab1e w1th a8

s

"avallable data. 1nd1cates that even our best manua] construct1on e

Thus, the: requ1red ]en1ency

;u1n a spec1f1cat1on 1nc]udﬂng manua] methods would prec]ude the use L

'accurately ref]ect the des1red ]eve] of

In view of these d1ff1cu]t1es and the re]at1ve1y 1ow
- estimated percentage of future deck constructton that w1]1 be excepted
- from- mach1ne f1n1sh1ng requ1rements (about 20 25%)?,’t seems apparent

| that manua] and mach1ne f1n1shed br1dge decks shou]d be ooverned by

75



| ',-],76-' ' o

}f1nishing

An add1t1ona1 1mportant cons1derat1on in develop1ng smoothness |

specif1cat1ons for br1dges is the des1re to encourage use of mechan1ca1

\deck fin1shers even where such equ1pment 1s not spec1f1ca11y egu1red

This factor»suggests that the smoothness prov151ons for machlne f1nlshed

: decks be d1v1ded ‘into subcategor1es ref]ectfng whether use of mechanfzed

methods was requ1red or elected It 15 hlghly concexvab]e, for examp]e,
that 1f g1ven & choice between f1n1sh1ng methods and faced with a '
single (re]atively stringent) set of provxstons appltcable to machlne

f1nishing, a contractor wou]d be extreme]y he51tant to use other than '

3"‘manua1 methods

Based on ‘the’ preced1ng then, it is proposed that separate

- acceptance policies be adopted for each of the three c]asses of deck -

f1nish1ng, the prov1s1ons of wh1ch general]y proceed in order of -

' 1ncreasing 1en1ency from requtred machlne to optiona] machine to manua]

. Limits of acceptab111ty Since‘the optionaT”machine and

' manual finishlng categories w111 be the except1on of future deck

construction proaects, a discussion of proposed acceptance ]1m1ts for

;these cases w111 be delayed to a later report subsect1on (6 5. 3)

~In the case of decks spec1f1ed to be mach1ne f1n1shed, it is

Abelieved both feas1b1e and desirab1e that acceptance 11m1ts be generally_

structured so as to achieve a goa1 of comparab]e r1deab1lity w1th concrete

_pavements. Like pavements then a graduated penalty sca]e is proposed

v'for decks which exhlblt surface irregular1t1es 1ntermed1ate to an-

acceptab]e quality ]eve]uand artotally;reqectable qua11ty ]eve].

o
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A “extreme

}penalty

The proposai for decks does however enVision departures from

'"v';the acceptance p]an for pa

t'fdeck acceptance p]an rath

. :plans.t The onset of pena]

proposed at 6 percent defe

| :;;fpreViously established for concrete pavement.r
":5ﬂhigher acceptance iimit,

vet@straightedge sampling rate

f{ﬁrisk of having adequate de

| "SY:Further, this combination
| -\°f~will effectively redefine

‘°?afor machine-finished bridg

~ as required for pavements

”,daiess critical of deck ride

vements at each end of the penaity spectrum

V;The first of these 1nv01ves the penalty/no pena]ty demarcation for

vamachine-finished decks and 1s best described as a "feature“ of the g

Fr than»a "difference"~between‘deck/pavement
ties for these machine finished decks is
ctive ]ength rather than the 5 percent

Use of this siightly B
ombined With a (1ater described) higher

; w111 Significantly reduce a contractor s
ck rideabi]ity reaected and penaiized -
of a- higher acceptance 11m1t and sampling ratee

the acceptab]e (no penalty) quaiity level

es as “Fair“ rideability rather than "Good"‘

\ -
‘ In effect then New Jersey wouid actua!]y :

"fl,be fo]]owing the prev1ous]y noted practice of ‘some- other states of being ;

ability

Additionally, due to the greater expected frequency of extenSive kS

o ona bridge deck compared

"Ffrom the pavement acceptan

That is avai]ab

& fof pavement lots 50’ conSi

In contrast ‘eve

f_*cf Tab]e 21 page 14!

‘ai;straightedge defects and. their associated greater (monetary) consequencel'

to a pavement a more fundamentai departure
ce. p]an 1S necessary at the other pena]ty

ﬂe data* suggests on]y an 1nfrequent occurrence
stent]y rough ‘as to ca]l for the most severe

n some of the machine finished spans in the
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present data séﬁplé dispiéy afperceﬁtvdeféctive'in éicess of—the' .
rémové/rep]acé Crftéria for concrete pévemeht (i.é., Lp '3> 14%). -1f
rémbvalvand replécément'is-a.drastic and seldom éxerc%sed meaéurer

~ for a pavemeht,‘it,is even more so in the case dfnavdeck.-‘Conseqqent?y,
while,"Very,Poor“7rideébi]ity.cou]d reasonably be qSéd as‘a_totaily g
rejectable dualitleevel on both pavéﬁents and bridges, it isﬂsuggésted
that some ranggs'of bridge deck percent defective 1ehgth:aboye this

tru]y "tota]ly»Fejectablg" leveljbe accepted Sut”With increased percentage
payment reductions; This is not'to say, however; that’thé‘state}shouid

consistently accept decksrwhich'are actuaily of totally.kejectablefriding

qua]ity'from:a given contractofg If a contractor provides a-span

with a gross percent defective 1ength, this is evidence that his methods
and/or équipment‘are inadequate and he‘should not be pefmitted to
initiate any fufther project pours until a revised plan of‘operations'is
approved. It is here suggested that if a machihe-finished deck disp]ays}
20 percent defective length, this constitutes a "grdssly non-compliant"
level of surface defects. indicatfvé of a need for reviSed;construction
practices. | | |

* Penalty dollar value: It seems reasonable that the dollar value

of any bid priée adjustments for rideability deficiencies should be
essentially’the same for concrete pavement.ahd bfidge deck construction.
That is, the concrete pavement and deck smoothness provisions should be
strdctUred such that a straightedge percent defective length correspdnding
to a given degreé of unacceptability will result in about the same vx" |
dollar payment reduction per unit of sqrface area on either type of

construction.

VY y
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Wh11e the under]y1ng bas1s of smoothness pena]taes is the amount

. »,"]'_79’

| of r1d1ng surface area prov1ded br1dge deck b1d prlce adaustments shou]d
| ;wfor conven1ence be 1ev1ed on the cub1c yard pay 1tem for structura]
e p.concrete Current b1d pr1ces 1nd1cate that to achleve comparab1e
;épena1t1es each one percent payment reduct1on per square yard of ,[7v

‘_'concrete pavement shou]d correspond to about a 1/4 of one percent

payment reduct1on per cubtd yard of deck concrete furn1shed* -

Any attempt to achleve comparab]e penaitaes for concrete deck o

";d and pavement construct1on must, however, ref!ect tne fact that appltcatwon
Jrof a sma]] percentage payment reduct1on to the re]at1ve]y smal] area ot
J}a br1dge deck can resu]t 1n a very nomtna] absolute pena]ty T '
i;f'111ustrate, Tab]e 27 shows the expected do11ar value of a sltght (2%)
f pena]ty app]1ed to a “typ1ca1" day s productlon of brvdqe and on qrade
. pav1ng From these. ca]cu]attons, 1t appears reasonab]e that a. contractor '
:vfplac1ng a pavement wou!d thru appropr1ate contro] procedures, actwvely |
>lattempt to m1n1m1ze has chances of rece1v1ng even th]S ]owest pena1ty
i"':“:In contrast the consequence of the s1lght penalty on a bradge deck is -
"‘so modest as to be of dub1ous va]ue 1n motxvat1ng the contractor Based

, on these cons1derataons, the 1owest smoothness pena]ty for brtdqe decks

{

-w1]1 be set at a 1eve1 wh1ch hopefu]]y w11] st1mu1ate the contractor to ”'
E avo1d provid1ng the state w1th marglna]1y acceptab1e as we]] as tota]]v o

. 'reJectab1e r1ding qua11ty

b

'ﬁ*Examp1e A one percent penaity assessed onyéqanCh“th1ck'New Jersey

pavement typically bid at $10 to $12 per square yard amounts to a
. payment reduction of 40 to 50 cents per cubic yard supplied. Approx1mate1y
‘the same reduction would accrue from an 0.25 percent penalty on our

, typ]ca] deck concrete b1dtat $]50 to $170 per cub?c yard
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Estimated Dollar Value of a "S]ight“ Percentage o
Payment Reduction Applied to Concrete Pavement -

 TABLE 27

and Br1dge Deck Construction

Acceptancc Lot Size

- "Typicalﬁ. : j"TypicaTﬁ
Concrete . Concrete
. N ~ Pavement ‘Bridge Deck
Daily Production = 3,500 yard? " a 125 yard®
- per day deck pour-

o Bid Price

1 -$]0'per yard2 '

$160 per yard3

lenit Bid Price
Adjustment
Associated with a

“STight" Penalty

2vper§ent per

v 20¢
per yard2 or_
80¢" per yard3”r

yard

acl/z-gercent per

° = same 80¢
per yard>

Total Pena]ty _
, Applied to. the ,
- Day's Work -

§1000

Timing of spec1ficat1on 1mp1ementat1on r

It 1s proposed that

}New Jersey s smoothness acceptance prov131ons for machlne fin1shed decks }-'

be 1mp1emented 1n a schedulelwhich provides a one year per1od of very

‘ .1en1ent prov151ons (1 e.,. pena]ties suspended except for "Poor" or‘

»‘"Very Poor"‘r1deab111ty) prior to adoption of acceptance 11m1ts _

"“accurately ref]ecting var1ous degrees of unacceptab1]1ty

Th1s

transition per1od wou]d prov1de contractors w1th the opportun1ty to galn .

further experlence with mechan1ca1 f1n1sh1ng equ1pment our new deck

' specifications in genera], and enforced surface tolerance requ1rements

Cdn particu]ar B

=




8

-

7pract1ca1 to rout1ne1y test the ful] “‘length of each. wheelpath of a

Amount of testing;performed Un11ke pavements, it is entlrely ‘

ij*bridge span with the ro]11ng stra1ghtedge V&Consequently, such a 100

percent samp]ing p]an 15 1ncorporated in the recommended smoothness

acceptance scheme for br1dges

An 1mportant benefit of - testlng a]] whee]paths 1s that in

. 'comparison to pavements,‘contractor ‘and- state penalty r1sks (regectton )

of good and acceptance of poor r1deab111ty, respect1ve1y) can both

be reduced. Th1s accrues from the fact that eltmlnation of var1ab111ty

1ntroduced by fractional samp11ng--genera1ly by far. the 1arger component

of tota] straightedge measurement process: var1ab111ty*--w11] ‘cause
_bbridge deck. straightedge measurement dfsper51on to be pr1ncipa1]y a

“qunction of. the precis1on of the 1nstrument 1tse1f This fact can,

for example be expected to resu1t 1n the measurement standard deviat1on

being reduced by at least a factor of three compared to various |

: factiona1 samp11ng plans employed for acceptance of concrete pavement.

As prevously a]]uded to, th1s relative reduct1on in measurement

_iuncertainty in turn has an 1mp11cat1on on the comparat1ve 1en1ency

| between the smoothness acceptance plans for concrete pavement and _"

bridge decks. That 1s, recall that the percent defect1ve 1ength

correspondlng to the onset of concrete pavement smoothness pena]t1es

was not set so]ely on the bas1s of the acceptable qua11ty level

| (L = 3% --“Good") but rather at a h1gher Tevel (LD = 5% = "Fair")

- that allowed for measurement uncertainty ' S1nce_1ess_measurement«>;‘

I

R B S ‘ : o . < . -

*cf. Figure 26, page 114, - . .
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‘varfation is expected for bridge data, the onset'of penalties couldibe
set at a level c105er to the desired quality ieVel'with no increase in
risks*, Consequently, use of the same “no penaity“ demarcation for

decks as for pavement (5%) actuaily would be more lenient 1n the case

 of a deck since it would in itself effect a redefinition of the

acceptable qoality'ievei from “Good" to "mid-range Fair" rideability.
The current‘preoosai to increase this no-penalty demarcation from

5 percent to 6 percent resu]ts in an even more lenient acceptance |

| criterion

"f'Retainingfthe engineer's discretion: While appliCation?of

the\proposed penaities for deficient'riding queiity'is'not optional g
with the;project resident, it is felt that any decisiOn as to remediel
measures forfsurface‘irregu]arities‘shouid retain engineeringgdiscretion.
The proposed‘specification consequently contains a conditional statement
that the engineer mgxgorder any or all surface defects in excess of
1/8 inch in\iﬁifeet to'be”corrected,f The_important fact here is that
even isolated‘eurface'deficiencies may requireICOrrection'because,of
their pronounced'detrimentai(effect On"rideability or the overall |
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
engineering judgment also appiied to cessation of deck concreting.

Our new deck specifications wili permit the engineer to reaect equipment

—

- S ‘ L ‘ L : o g ;
*Consider the extreme case: If there were no measurement variation

in straightedge data, the onset of penalties could be set any slight
increment above the acceptable quality level with no risk'"?'making

- an inappropriate acceptance/reaection decision

V
l




or. methods which resuit‘in‘work that does<‘ot meet the i/8th inch

Tﬁisurface-tolerance.% Thus the preViouslynsuggested (20% defective)

i TR h;fi*t =iimit for a reVised plan‘of operations is- not intended as the iimit

S "}for discontinuing operations but rather--in the writer s View--as ft
a boundary above which there is no reasonabie alternate. -On- either f

"’,the mechanized or manuai‘type of deck construction then the engineer :

.emay (and shou]d) in some cases exercise his option to discontinue 'i"
operations on decks where some iesser percent defective resuits.;hif

i"f' Diminished value of a corrected surface ' Thus far, the

discussion of a deck smoothness acceptance scheme has by implication deait
 with oniy one of the two pOSSible generai cases of deck acceptance
i That is, with the case where surface irreguiarities in excess of the
- ', Lo specification to]erance are aliowed to remain in piace on the deck
| An appropriate ievei of penaities for the second pOSSibie case--that ,
" where the Engineer requires or permits surface deficiencies to be i
ii'icorrected by either fiiiing or grinding-aremains to be determined
N It seems reasonable that if surface restorations are required,
factors quite apart fromfrideability--including the diminished appearance‘»ﬂ"
"“durability. or skid resistance of a ground or patched surface--caii for
. i_at least some minimum payment reduction. N o “qi ”‘:v', e
: | 8 In the subaect deck specification it is proposed that if surface
‘corrective measures are required a second straightedge sampiing is to -
B be- made of the correctedisurface. The contractor is then assessed a
;a“‘;;‘~f h;f',‘penaity corresponding towthe revised percent defective iength indicated

‘i:f in the retest or at least 2 5 percent of the bid price of the concrete

i
i
|
i
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i”_incorporated‘in the'affected slab Thus, 1f surface defects are so
‘ extensive or severe as to require selected surface restorations a
o minimum penalty of about $500 can be expected for a "typical“ day s

- production

. 6'5 3 ProposedlSmoothness Acteptance Schedules*' A'discussion of'the

B ?gspecific acceptance schedules proposed for each of the three general

v'classes of New Jersey deck finishing is as follows

+ Machine finishing by spec1f1cation requirement The proposed

riding quality requirements for decks where machine finishing 1s »;_
‘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, . I "_ |

| As indicated during the one-year transition period following

| adoption of the specification, any percent defect1ve length that would

be expected to yield an average rideability rating better than borderline_

‘“Fair/Poor" will be accepted without penalty Note, however, that during}” e

dlvthis first year. a penalty of substance will not be lev1ed until the

straightedge equivalent of "Very Poor" rideability is exceeded (1 e.,

= l4% totally reJectable pavement rideability) A similar situation 7'
is 1ndicated for decks in follow1ng years., “That is, the expected dollar

"'_value of any percent payment reduction can be expected to be relatively

] nominal unless "Poor“ or worse rideability 1s provided B

| During either specification period decks displaying a percent
defective up to nearly tWice the truly totally reaectable level (i.e.,
o LD up to 25%) will be accepted with a penalty The indicated acceptance

| [.2 5

i
A

K

\C'
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Table 28:

Comparison of Proposed -Smoothness Acceptance Schedules for Concrete
Pavements and for Those Bridges Required to be Machine Finished

CONCRETE ' ~ CONCRETE BRIDGE DECKS
PAVEMENTS (Machine F1n1sh1ng Required by Spec1ficat1on) N ‘
| Decks Bid in the One Year Per1od X to Yo Decks Bid Subsequent to Date Y
Lot : | Percent N Percent | "Typical" _ ‘ - Percent | "Typica]" '
Percent Expected | Payment <:LD ”Expected Payment Penalty : LD‘ Expected Payment | Penalty
Defective Riding Reduct18n Riding Reductign Dollar ' Riding Reductign Dollar
Length, Ln | Quality | Per yd : : Qualit Per yd Value, - ' uality . Per d Value
| ™ (Note A) || (Note B) Y YT (Nofe't) Quality y | |
: Fair o ‘ . - Fair - BN B
- 5% or | none : » 6% or none 0
or less - Better : o 5 or less Better : o
r - ° 8.9% Fair/Poor : »
e Fair “or less or | none 0 ‘ C Fair I
5.1-11.0 to | 2% Better 6.1-8.9 | to 1% 1§ 200
- Paor ‘, Fair/Poor 8
, Poor , | Fair/Poor , , , Fair/Poor 1
11.1-13.9 | - to “10% 9.0-13.9 | to ] 1% $ 200 | 9.0-13.9 to- 2.5% | $ 500
| Very Poor - | Very Poor : Very Poor B ‘ -
| | 14.0-24.9 | Very 7% $1,400 |14.0-24.9| very 7% | $1,400
14% o 1 20% Poor ’ Poor : | R
or Very or - —
more Poor remove 25% : - 25% : : b
, “or Very 15% $3,000 or Very 15% - | $3,000
more Poor ' more Poor ,
Notes: A. Percentage Payment Reductions: An "X" percent penalty per square yard is also equal to an "X" 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 pr1ces,,
(i.e., bridge/pavement : 1/4). .
B. «Lot Size: Deck concrete is to be accepted in lots equal to the number of cub1c yards p]aced in each 334
production day. _ T
C. Typical Penalty Dollar Value: Assumes a‘“typiCa]",pcur 125 cubic yards bid at $160 per yard or‘$20,000_




-186-

»scheduie thus will essentially encompass the entire range of machine

finishing resuits observed in this work The>penaity dol]ar value

. associated with the’ roughest decks is in about the (2:1) proportion

that they exceed the tota]]y reJectabie, "Very Poor" 1eve1

. Manua] finishing by spec1fication exception. As previous]y

noted, the»rnghneSs data obtained on our manua]lconstrnction differs-,;’
essentialiy‘oniy in the-degree of "Poor" rideabiiity indicated, In

the writer's view, thiS'effectively precludes'formulating smoothness
acceptance specifications for such construction based on a rationa]
balancing of desired quality levels with the"qua]ity achievedt The
available data°instead dictates that acCeptance be based a]mdst
exciusively on the prevaiiing quality level. if for example the
acceptance schedule penaiized some Justifiable but as yet unattained

level of defects (say L = 14% versus the observed minimum of 20%) |

"an eSsentia]ly constant‘minimum level of penalties wOu]d generally be

applied to hand- finished jobs. This circumstance wou]d undoubted]y in’
turn reflect in a proportionate increase in deck bid prices

Consequent]y, as shown in Table 29, the proposal for hand- finished

‘fdecks contempiates accepting decks having the overail range of defects

_ observed in the research sample, With penalties being ]ev1ed exc1u51ve1y

on various categories of rideability which are above a truly totally

' reJectable quality level

Due to their greater expected frequency on manuai construction,
the higher ranges of percent defective are accepted at a 1esser reiative

payment reduction than on similariy,rough machine-finished decks. The




© Table 29:

‘Compar1son of Proposed Smoothness Acceptance Schedules for
Manua?]y F1n1shed and Mach1ne F1n1shed Br1dge Decks

'MACHINE
FINISHING _

" SPECIFIED*

'MACHINE'FINISHING OPTIONAL

Mach1ne F1n1sh1ng Chosen :

Manua] Efnishihg-Chosenff:

Percent
_ADefective -

Length,
lp

 “Expected

Riding .-
Qual1ty

| Percent .

- Payment—
RedUctigh

Expected |
. Riding
‘Quality

‘Percent
Payment

"Typc1a1" e
T Penalty |
Reductign_

Dollar

| Expected |

Riding -

Percent -
“Payment

Per yd

Reduct13n '

;'"Typlcal"' 8

Pena]ty

.-Dollar -

6%
i or ]ess

: Fair
or

Better |

Per yd°

-none -1

16.1-8.9

 Fair:
to

' Fair/Poor 2

g

' 9.0-13.9

Fair/Poor ; T B
' } 2.5%

‘to -

‘.wVery_Poor

13-9%.'

or
“less .

than

-  Very»Poor -

Better | -

Per yd

none’

value |

‘,‘, 19.0%

or
1ess

| Quality -}

,Qua]ityf?'

‘Level,

N Includ1ng{- S
g Very Poort .|

‘none’

- “Value :

|ra.0-20.9 |

Vefy*Poor

Sy

14.0-24.9

_Very Poor|

" $1 ,“4010:

'20.0-27.0’

Very.Pooci, 2.

$ 500

259

]
more

Very Poor

s

. 25%
Ser
more

"Vernyopr

sy

$3,000

'1127 1-34, 9'

Very Poor |

i

$1,400

BT
or
. more

Very;Pcocav

153

| s3.000

#honlicable to decks bid subsequent to the one-year trans1tion period

-8k
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v ﬁ._most severe payment reduction is app]ied to a percent defective of 35

J

1enot oniy because of the high abso]ute magnitude of that vaiue, but aiso -

because 35 percent.appears to be the upper iimit expected for even

pooriyfexecuted work That is, reca]l that in the prev1ous]y described -

‘f examp]e of hand finishing where numerous construction factors ‘did not

Vf_favor quaiity work (page 171),'“on1y" one third of the deck exceeded

'-,the specified surface tolerance

While obv1ous, 1t is worthwhile to emphaswze an 1mportant

i',up01nt with regard to permitting hand finishing methods. In v1ew of

'1'the historical roughness results obtained w1th manuai finishing and

con51der1ng that this Department patently is 1nterested more 1n obtaining

? qua]ity work than payment reductions, 1t is 1mperative that from the
}— onceptua de51gn stage onward, an attempt,bennde to minimize the _

. number of structures which are not amenabie to machine finishing -
) Additionaliy, particuiar thought shouid be given to the 51tuation where
- a hand- finishing option 1s contempiated because of the 11mited size or
. number of structures rather than from ‘the standpoint of a phy51ca1

: incompatibiiity w1th mechanical finishing

Machine finishing by contractor option To. encouraqe use of ‘

'[‘ mechanized deck finishing equipment where such 1s not specificaiiy
B required, it is proposed thatvan acceptance scheduie 1ntermed1ate to the

}'7ij two prev1ous]y presented be adopted Spec1f1ca1]y, as shown in Tabie

i 29, it is. proposed that if a contractor e]ects to use mechanicai finishing

B

methods smoothness penaities be suspended up to the p01nt where '

e




yas-

"Very Poor"xrideab111ty 1s expected HoweVer; if mechanica1 fintshingai:M
'resuIts in "Very Poor" rvdeab111ty--regard1ess of whether such methods
were requ1red or chosen--the contractor shou]d be pena]ized S1nce

a reasonab]y consc1entious contractor can be expected to meet these
‘ requlrements, thewr adopt1on hopefully w111 cause the contractor
to base h1s cho1ce of f1n1sh1ng method on factors other than smoothness
pena1ties e W‘ | o B

| Essent1a11y, by adopting this spec1f1cat1on New Jersey s 3

positxon wou]d be one of xpect1ng genera]]y good rideab1]1ty (both ,‘
abso]utely and 1n re]at1on to the hand f1n1sh1ng opt1on) but not o

’ reguir1ng it.  While th15|15 not an 1dea] 51tuation, consmder thev.
o (hand finish1ng) alternate ‘good r1deab111ty,1s ne1ther requ1red . |
nor expected | " | ‘ - Hi“p“ ” | i “ o ’
‘ "R description of the proposed deck smoothness prov151ons in !5”
an actua1 spec1f1cat1on format 1s presented 1n Append1x F of this

| report
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yPART vtlee CONCLUSIONS‘.'

The principaI concIusions derived from this five-year study of
| New Jersey pavement riding quality are as foliows o h
| ‘fﬁtI; The FHNA roughness evaluation criteria is Judged to be an |
i appropriate means for appraising the rideability of New Jersey pavements
Use of this criteria is predicated on obtaininq a reIiabIe assessment
of a pavement s “Roughness Index". The roughness index as measured o
| | direct]y-by a’ BPR type roughometer or as caIcuIated from roIIing
i straightedge output was found to be readily determinab]e and with |

- an acceptab]e degree of precision. h
| | ‘2. The "Present Serv1ceabiIity Index concept developed from

work at the AASHO Road Test has Iittle appTicabiiity to deswgn and

~ .‘maintenance decisions in New Jersey The difference between 1n1t1a1

:Aand terminai serv1ceab111ty index vaIues for New Jersey pavements 1s
“ftypical]y too smalI to permit valid Judgments regarding pavement o
performance.~ (average difference 1.0 for concrete, 0. 5 for bituminous)
f 7g3; According to the ‘FHWA criteria, and thus in comparison to the
' work of other states. the average new bituminous pavement surveyed “"
'7'during this study possessed onIy a “Fair" Tevel of riding quaiity
g However there is a significant and encouraging trend for more recent
.bituminous construction to be of improved smoothness. Improvements in
:'[’the specified equipment methods of construction and payment method
‘ appear to be the maJor causal factors The 1mpetus for certain of

these changes was provided by\the initial findings;of thisgstudy.y~

W
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“4‘ The average new concrete'pavement}was found to possess ank
‘even lower ievei of rideability than bituminous roadways. An FHNA |
adjective rating of ”Fair to Poor" 1s indicated for typical New Jersey
concrete construction. VIn spite of considerabie experimentation with
construction methods and equipment, significant rideabiiity improvements
in pavements of New Jersey 3 present standard design appear unachievable
":without a return to long- past standards of workmanship. Recent,use of
a different design, requiring»sawed constructionvjoints rather»than

formed expansion joints, did not provide an overa]l improvement of the
\ .

desired magnitude. o |
-5, The major factors contributing to the roughness of bituminous
construction monitored during this study were S |
a, Manua] rather than automatic paver controis improper h’ :
~ use of the automated contro]s.
| rb..'Stop-and-go paver operation “failure to match laydown
- speeds with rates of material supply. '
c."0ver1y frequent transverse construction joints.
ild.‘hUse of a method-of”payment.(square yards) thatvin:
practice reguired thataa chdice be made between”avOidingv
thickness penaities or achieving good. rideability |
- e. Use of non-bituminous base courses that were difficuit
to construct to proper grade. | 3
f. Lack of sufficient awareness or concern for achieving smooth
ipavements on the part of some Department and Contractor

personnei.i o o -
|



Responsive action by the Department and the contracting industry

1n the form of specification 1mprovements, changes 1n construction

: practices and educational programs appear to be making significant -
‘:fprogress in overcoming these deficienCies. o AR

. 6. Transverse Joint construction is the most significant 1tem
}affecting the rideability of New Jersey s concrete pavements. Hén a

typical proaerug about 40 percent of the pavement»s surface defects

are associated w1th ‘the construction of transverse expansion JOints. o

”7}' The ten-foot ro]]ing straightedge provides an acceptab]e
means for«measuring the surface defects of a New Jersey.pavement

. and determining the associated Tevel of rideability Within the ’

| r‘}roughness ranges experienced in this study, the output of the

S »straightedge expressed in. terms of the percent defective length

'correiated wel] with the Roughness Index indicated by the roughometer.
%"The specxfic correlations established are prov1ded on ‘Pages 48 and 72
of this report. | I | '

8. The Department s current surface smoothness specifications

are overTy restrictive and difficult to app]y The requirement that
"there be no surface dev1attons from a 10 foot straightedge in excess
i ‘of 1/8 inch is unrealistic and, thus, unenforceable. ‘AdditionaTTy, .

“the required method of measurement is too sTow and its description
},‘in the specifications is incompTete, Tacking necessary guidance A

*'5fvregarding sampTinq technique and data recordation. ‘f'

L bt

i -

. Fial
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“9.. New surface smoothness specifacat1ons have been developed
for New Jersey pavements.[ These require acceptance test1ng of a- pavement"“
w1th a r0111ng stra1ghtedge and subsequent compar:sons of the measured
percent defective length to certain standards of acceptance
A graduated schedu]e of payment reduct1ons is; to be applled when
‘a non- compliant level of r1d1ng qua11ty 1s 1nd1cated

‘ The standards of. acceptance payment reduct1on schedu1e, and
samp11ng requ1rements have all been formulated by statlst1ca1 means
to assure that an FHNA 1nd1cated “Good“ or better r1ding pavement .
will yield full payment td a contractor. Progress1ve1y poorer ‘:' |
‘ rideab111ty is: accompan1ed by increas1ng]y larger: payment reduct1ons.:
g‘The deta1]ed specif1cat1on‘prov151ons formu]ated as part of th1s .
'research are g1ven in Append1x b (pp 231 35) of th1s report

‘10 The roughness data obta1ned on New Jersey br1dge decks
;confirms the beneficial effect of uS1nd mechanica] rather than manuaT
methods for concrete str1ke-off and f1n1sh1ng. Each of the sampled
’manua]]y-f1n1shed decks d1sp1ayed extens1ve surface 1rregu1ar1t1es

(

.and, ‘as- a consequence, none merlted other than a “Poor" FHWA r1deab111ty
|

"?"rat1ng Expected]y, the re]at1ve 1mprovement 1n r1d1ng qua11ty observed

S

“for mechan1zed deck f1n15h1ng var1ed for part1cu1ar types of equ1pment
and proaect condit1ons On an overa11 bas1s,-surface defects on the
'"average“ mach1ne f1nlshed deck were on]y about ]/3 to 1/7 as extens1ve -~:
. as on the "average" hand f1n1shed deck Th1s resulted in approx1mate1y o

a one-th1rd 1ower average roughness 1ndex

‘! .



,._]9_4_' R /

se: of mechan1ze rsecv'“f“'imshmg equ1pment on ‘the

pof:future prOJec --can be expected»to effect an overal] .
}1mprovement in our br1dge r1deabi11ty It 15 further expected however,

' that two genera] except1ons to any such trend for 1mproved r1deab111ty
:‘w111voccur. U e |

| First;’stnce none of the hand-finished detks testedjinpthis work

even.approachedfconformity‘with'reduired surface tolerances-éinC1uding,
some We11—eXeCutedvmanuaT operations--it seems reasonable to expect -
substantia1vnonAconformity for this entire C1ass of construction in

,the future.f‘Itdis'thus imperative that from the cOnceptuaI design

stage onward"évery attempt be made to minimize the number of structures

'wh1ch are not amenab1e to mach1ne f1n1shing )

Second]y, requ1red mach1ne f1n1sh1ng notw1thstand1ng, the actua1
| degree of smoothness atta1ned -on all future deck pro1ects w111 cont1nue
to depend on the extent to wh1ch the variability in every construct1on
1nputfemen, mater1als, and eunpment--1s_contro]]edf--In order to -
sttmu]ate’ Contractors to'exerctse'the‘requisite contro] over their

operat1ons, a rea11st1c and enforceable New Jersey smoothness

spec1f1cat1on is in ordert Importantly, our ex1st1ng "zero" stra1ghtedge_

“defect prouision satisfiés ne1ther of these cr1ter1a

12' New surface smoothness provws1ons have been deve]oped for

j New Jersey br1dge decks L1ke the proposal for pavements the deck

v acceptance p]an requwres test1ng of a deck s1ab w1th the ro]11ng B
:'stra1ghtedge and app11cat1on of a qraduated sca]e of payment reduct1ons

to non- comp11ant 1evels of measured percent defect1ve 1ength

,eyfspecificat1on changes-—1nc1ud1ng prov1svons |

i®
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" For a given 1eve1 of roughness, the percentage of the bid pr1ce R

'}'“c;’te w1ﬂl qenera]]y be d1fferent than that app11ed

Vﬂwtoea.cghcre ] nt,»and w111 vary depend1ng on the deck f1n1sh1ng -
‘ method empioyéd Th1s pena1ty var1at1on ref]ects the fact that
-+ generally’ d1fferent roughness 1evels are achieved on pavements and brldges
~and among deck f1n1sh1ng techn1ques | |
' | The deta11ed deck smoothness spec1f1cat1on prov1s1ons formulated
' as part of th1s research are g1ven 1n Append1x F- (pp.‘241 46) of this
report " ' 'i;v e =y ’
| It 1s to be noted that the wr1ter s bas1c phi1osoohy in develop1ng
both the deck ‘and pavement smoothness prov1s1ons 1s that they should
L1n1t1a11y be somewhat 1en1ent Imp11c1t 1n th1s course of action 1s
_that these provisions shoold not be stat1c but rather shou]d be rev1ewed

"‘and updated in the future’to reflect then preva111ng(1mproved) Qualrty\*e

levels. 7"'i

|




 PART v:rlg- RECOMMENDATIONS:

' /”1., It 1s recommended that the New Jersey Department of Transportat1on

adopt pavement and br1dge deck smoothness acceptance spec1f1cat1ons based on

“the- output of a 10 foot ro]]ing stra1ghtedge A-descr1pt1on of the proposed

pavement smoothness acceptance prov1s1ons in a suggested spec1f1cat1on format

v} is presented in Append1x D of thTS report - The proposed smoothness specv-

f1cat1ons for decks are presented 1n Append1x F

' -2, There areutwo'poss1b111t1e5»for perform1ng-the necessary straight-

‘edge test1ng of future construction “projects: the use of proaect 1nspect1on

forces or the organ1zat1on of spec1aT1zed reg1ona1 crews. The use of

proaect inspection forces woqu have the s1ng]e important advantage of a

':;greatervimmed1acy of,the roughnessrreadjngs-and consequent.greater potent1a1v
- for roughness control. The use ofspecialtyStraightedge‘crews woqu-offer’a
‘Y“ number of important advantages, including ease of operator tra1n1ng, greater

: .operator prof1c1ency and standard1zat1on of equ1pment usage and: ma1ntenance

It 1s recommended that stra1ghtedge testing be performed by reg1ona1

sftesting forces, staffed and organ1zed so as to prov1de 1me1z rid1ng qua11ty

(

lllinformation.,,-”

“_3; In the near future, the bas1s of payment for New Jersey bitum1nous

i pavements wi]l be marked]y changed That is, the'Department has'elerted to

: ﬂ_‘substitute a s1ngTe (tonnage) payment 11em--“Hot-m1x b1tum1nous pavement,_f

inches thick" for the present 1nd1v1dua1 bitum1nous payment items. The

&

| proposed smoothness acceptance pTan was ' constructed accord1nq1y, with the

basis of penaTtres.beIng.the total, full- depth tonnage of mater1al supp11ed

rather than*surface course aTone In the case of r1d1ng qua11ty penalties,

| the determ1nation of ‘the quant1ty of mater1a1 1n an acceptance lot w111 be

cTumsy, requ1ring conS1derab]e ca]cu]at1ons on: the part of fleld forces to




iy

determine}the tonnage of bituminous materia]s under]ying a day s production
of surface course. “In contrast a determination of the daily tonnage of
surface course is quite straightforward requiring 51mp1y a totallinq of
'daily materiai delivery siips. It 1s»therefore~recommended that the _‘“‘
'Department make provi51ons in the overa]i framework of bituminous spec1f1—
:-cations so as to permit the assessment of smoothness pena]ties on. surface
course tonnage aione The required (proportionai) changes in payment
- reductions for smoothness ‘non- compiiance wouid be furnished by Research |
f4. On some of the bridge decks studied in. this research ‘the use;

of a transverse roller finisher resu]ted in concrete surfaces which were
lmost comp]ete]y free of measured straightedge defects Since these
ro11er finishers have been empioyed by others for pav1ng on- grade,vit

seems p0551b1e that 1nc1uding such equ1pment 1n the pav1ng train might

f effect a needed r1deab111ty 1mprovement for New Jersey concrete pavement.
i,In particuiar, use of this equipment to apn]v a machine f1n15h in the

v immediate v1c1nity of expansion JOints potentiaiiy would eiiminate a maJor .
- source of defects ,, V& | R | L
| The manufacturer of the subJect equ1pment has. 1nd1cated w1111ngness
to provide a (no charge) demonstration on a New Jersey concrete pavement"~
‘construction progect It\is thus recommended that this Department makeg‘
v,;arrangements on a. future orOJect for a Eﬁlil use of the roller- finishing"
f, equ1pment to determine 1ts actuai fitness for use on New Jersey concrete_'
paving. Apart from the magnitude of any rideability 1mprovement and ‘

Povera]] compatibiiity w1th New Jersey conditions, a key factor to be

vydetermined in this regard\is the achievabie production rate for on- gradet
Sun : .

|

oav1ng. L
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APPENDIX A: DISCUSSION OF THE OUTPUT . VARIATION OF THE NEW JERSEY ROUGHOMETER |

1 . L . |

1. Inter—Agency Roqghometer Comparisons: To determine the'extent

to which the overall output of the New Jersey roughometer agrees with that

of devices from other agencies, two series of equipment comparisons were ..

~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, the sites chosen were generally all of "Fair"
to "Poor riding quality. Asrshown in Table A=, 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 thaanew York's on the,following runs. Based

on short- and long-term data~subSeqnently obtained on test sites one thru
three*, the New Jersey roughometer apparently maintained this tendency towards
lower readings than the New York equipment.

In June 1970, the New Jersey, North Carolina Maryland and BPR

‘lroughometers were compared on - five pavements located near the FHWA'

§

-Virginia research facility. The selected test sites werejeach 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 latter two devices were, however, an average of

*cf, Table Ar3,'page 206i |
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(New York and New Jersey Roughometers)
Test "‘by - Pavement ‘Roughneés Index Ratio
Site* Route ~ Type ‘ ' . N.J./N.Y.
oo by o INaas 129 | Bie. 118,118,119 | 126,127,126 |  1.07
i - SEEpr 118 126 .
2 [N, 129 Bit. 121,120,120 | 125,123,123 1.02
Y e 120 o123 -
3 N.J. 29" pcc’ - | 140,141,139 | 138,137,137 | .98
4 U.S. 130 |} CRC 109,109,110 | 111,112 1.02
e 110 12
5 U.s. 130 ] cRe 109,106,109 122,118,122 |  1.11
“ 108 ) 120
6 N.J. 32 Bit. | 104,104,104 | 120,122,120 1.16
: 3 104. 121 -
7 ju.ss.1 | pecc | 117,118,116 | 126,126,126 1.08
. 8 lu.ss.1 | Bit. 142,139 126 .90
S T © 140 126 o
9 **T-287 Bit. 99,105 98,95 .95
o 102 97 o
10 |#**1-287 | Ppcc 105,102 99,93,93 .92
| o R 103 95

j

 Table A-1: 1968 R6Ughness Equipment Compariéon|

*All sites one mile long except site 6 (.45 mi.)

**Run after gear correction on New Jersey roughometer

TablevASZ: 11970 RbUghness Eqpipmeht Comparisons

(North Carolina, Maryland, BPR, and New Jersey Roughometers)

| o 'Paﬁemént ’ Roughness Index in inches per mile
 Site . Type ‘ , '
e N.J. N.C.. Md. BPR
1 Bit. 60,61,61 § 72,69,70 | 66,66,65 1 69,75,72
(Va. 123) : 61 ¢ 70 : 66 : 72¢
' : . 66,66,66% 70,71,71% 65,65,66% 71,71,73%
r- - 66 )1 65 72
| 2 Bit. '92,94,96 - | 93,92,92 | 104,104,105 | 103,104,102
‘I (G.W. Pky.) A ' , 94 92 - 104 103
» 2A . Bit, ..80,79,82 82,78,79 88,90,87 93,85,88
(Access Rd:) .80 ‘ 80 88 . 88 v
3 .} pcc 96,96,94 f{ 94,95,94 § 105,105,110 111,111,111
(I-495) - : 95 94 - 107 ' 111
5 1 Bie. 89,93,93 §.94,92,92 | 105,108,105 | 106,105,105
(G.W. Pky.) ; 92 93 106. 105

‘*Repeat run. made on Site 1 on June 3, all other data obtainad June 2

P

&

¥



' f;‘ness readings obtained with the New Jersey roughometer were in reasonable, o 1;

%ff:equipment for the four higher‘roughness sites. The best fit 1ines relating . l

-208-

‘;jabout 104 greater than those obtained with the New Jersey and North Carolina

the data obtained in this testing are shown in Figure Al.n»

Based on the relationships observed to exist at the time of theziv“

\

f»described comparison runs, it is concluded that the general level of rough—;:f-

L .
|

. accord with data from other BPthype roughometers.j When differences in .

. ; L

‘ %,aroughometer output have been bbserved they generally have been in the direction'

»of an underestimate of actual roughness by the New Jersey device.

I

‘2. Roughness Variation on Control Sections. To gain some insight

b'g;as to the output variation of the New Jersey roughometer, historical data df

J

T;gjwas gathered on three relatively low traffic volume sites located on New

i ‘ S

?}ﬂJersey Routes 129 and 29.p The two Route 129 sites are "Rough" bltuminous

,1

: pavement and the Route 29 pavement is, "Rough" concrete. While it obv1ously

rwould be desirable to have comparable data for smooth pavements, appropriate

. 2 ' E

"f7}control sites were not available within a reasonable distance of the research

:_facility.,; |

F
oo

-

' Table Ar3 is a tabulation of the average reading obtained on the" control

.sections on the dates indicated with the data being collected at various

times of the day and a variable number of duplicate readings being employed.
J

'-f While control section data was ohtained subsequent to the last date shown

1

‘iin Table A—3, such data is not presented since it does not truly represent the

'inherent variation of the device (i e., the device was recalibrated after ;

numerous equipment repairs)

, Tables A—4 thru Ar6 present hourly readings for runs - made from ‘8 a.me :>

to 5 P. m. on cool and warm days nine months apart. ;"
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e ' ' o Table A—3'
SUMMARY OF ROUGHNESS VARJAIION ON CONTROL SECTIONS

: Survey

Air_],:.

‘Date-

Temperature

N.J. 129 (EB)
(bltuminous)

N J, 129 (WB)
(bitumlnous)

N.J. 29
~ (concrete) -

| Jan. 17

1 Juy 17

— 55— |

|- Jan. 29 °
Apr. 19

Aug. 23
| sept. 10

" Sept.: 18
Oct. 9.
- Nov. 4
"Dec. 19+

R S
TR = WS S
37

759
.83
R L
RRRES 5 O
65
S N
29

122 in/mi
125
116

(118)3 SRR

110
'114‘;”

114
123

18

- 119
117 :
119

116 in/mi

117
114

'”<120),y-‘:§;,—

107 -
C116
113
118
- 114
112

132 in/mi
2130
(140)
SX7
,5123 :
- 125
o131
129
. ’\1‘26
127
‘131"

Yearly average = -

Yearly range = .. .

Percent variation . =

| of daily mean?»a-('

NllB‘
110 - 125

; +7 4/

114

107 - 118

+6.1%

127
117 - 132

+7 ZA

Jan. 28 .
Feb. 11
Feb. 17 -~

“Mar. 12
Mar. 28

Apr. 4

May 12

June 2

1 July 11b |

B Aug. 4

23
36
37

- 37

40 )
”69€ﬂﬁ1€f'ﬁ

:"82

76

70-86 | |

o122
B b
122
115
s .118;_': —

TS

- IZGéﬂ;":

124
120

125

g :120 “ .
113 .

Can

1n2
113
115

: 121

*,118;v5‘7j”
110 -

132
;133‘” -
c1200 |

116 -

0128
134

115 - 125

S V"‘ﬁ(ﬁoughcmeter inogerative last part_of 1969)
: Yearly average - 115
Yearly range = .

110 =121

o121
116 - 134

| Sept. 10

% variation of daily meaﬁ9n

1970

fJan, 30
“Feb. 17 ...
Mar. 4}
Mar. 199
“April 21
July 14 -

bvléi“39

o3
35
41-s1

- +5.2%
e e

121

,;‘ 125‘

123
118 -

120

‘g11347j5< B B

47.0%

Cone
~ 120
RISy A
o7

116_1f" :

119
s

- +10.7%

. : 136 ‘v'b :
139 o !

136

135
138
138

Yearly average‘j

Yearly range =

% variation of daily mean°=
l

121

118 -125

+4 37

116

aw0-120
is‘ez o

“39.24‘_E”

137
135 - 139

’aReading obtained with New York Roughometergaij”f »,},,»M 2

e bData obtained

8 a. m.,,

B P- m.
°95Z canfidence level (ZU/X)

i




' Table A-4: HOURLY CONCRETE PAVEMENT ROUGHNESS DATA (JULY 11, 1969 AND MARCH 19, 1970)
B ' ROUGHNESS INDEX ON ROUTE N.J. 29

TIME | AIR TEMPERATURE

RUN 1

CRUN 2

| sw0aa
| w0:00am | o7a | a3
| o100 am. |
?f" :»v12z00 ﬁooﬁ*n- ‘bl_,SQ 6 '747uﬁ3f

500 pm. | 86 | 48 -

| aes | 3r70

/69

RUN 1

370

Jrov2

'HOURLY AVERAGE

7/69

3/70

“'> 9:00?ésm;_' - ﬂf 74.Ai' €@16?vf

79 | a3

'?,2:00 pjﬁj“:yffV ,82  3 3,51

o é;oo’ilﬁ;ﬂﬁm_~R ,352,4f;‘4351;3

_din/mi

giss;ifﬂ
1 2~7."6:'=; |
i
_ 75?13\_9;;'.0'
7 13‘4;81
"'1"38.151;_“*
1392

131.2

in/mi
1129f§

3 1}36 9
| ;L259,'.2{: f

135.1

135.4
1353
138.7
139.3
| 27

132.9

| in/mi

129.7
133.'7 |
183.7
140.6
B2
 140.6
1281 |
-’1'?3'6_‘."'9"

135 9

| in/mi

| ‘*'1'30;:'97 |
1382 |
v14]j..6:" gl
,. ‘1»3‘9 8 |
1390
|71 |
129 -'56; =
‘.;,135,.4.

136.7 |

- 130 S
:   1,3§ o

’,“:'3528»
s
137 -
s

139

o132

130
o180

RS R

139
129

13

3f;1401f7.»f’"

134 ;iii/ni; |

136 in/mi

yﬁg,?f

 Range

11 tami |

i';4;13;in/mi

Sﬁéﬁdatd'deviatioﬁ ofJSucceSSive:reédings;4;013

'Ccefficiént[of-Variatiqh,’VR'=':ch§ 

 ;;f1.10—in/mi]:-

0.82%

1 0.88%

120 safut

fngandardvdéviation of,daily;readings,~

%4

3.65 in/mi

4,53 infmi

o

Coefficient of_variation;‘EVD,grcde:

2.72%

3,335




' Table A-5: HOURLY BITUMINOUS PAVEMENT ROUGHNESS DATA (JULY 11, 1969 and MARCH 19, 1970)

. ROUGHNESS INDEX ON ROUTE N.J. 129 (EB)

TIME | AIR TEMPERATURE

RoN1 Jrov2 JrRow: |RN2 | HOURLY AVERAGE

769 | 370 | wes ) 30 ] 69 | w0
| R 1 in/mi lin/m»:[» 1 in/mi - in/mi - L e LRI
sasam | 7R | - 3 a2 | e | 22 e

9:sam | 76 | srr | 1225 | 1239|1200 fusa |0 123 | w4

| 105am | 76 | 43 | 1205 | 12009 |18 12009 ] 122 f w9

| masame | 78 | as faezs faszee Jazean faree | 128 f a1 o b
12:15pom. |80 | 47 | 123.7 | 127.6 | 1215 |'118.5 E O T S A 1T R

©oaaspem | 8o | st |a20.2 | 1269|1234 farsr | w28 [ 1210 a

Caaspm. | s | 48 | ameis |02 [179 ez | 1200 | ms o f

suaspm | e | 48 1202 | 1234 |atse 68 | o122 |7 )

—

'7_Staﬁdé:df@gyiét1oﬁfdfisuccgséivg;fggdiﬁééi;,¢I(:uQ; N ;;viﬁ,:vaiJé ’ fl'  1,31'in/mif' |  ; l.88 157@1,"»“ :

”jBQZ- o

”Standatqﬁdeviat1§n §§‘daiiy'regdings; 1$d~  1f  fls' ‘_i; ~{i.";f 0 3.48 din/mi 3.7 in/mi’

Coefficient of Variation, Vp = ¢ 4/ T2.80% | 2.68% -




Table A-6: HOURLY BITUMINOUS PAVEMENT ROUGHNESS DATA (JULY 11, 1969 AND MARCH 19, 1970)

ROUGHNESS INDEX ON ROUTE N.J. 129 (WB)

TIME .~ | AIR TEMPERATURE :
ME (AIR TEMPERATURE I oow 1

RUN 2

S :;~IO:20 a;m{1' v ,*v76  g 43

| 769 | 3770 |

7/69

RUN.1 | RUN 2

3/70

R

- HOURLY AVERAGE -

3170

In/mi

 8&20am. | 75°F| - | 1200

9:20 am. | 76 | 41°F.
1:20am. | 78 | 45
8o | a7

12220 pm.
,2;20 p.§;,, : ,;82“1 ‘51“:_
s0pe o8 | e ] -

 ;4f20“§;h;" "':;;86‘ 1 40

111.3

o os:20pm | 86 | 4

116.6
1201
6122.2;f
1216
| 1186

119.7

109.9

in/mi

114.3
118.9
| 120.9

122.3

i11656‘

119.8
116.6
.i1056 “

112.7

T/

117.2 | 171

120.7 | 119.0

‘1216 | 119.8 | 116.7

117.2
115.3

‘116.3 | 111.8

in/ﬁi: »:‘1 S
2l s
lI'-‘Lig‘f=
; tlié;zifﬁglié;l 3 120

| i

122

a7

}{120,‘

118.5 | 114.3 | 118

6.0 | 1200
6.0 | 17
110

62 furs |0 12

e

116

3

119

116

 1175

- Mean, X -

118 in/mi_

117 tnfmt |

Range -

12 in/mi

“7in/mi |

:’S:andatdfdeviétion of_sqcﬁéssivé readings, an

1,52 in/mi

. Coefficient of Variation, Vp = Op/X

0.84%

1.30%

Standard deviation of daily readings,

a9y

4.14 in/mi]

1.94 in/mi

‘Coafficient of Variation, Vp = 04/X

3.51%

1.66%

?602' f.‘




reports

Comments concerning the. observed roughness variation are as follows

Variation of Repeat Measurements Made Within a Given Hour. The FHWA

5

that in general‘ a dispersion of about 2% from the mean may be
expected for duplicate roughometer readings. If this tolerance is interpreted
as meaning that the standard deviation of successive readings should be a
maximum of 17 then the maximum difference between readings should be 2 83%
at the 95% ccnfidence leveler

The standard deviation*‘of,.82%‘and .88% obtained for the concrete
pavement on the two datesAindicates tbat the great majority.of'duplicate*‘d
readings repeated within 2, 5/ (3. 4 inches/mile), less than the FHWA suggested

tolerance**, The maximum short-term differences observed on the bituminous
. l

- pavement are also consideredngenerally satisfactory (3 -5 inches/mile or

2.4 = 4.5%).

Variationiof Hourly Readings: Table A-4 indicates that on a "Rough"

concrete pavement, roughnessidifferences-of,up to 13 units (8-10%) might be

expected for runs conducted over a nine hour span. On the bituminous control

sites,'this difference between the highest and lowest daily reading -- while

generally slightly less --1was aiso»observedvto be as much as lOZ; Based on

S"Tentative Manual ofdlnformation Regarding the Operation and Maintenance

of the BPR Relative Road Roughness Indicator", FHWA, p. 15 (May 1968).
6"Use of Terms Precision and Accuracy B ASTM E177

*The variation of duplicate readings 1s here calculated as
v : n : .
ORZ = 1/2N I - Xp)2

Where: OR = standard deviation of successive readings
N = number of duplicate readings
X1, X2 = successive readings

-%**The operators manual furnished by the roughometer vendor suggests a

similar tolerance: + 5 for RI = 150 + and + 2 for RI = 60 + -

s A
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52]1- l

'the variability observed in this sampling, the mean of a particular set of

to be within about + 6A (2 gd) of

duplicate readings made with the rew Jersey roughometer might be expected

the mean value that would result if readings

were taken at each hour of that testing day.

‘ reliable estimate of the "true"

On a concrete pavement, all of the within-day variation in roughometer

readings may not be assignable to instrument error-' joint warping may

change the nature of the surface being measured7.,' | '.“ : iy} J"]f

The fact that roughometer output varies within'a given‘day is not a

unique characteristic of the New Jersey roughometer. Data from other ,:“s

.,]

»studiess )9 indicate that the hourly differences observed for the New Jersey

|

sites might reasonable be expected of BPthype roughometers in general. ’

Long;term Variation and 0verLll Confidence Limits for New Jersey

Roughometer Data: Table A-3 indicates that the roughness of the bituminous

'control sections remained essen*ially unchanged over a three year span, while

- the concrete pavement appears to have increased in roughness between 1969

nd 1970 If this is the case, then»-— with the possible exception of the‘l
1969 concrete data —— the yearlyrrean roughness might be considered as a .
oughness of the sites.

Based on this short— and long-term variation observed on the control .

-sections, it is the writer s opinion that New Jersey roughometer data

» obtained at a particular time might generally be expected to vary from a

representative-central value releting from,numerous runs on the pavement

7Ohlborn, G. and Moyer, ‘R. A. "New Developments in the BPR Roughness Indicator
: and Tests on California Pavements{' HRB Bulletin 139, pp. 21—22 (1956) o

8Law, S, M. "Rolling Straightedge Correlation Study s Louisiana Department of
Highways (1967) : . : .

' Icrawford, R.-A. et al, "South Dakota Roughometer Comparison}Tests - 1962", "
PRR #28 (1963) Y x S e T B A

@

e
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under study by a maximum of a

and concrete paveiiencé-” Since the line of travel of the .r’oqg_homﬁt,é: tire
is lesgﬂimportéﬁt'fgg smooth pgvgéengs, thus enhancihg repéétabili;y, these
| foler%n@es miah".: to some extent be overly conservative fqr the smooth pavement
claéé. ? ' o

Effect of Te@éerapure; Sq definable relationship between roughometer

n

out + 6% and + 8%, respectively, for bituminous

output and air temperature iséapparent“fqr the range of temperatures encountered

in the control _éite, testing (23 - 86°F,).

o
1
.
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APPENDIX B:

DISCUSSION OF THE REPEATABILITY OF THE NEW JERSEY ROLLING'STRAIGHTEDGE

1

1. Short-term data: Table B-1 presents a summary of repeat etraightedge

measurements obtained within a paLticular day or spaced one day apart. Based

on the observed number of straightedge’deviations, the pavements selected
_ | : ;

for test are representative of riding quality ratings ranging from

good to poor.

Since this short-term data QOes include sections having low, inter-

mediate, and hiéh:velues for,the‘varioﬁe straightedge parameteré, it is
believed that the measures of variability observed for,ihis sample might
reesenably be used'tovformulate a generalized pfecision statement for short-
te:ﬁ straightedge date.‘ To provide sﬁmmary statistics that woﬁid yield such

|

a rule-of-thumb, the weighted*'mean of the straightedge parameters -- number,

*

100

X=S(n-1)X 3 T =\/ £(n-1)0°° : V=
S (n-1) /o Zn)

><||9|,

‘weighted mean number (N), Length (L), or Area (A)
N, L, or A from individual test sectioms
weighted standard deviation o ,
standsrd deviation from individual test sections
pumber of individual test measurements :

weighted coefficient of variation; %

where:

<I# Qg =
nuwnuwan

EURE

S P S
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‘"length and area - and the ASsociated measures of variability are given
1 .

o at the vottom of Table B-l* ‘ |

The indlcated weighted means of this group of data, 1f present in an .

!
»individual quarter mile seetion would be 1ndicat1ve of a "Poor riding

rf;—quality bituminous pavement or 8- "Fair" concrete pavement. o
‘ \

‘The veighted standard deviations suggest that measurements resulting

"from a. single, quarter mile pass wlth the rolling straightedge w1ll generally

A

'vary from the mean value of numerous repeat runs on the subject section

“‘during the same day w1thin a‘maximum of about -3 defects ¥ 0.5 percent-

jdefective (equivalent to T feet of measured length) and ¥ 9 inches of
'7defective ares (equivalent to + 6 feet - of 1/8" dev1ation) The-weighted

mrcoefficients of variation indicate that on.a relatlve basis the repeatability

‘"ﬁ‘of each of the three straightedge parameters is essentially ‘the same (* 6-10%

vof the mean) _“'1 “j ‘m;

While the above precision statement is useful in gauglng the short- ,
‘ .

.term variability of the device in- general it is ‘of obvious interest to have
. i _

| some 1nformation as to the precision of the device at specific roughness
:ijeIEVElS such as those where marginal riding quality and associated penalties 7!
v‘"might be expected.v"‘ "” ' R | | |
To provide information in this regard in the upper portion of‘Tables
_B-3 thru B—S the standard deviations of the short-term data sample are |
ilsummarized by the ranges of straightedge data corresponding to "Good" -
“,"Fair", and "Poor" FHWA riding quality ratlngs. The indicated relationship
. between straightedge deviations and rldlng quality rating is based on: the

l o
"groughometer-straightedge correlation described in the body of this report.

'*In these calculationl data for eight smooth riding sections showing high
‘measurement precision are eliminated 50 as to provide a conservative o
’»”estlmate of variability. If, these smoother sections were included for
. .example the standard dev1ation for defective length Would be reduced by
about 25%. A similar deletion 1s made for 3 septions in the long—term
;data (Table B—2) SR L S SN SR S ‘

. 1
e
\

K
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Summary of Rolling Straightedge Repaatabllity Tests

(short—term variation)

Table B-l

Repeats.

Type

;xﬂhmberfEf‘*:

Project
Pavement

. Test Section -

' STRAIGHTEDGE PARAMETERS*

 NUMBER '

'DEFECTIVE LENGTH,%

DEFECTIVE AREA,in>

2

T

 VL'

N.J
29 .
pcc |

N.J
129
| Bit. Top

MW W W ow W

N

'Bit. Base
N

115

1-287 SECTION 7D-9G

. Bituminous Top Course

o w W w ww W w W w W o N

W ® = o M o W N

=
O,

n
13§
'lh:;"

16 |
lir 1
Lo |
o
leo 1

o1 H

S
=3
=3

=
-

- 6.5

, 326"’
6.5 |
w2

W
1553
b8 |

12,5

_”: 58 | B

3.21 N 1
115 |
Loz |

"l,hiil

.96 | 9.

.706 |

6.18 |

";10.'8
/12_';2
"{11.6
1:'1h.5

- 8.0k

2.k

'f;;;73
s
6
NG

.15

“ Wi°1u, 
| .186

.218|
: ;,28‘ E

1| o=

.08 |

.31

| o
ST
ok

0
;11.1318‘ A
269

.05

.318 "

.191
.087

ol

 ‘0"L
-0

| 2.87

.088

118

bl
165 |

13.1 |
28.3
. 80 |
'.27.‘9' )
10.75 |
| 15.5
110,23
,31.6_

1 w21

5,5

3.0

e

| us.s
268 |

'ih28; '
20T

60.7

18.8 | 5.

180

11
5.5
6.0

’ 1‘.5

1.5

WEIGHTED MEAE

est Sections 1-13) § 25 25

5.90.6

0.249

k22

-\l

136-0 1
16.7 |
- 1.73
8.5 | 0.9

2.12°

: 3‘.25‘,

0.9
1.73
3.46

167.0

873 |
28 2
1. 17
.28.3“;
5. 88“
19 57,;
5.7
20.6
3.5

62.9

- "N,LLE-

Mean Test *‘V@%ue} |

o= Standard Deviation V = Coefficient of Vqriatibn(?/;ai -

L
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TABLE B-2
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: Summary of Rolling Straightedge Repeatability Tests .

(Long-Term Variation)

Project

Pavement -

Type .- -

_Number of
- Measurements

est
" Interval

 Test

 STRAIGHTEDGE PARAMETER

_ Section -}

' Number of Defects

Defective Length, %

Defective Area, in®

2

N

O i,_[l

Ve |

OL

GA'.

Voo

. Bit.Base | _
N

I-280 Section 1B-S5P

-I-280

- Concrete
n

Sec. 6L

.o§ )

T

1155
Sec. 339 "‘A

-129“29 :

Bituminous

12

6|
|
| 5T |
;.:5%“
57 |
g

53

53
8
81

81

o
2
1315

315 |

315

| 315

17
118

10

13
1k

15 ‘

16

oW

AT
, 14‘5

18

":hof
f’gﬁéf
ol
'7ihh'
50
:3#(53'
| s
:“héf'v
‘uh 37
515

'1;5“‘

'stS"

2. 83

1l

|

3, 53V"

0

Rt
?:h;éﬁ‘&

. 16,61 

8.48

16,46
“11;30f¥
,~16;1£7“
) h‘96f¥

1 9.08

47.33

WSO |

2h.3 :,

20.2
3.713?
9.63

9:16

1.2

;2.56

2.2h

2.61|
9.13 |
_ 7;£6}‘
' 8.60
j"9.78'
,_1oa35-;
~51°:91"'
‘;37{35 i
iii;17l
| =1og7é;-
s
| 13.655
ERT
fiq;as
"b§75
’b}éz

|

- 262

ﬂ268

‘_.375’:
‘*1,61
L0566 |
' 1.067
 0?502-"
1.9
0.75,
1.017
'1‘01*11
o 789‘.

l 66=
10,007

155

s

j16{7

0.
Qio.gs
3.93
13.53
65

0.9 |

5;60

"17.50 “f
1d;éb’f'197 3
9.10
9. nsf
6. as:
12. 72ﬁ*

8
}59.61v“
Rt

1.0

{588
"60;8_'
{ 66.0
251.2
i

258

393 |

378

283 5 -
1286.5

o
348
2k

705

1.5
s

306 _.'

-9.55

L.2}

© ol 2k

56.2

M6
;136’1'
,7h 3
25.45
67,9
1¥7371.
61;5
lf87.o
i?ah.?
8.7
6.36
6.36
2.2
- 6.36

7.k
7.1
6.k

:22}36

22.18
13;99
29.02

6.17
17.96

36.96

21.69

30.36

6.28
25,20

13.25
8k.80

TS

;“151

~ VETGHTED MEAN
(Test Sections 1-15) -

-ho.7

1.06

10.6

285.4

k“,‘i. 56 . 9 -

19.9




a7

TABLE B-3

Rolling Stralghtedge Data Standard Deviations‘_l‘

Summarized by Expe ted Level of Riding Quality»;yrv

(Parameter

Number of Defects)

,lo;sa

5-10

10-20 -

Numﬁer;of'Defects}per;l/4 milé-

20-40 | 40+

L

Expected
Ridlng Quality
Ratingﬁ

Concreqe,

| ﬂ?rrfr-

e-Good —

Good

Fmr-—a+<-HmrﬁPl\‘:.

bt F Qi r — Pt

Poor

Sl

Number of Test : 3lf
' Sections in Category i

,BituminQus -

(10

o
Average Number of '
Defects in Category |

3;,1;3:

Shortherm'Data‘r,

Wellhted Standard Deviatlon.

Number of Test :

' Sections in" Category S

6.1

10.8

<47§9

‘ Average Number of ‘Q
Defects in. Category

16.5

1 375

47.791

| Long-Term Data |

.99

2|

:1.47

163

o304

'Weighted_Standard‘Deviatlon p

S g%
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_TABLE B-4

B Rdlling Straightedée'Data<Stahdérd Deviations

Summarized by Expected Level ‘'of Riding Quallty

B
(Parameter. IPercent Defective Length)

s

gﬂPereent'DefectiVe Length (Range)
o} 0-.5 L.5-1.0 §1.0-2.0§2.0-4.0#4.0-9.0 § 9.0+
Expected = e b1 600D = : vﬁém_m#}ePOOR’-
Riding Quality Concrete, ' _ : o
' Rating Bituminous - E GOOD ’ I FAIR ' E Q0R - >
R Number of Test ? | . , o
g Sections in Category | 9 3 2 S A 2 4
B : ; |
b Average % Defective e . ‘ : T
& in Category |- .18 | .738 | 1.58 | 2.42 | 8.02 | 12.27
o - :
v}~ Weighted Standard Deviations | ~.051| - .147 4226 .318 | .04 346
o '3Number OfkTest ; L , \ :
3 Sections in Category L 3 -0 0 3 3 9
El : Averageg%vDefectiVe e . SRR S
g {n Category : 187 - - 2.47 | 7.8 | 11.46
8l Weighted Standard Deviations § .213] . - - .33 727 11.20
I
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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(inz)
0-25 25-75 | 75-250 _250+
Expected j=<—— GOOD ——-——r'-t-FAtR—)-I(-P‘OOR—‘r
Riding Quality Concrete
Rating Bituminous [*GOOD-3=f=—FAIR —>y=e POOR
o ’ ‘
o Number of Test ‘
A Sections in Category 13 2 2 4
-
& Average Defective Area
) in Category 6.65| 42.2 | 198 370
o
& |
Weighted Standard Deviation 2,30 3.22 1.22 6.80
P .
o ‘ Number of Test - K
g Sections in Category 4 3 -3 8
g Average Defective Area :
B in Category 9.5 |.60.3 | 216.5 350.6
00 : : ' , ,
§ Weighted Standard Deviation 5.6 6.5 59.13 63.7

W
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As indicated in thesé calculations the absolute variation of

‘straightedge data (i e., the weighted standard deviations) can be expected

b [
.to increase with an increase in the measured number, length or area of

J
‘deViations, However, while the standard dev1ation does change and
_illustrateia trend, thefdifference'injvariation betveen:straightedge‘v'

'measurements”on "Googd" or"Poor riding quality sections is generally

quite small. " For example, while a short—term measurement tolerance of

one defect is associated with sections having a S or fewer ‘defects, the
‘expected variability for a mean of 50 defects is only 3 defects.
Similarly, the difference in straightedge data variation on "Good"
andb"Poor riding quality. pavements for the Percent Defective parameter

, amounts to only about 5 feet of‘measured length per quarter mile

(. 75 T 0 3 versus 12 = 0 T Percent Defective) -In view of these small’»

differences in precision, iﬂ is believed that the previous rule-of—thumb '

r .
' precision statement can in fact be considered generally applicable._

E Experience has shown that for a given number, length, or area
. it

of deviations a bituminous pavement generally would receive a lower
riding quality,rating than l concrete pavement.- Thus,'one implication
'othhe'above'discussionsof’variabilitysis‘that‘iffa particular'riding

’ quality 1evel is selected as the onset of a penalty criteria, the prec151on
with which the straightedge is capable of differentiating between penalty/no
'penalty bituminous pavement will be slightly better than that indicated in

\
vthe previous generalized precision statement.

. [«

: [’;::
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H . . ‘
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Table B-2 presents a summary:of repeatzu

._»fned in which the'time difference between o

"duplicate measurements varied from one week to 10 months.

Unlike the short-term data sample, the pavements selected for

long—term—repeatability tests are predominantly,"Rough" riding pavements.

' The weighted mean of each of the stiaightedge parameters for the data

set of Table B-2 are 2/3 greatervthan thosebof Table B-l.

While the mean relative variation or precision‘observed for the:
short-term data,was approximately the same for each of the thpee straightedge
parameters, in the case of the long-term data, this is trﬁeonly of the '

number and defective length statistics. A mean coefficient of variation of

10% was recorded for both these parameters. The defective area parameter,
vin contrast, had a coefficient of 20%. For all three parameters the
‘relative precision for long-term measurements was significantly larger

‘than that for short-term data - twice as large for number and defective

length and seven'times as large for defective area. A‘comparison of long

and short term precisions by roughness levels (Tables B-3 to B-5) further

reveals the greatest loss of precision to occur with rough pavements.

‘Specifically, in examining the percent defective length tabulation, it appears
‘that while the precision representative of intermediate roughness remain the
‘same (i.e.‘t 0.3 percent defective), the effect of a long interval between

measurements was to increase the variability associated with the "Poor"

‘ troughness category four fold (1.3% vs. 0. 3%) A}similar pattern of

|

" reduced precision occurs with the defective area parameter. The indicated

long-term repeatability for deviation area of pavements in the roughest
riding category amounts to the equivalent of 40 feet of 1/4 inch deviation

per quarter mile. Roughness level seems to have little effect on the
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on the long-term precision associated with the number of defects parameter.

‘JBQ‘ Sources of Variability While a number of factors may enter into

the reduction of prec151on for 1ong-term data in partlcular cases (e g,
actual changes in the surface being measured, operator differences),’

it is believed that:generaliy‘the mostvsignificant variation canfbe
attributed to two sources: differences in the line of travel between f
measurements and errors in the calibration of the straightedge. |

Line of travel variation It is in the nature of the New Jersey

: rollingvstraightedge that,gin the practice of testing, a departure of one
. foot or more fron the intended line of:trarel might commonly‘be expected
atdintervals throughout the;iengthrof being tested. This problem of
foliowing a desired line isgaggravatedwhen testing projects under
construction,ydue to tne absence of painted lane markings.

Sample straightedge &contours" made on a number of projects have‘
‘indicated that on rough pavements such as those‘considered in the present
long-term data set, measurenents 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-l
gives a specific indication of the relative magnitude of roughness
variation within a given:length of a particular lane. These two sections o
'profile‘lines 1-1/2 feet apart in the same lane -- exhibitvthe same number
of defects but a 30% differencevin defective length and deviation area.

It would thus appear reasonable‘to assume that normal "weaving"

about a test profile line or the inadvertant choice of an offset from the

l



intended profile line could account for a significant portion of the

variability in this or any similarly obtained set of long—term straightedge

’measurements. Any such effect obviously would be a’ reflection of process

'variabilitx rather than straightedge error.

Calibration Variations If as in the present case, the calculated

i,vdeviation area for long-term straightedge data shows a disproportionate

» precision loss compared to the deviation number and length parameters,v::ﬁ

it 1s'apparent thatﬂdifferences in the deviationvmagnitude;must have;

';_existed between repeat measurements.-

- This is in fact true of the data of Table B-2 with the readings

for both I-280 projects (constituting the majority of the data) showing

e general decrease rather than random variation in the 1nd1cated deviation

‘ magnitude. Approximately one-fourth of the indicated number of dev1ations

were reduced from 1/4" to 1/8" between the first (early fall) and second

b(late fall) measurements on: these projects. S

The consistent pattern of variability observed on these two projects ‘

1ndicates that a substantial portion of the observed dlfference in readings

is due to differences in calibration of the stralghtedge. Theagreater

-

|
B
v[
|

’the number and length parameters arises from the sens1t1v1ty of the deV1ce

influence of calibration on the calculated defective are in comparlson to

’and ‘the method of calculation.- That is, since the smallest 1ncrement on the

|

straightedge dial is l/8",a difference in calibration sufflcient to causey

a relatively small number of m1ssed or foreshortened defects may cause a "‘d.df v

100% error in deviation area (recall that deviation area is based on the -

maxlmum magnitude”encountered>in a particular‘span)a
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Since this teéting indicates thaﬁ at least aﬁ ocCasioﬂal calibration
difference can be expected when straightedge data is collected 6ver an
extended period of time, a‘tOIerén§e fof indicated deviation magnitﬁde
is obviouSly.ih}order{ In'New‘Jéréey pracﬁice, when such diffefences
have occurred, the méximum;differénce between the'magnitﬁde of fepeat
.:eadings of individual dgfects isbalmost without exception the lowest value
recordable (l/8ﬁ). However, if aétual variation even approached 1/8" 'throughout
a section, it is apparent that a very considerable difference in the indicated
number of deviations would exist betwéen repeat-readings'(i.e. the consistent
appearance or disappearancé bf 1/8" deviations); As previously mentioned, \
‘this situation is not indiéated by the data. It would thus appear that an

intermediate magnitude precision—-on the order of a maximum of 1/16"--might

more reasonably be associated with the data collected in this work.

!
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~ Direction of concreting
! — : — ) >

_Hot-poured rubber- obsb;halt jeintr scaler
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DETAIL 2

NEW JERSEY TYPE A EXPANSION JOINT

TYPICAL CROSS SECTION

41 44 for 9"pavement

N ,ﬁ_x Ya Stiffener securely

1 éx ,asliut securely welded' v -

- to s'nffener and beormg plole

8 .

' -4 o

welded to. dowels T b ,



‘"2%’;?%?. o

~ STEP(D

Protection Cap - e
I /Povemgnt Surface

~ Top of joint filler is
“protected by a sheet
~metal protection cap
"during concrete p]acement
and machine finishing
operations. The_protectioh -
- cap is removed after final
passage of the f1n1sh1nq
‘ mach1nes.»

"sTéP(3Y>5“

Doubled edged
/Flmshmg Tool

When the concrete has set
sufficiently, and after ~°
brooming, the ‘concrete at
the joint is lightly edgedv:

. and finished with a double-”

v edged tooT

- Upon removal of tﬁé
~protection cap, a-

finishing strip is=
piaced. After rep]acementv

~ of disturbed concrete, -

the pavement surface is

. finished to the proper
. grade by means of a
o notched float '

*VihstPK4)

Joint Sealer

:» Comb1efed:joint

Procedure For The Edglng And leshlng Of Tronsverse Jomts B

DETAIL 3

‘Hot -poured Rubber Asphali | -




Displacing céncrefe to remove sheet metal protection cap.

Installing finishing strip over joint filler.

DETAIL 4

SEQUENCE OF EXPANSION JOINT FINISHING OPERATIONS




Rép-locemenf of disturbed concrete.

Initial surface at joint. - :

DETAIL 4A , S

SEQUENCE OF EXPANSION JOINT FINISHING OPERATIONS (Con't)




) . > R ) N .

kesfo,ring pavement surfdt_:e to proper grade by medr‘nsiof 'After brooming, joint finishing is completed by light

a6 ft. long no}ched float. : _ - application of double-edged tool. ' '
DETAIL 4B |

"~ SEQUENCE OF EXPANSION JOINT FINISHING OPERATIONS (Con'1)



-231- 0 APPENDIX D

' PROPOSED SMOOTHNESS SPECIFICATIONS
- BITUMINOUS AND CONCRETE PAVEMENTS

¥. 0 Smoothness Testing of Hot-Mix Bituminous Concrete and Concrete

'Surface Pavements

ltii'ControT'TestinQ: The Contractor sha]ifbe~responsib1e for checking
~ his work during placement to'enabie.him\to.make corrections while

. the material is in a workable condition;"

1.2 Acceptance Testingﬁ Acceptance testing will be performed on the

‘wearing course of Hot- Mix Bituminous Concrete and on finished
- - Concrete Surface Pavement Such testing wi]] be performed by the
Engineer with an approved 10 foot roiling straightedge that auto-j
~_v_ matical]y marks 1n colored dye the 1ength of pavement surface
‘,variations exceeding 1/8 inch in 10 feet. The timing of smoothness
‘acceptance tests sha11 be compieteiy at the option of the Engineer

Genera]ly, acceptance testing of a lot of Hot-Mix Bituminous Concrete

w111 be performed the same working day ‘the lot is p]aced Smoothness

acceptance testing of Concrete Surface Pavement will: generally be -

performed the working day f0110w1ng piacement of that Tot.

."iAAny required sweeping of the surfaces of bituminous and concrete
:bpavement prior to acceptance testing and notchlng of expansion ‘
.’301nt fiiier paper necessary to permit passage of the straightedge

'on Concrete Surface Pavement shai] be performed by the Contractor
as part of the work of pavement: construction and shali be 1nc1uded

“in the unit price bid theréfor

-
L I



'” J§gngr§fe Surf§§§ Pavemgnt shall be accepted in Tots equal to the
 whd;ber of sqhare yards of‘Concrete Surface Pavement placed in each
production day; Hot-Mix éituminohs.Concrete shall be accepted in
lots-equal to}the‘total number of tons represented by the sum of}th@
number of tons of wearing%course_placed in each production day and
the number of tons of allibituminouS'courses underlying the day's

production of wearing course.

Thé acceptance of a lot wi11 be based on the percentage of the total
length of the lot having surface variation exceeding 1/8 inch in 10
feet, this percent non¥comp1iance beiﬁg defined as the Lot Percent .
Defective Length. Lot Percent Defective Length is computed by adding K
the 1ength§ of individual surface defects exceeding the specified
tolerance, dividing this sﬁm by the length of pavément tested, and 5;
mu]tip]yfng by 100 to convert to percent. o

The full extent of the lot will be tested in the longitudinal direction.
The transverse location of the test will generally be in the wheel-
‘paths of vehic]e‘travel, ﬁere defined as the two imaginary lines

located épproximately 3 feet on each side of the‘centerline of the

lane and extending for thé fu11‘1ength of the lane. The wheélpath}

of the test sha11 be determined randomly and varied every 300't6‘400
feet;i; | |

The minimum number of full-length tests required to detérmine the Lot
Percent Defective Length is given in Test Schgdu]es 1 and 2. The

25% sample plan, wherein the number of tests is at least equal to

Lo



_ SCHEDULE 1:

'ACCEPTANCE TESTING SCHEDULE FOR HOT-MIX BITUMINOUS PAVEMENT

SCHEDULE A: BID PRICE ADJUSTMENT

* SCHEDULE FOR HOT-MIX BITUMINOUS CONCRETE

) Lot Percent Lo .
Defective Pay '
Length Factor v§§
; S .4
0-13 | f 71.0
1.4 - 2, 3 0.98
2 4 - 3 4f -0.95

ST Corresponding Number |44 Percend 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% —
Plan - 1 [ 2 | 2 [1.1to34 5o;e¥:g€?ng o
| i Test Each |
| 3f5 or.mqrq Wheelpath -
- ‘2 2| Pay as Per
50% 1 2 3 4 0t 3.4 Schedule A
Plan ‘ L - Test Each
, : 3.5 or morq eelpath
100% ' AN Pay aé Per
Plan 2 4 6 8 Values Schedule A

SCHEDULE 2: ACCEPTANCE TESTING SCHEDULE FOR CONCRETE SURFACE PAVEMENT L

SCHEDULE B: BID PRTCE ADJUSTMENT - -

 SCHEDULE FOR CONCRETE SURFACE PAVEMENT

- Corresponding N"mbef | Lot_Percent ‘“-Payment |
Samp]ing ' of Tests , Defective | Or Retest | Lot Percent N EE
‘Plan | One | Two Three| Four ‘Length | Requirement . ;vDefective RN Pay -
L | Lane | Lanes| Lanes| Lanes| Measured | = rLgngth B Factor
| | ) S PN Pay as Per B g
C 25y o , |, L2503 | schedute 8 0-5.0 - 1,0.
Plan | | | Test Each | - E1-11.0 0.98
,]4 or: more Wheelpath | - 5.1 a 11' , T
| , — « 11.1 - 13.9 0.90
1002 Pay as Per ‘
Plan 2 4 ) 8 . Va?l;s - Schedule B
- - ‘ « » » 1



i, .

‘h~to be used initia]ly with both pavement types

Ffivariation of the indiv1duai tests w111 be made The results of wmdt;h‘jgahm

The number of tests performed beyond the minimums specified 1n :
‘ Schedu]es 1 and 2 if any, shai] be completeiy at. the option of the SN
’Engineer Genera]]y, the number of tests performed wi]l be the maxi- v

‘mumfnumber feasibie_With avaiiable,State manpower. In addition'to

:':j‘one-fourth of the number of wheelpaths in'anay s, production s,

Finai compiiance P_

ydﬁ:of Concrete Surface Pavement may be based on the resuits of the
7;25% samp]ing except that if the Lot Percent Defective Length
rexceeds the maximum value in Schedu]e B each wheelpath sha11 be |
1tested. Hot—Mix Bituminous Concrete Pavement wi]] be accepted at
- a. 1 0 pay factor based on: the 25% sampie p1an If‘a payvfactor S -
'1,other than 1.00 is indicated by the tests of the 25% sample plan,»e vdi'h‘
'}hadditional tests sha]l be performed such that the total number ‘of
‘;':tests performed equa]s that shown for the 50% sampie p1an ‘ If the
| rLot Percent Defective Len?th exceeds the maximum vaiue in Schedu]e A,

| each wheeipath shall be tested

f
gy

'When more than one test is spec1fied in Schedu]es 1 or 2, the initiai
o and. intermediate transverse Iocations of each test is ‘to be determined o

’randomly In no case Will exact duplicate tests be performed When -

testing of aii wheeipaths is specified no intermediate transverse

‘ preceding tests shaii not be inciuded in the computation of Lot .
| Percent Defective Length when app]ication of the 100% sampie p]an is
';indicated | 3 N ' ' |

;
I
I
R
|

L . ]
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;5the tests run on randomly selected sites the Engineer reserves the

right to test any area which appears defective, including a previous o

day S production which subsequently becomes damaged

If the Lot Percent Defective Length for Hot-Mix Bituminous Concrete

or Concrete Surface Pavement exceeds the amount shown for the 1.0 pay
factor shown in Schedules A and B respectively. and.if the Contractor ‘
- elects not to remove and replace the pavement, the lot may be accepted

‘upon written request of . the Contractor at an adjusted unit price

The adJusted unit price for a lot of Hot-Mix Bituminous Concrete shall}r'
'be the product of the Contract unit bid price for the item and the
'appropriate pay factor of Schedule A. The adJusted unit price for
Concrete Surface Pavement shall be the product of the Contract unit

bid price for the itemvand the appropriate'pay-factor-of Schedule.B.

‘If the Lot Percent Defective Length for Hot-Mix Bituminous Concrete'—

or Concrete Surface Pavement exceeds the maximum value ‘shown in

Schedules A and B respectively. the Engineer may order removal of f

‘»any or all of the pavement 1n the lot or if the material s allowed

to remain in place, computation of the adjusted unit price will be ‘

based upon a pay factor of 0. 80

1

PRt




= fAPPENDIX E ,
RECENTLY ADOPTED SPECIFICATION. i
SR ] FOR
coucam-: DECK SLAB
PLACEMENT AND FINISHING

.I"

| Article 4.1.3 Concrete StructureSu" 8

A11 reference to- concrete deck slabs in: the 1ast paragraph on page 225 and in

the 2nd and 3rd full paragraphs on page 226 of the standard specification are o

deleted and the following two subsections are: substituted therefor

Concrete Deck Slabs.. At Ieast 30 calendar days prior to the proposed
start of placing bridge deck concrete, the contractor shall submit
a written plan of operation for review by the engineer. This plan

shall include a screed and ra11 erection plan, deck grades, the sequence:

and proposed rate of placing concrete, the number and type of personnel
who will be engaged in the work, and a complete description-of the
equipment to be used in hand]ing, placing, and finishing the concrete.

Approval of this plan will not relieve the contractor of ‘the responsibi]ity :
- for the satisfactory performance of his methods and equipment

"Computations for setting forms and screed supports ‘shall be based on"

an accurate set of elevations run by the contractor at po1nts no further
than 10 feet apart on each beam. - \ _

The placing of concrete will not be permitted unt11 the engineer is

satisfied that the proposed placement and finishing operation will be

“completed within the scheduled time, that experienced concrete ‘finishers

are avaflable to finish the deck, that any required weather protective
materials are in place, and that all necessary finishing tools and

‘equipment are on hand at the site of the work and are in satisfactory ,

condition for use.

fMethods procedures and equipment sha11 be used which will 1nsure a

smooth r1d1ng surface complying with the surface tolerances specified

herein below without overvibration or segregation of the components of

the concrete

[

236-



.-237- / o

"1atAny change in the number, 1ocation or configuration of construction joints

from 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 piacement of concrete

" shall be scheduled such that finishing operations can be compieted during
daylight hours unless adequate lighting facilities are present on the site

g and the engineer' s approval is given.' : :

The concrete sha]] be delivered distributed and consoiidated at a

" uniform rate to insure a continuous operation. The working face of

~ fresh concrete shail at all times be maintained approx1mate1y para11e1
to the finishing machine or other strikeoff . :

o Unless otherwise indicated on the plans an approved seif—propei]ed 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 transverse 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 shall be capable of being propelled both forward and backward

to enable repeat passes to be made in order to correct surface irregularities
~and to produce a surface which conforms to the required profile grade,

- cross-section and surface smoothness. Longitudinal finishing machines

shall be the full length of the span. Transverse finishing machines shall
preferably be of sufficient size to finish the full width of deck between
curbs, but not less 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 machine, vibratory -

- screeds or other manuaiiy operated strikeoff approved by the engineer

may be used L ,

- The weight of the finishing machine sha]] 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 supports 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 ho]es sha]] be satisfactoriiy
filled with non shrink non- staining grout , :

)
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' Prior to placing the concrete ra1ls or other gu1des for the fintsh1ng
- machine shall be completely 1n place, accurately set to achieve the

deck elevations shown on the plans, and secured for the full length
of the concrete placement plus such additional distance that the machine
will clear a]] f1n1sh1ng operatwons .

The finishing machine shall be operated over the full 1ength of the .

bridge segment to be finished prior to beginning concreting operations.

This test run shall be made with the screed adjusted to its finishing
position. During the test rUn checks shall be made of the deflection
and adjustment of guide rails and of the cover over slab reinforcement
and forms. A1l necessary: conrections shall be made before concreting
is begun. If the finishing machine 'is of the longitudinal type, the
test run may be omitted when reinforcement ‘clearances preclude movement
of the. machine across the deck ‘ - :

- Concrete p]acement and 1n1t1a1 str1keoff by a transverse f1n1sh1ng

machine shall be coordinated so that initial strikeoff is never more
than 10 feet behind the concrete placement : _

Strikeoff by a 10ng1tud1nal f1n1sh1ng mach1ne shall not be’ 1n1t1ated
until concrete has been placed a minimum of two bays wide for the
entire slab length., In this‘context, a bay is defined as the hor1zonta1
distance between adjacent girders. - The final pass by the longitudinal .
finishing machine shall subsequently uniformly lag the placement by the
minimum two bay width. Sufficient depth checks shall be made behind
the machine ‘and along the full length of the span to insure achtevement

of the required section and reinforcement cover.

The concrete shall be -given as few passes of the machine as are necessary
to obtain a smooth, dense ‘surface of the required contour. A small
uniform quantity of mortar sha]] be maintained ahead of the screed

on each pass. At no time sha]] the quantity of concrete carried ahead

of the screed be so great as/ to cause s11pp1nq or lifting of the
finishing. machine on the rails. .

Improper adJustment or operat1on of the f1n1sh1ng mach1ne which results

in unsatisfactory consolidation, reinforcement cover, or smoothness shall-

be corrected immediately. Unsatisfaztory performance particularly
with respect to the surface smoothness attained, may be cause for reJection ,
of the equipment e

A work bridge or other pos1t1ve means of perm1tt1ng ‘access to the surface
of the deck shall be provided by the contractor for the purpose of f1n1sh1ng,
‘straight-edging, making corrections, and the other operations requiring

access to the surface of the deck after the passing of the screed. Before
ohcrete placing operations‘begin substant1a1 bu1kheads or headers shall
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| nbe set. "béshaped to the required deck surface cross-section. Unless

 otherwise specified the concrete shall be placed as a monolithic unit T

in a continuous operation between JOints.,.

When the concrete placing is w1thin 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 Towest 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 unit has cured for
48 hours. This requirement may be waived, under certain conditons if
the succeeding section can be completed, W1th 4 hours of the initial

placement of the day. Written approva] of the engineer will be required

to waive this requirement

Unless otherwise shown the 51dewa1ks, parapets and curbs w1th1n any

one complete unit shal] not be placed until all the deck slabs within

that complete unit have been placed. The numbered sequence shown s

- shall also apply to pedestrian sidewalks (over 2'-6" wide) sections, -
but it need not app]y to safety curbs (2' 6" wide or less), curbs, and

parapets. - o _ : .

For simpie.Spans,the.piacingvof,concrete.sha11 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 s1ab sUrfaces ’Bridge deck or top s]abs of structures
~serving as finished pavements or bases shall be finished as specified
above. ' _ .

Finishing shall continue until such time 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 is to be placed on a bridge deck, then said deviation may be
relaxed to 1/4-inch, when tested for trueness With a 10 foot meta]
straiqhtedge SR ,

. After finishing has been completed and as soon as al] excess moisture

has disappeared and while it is still possible to produce a uniform

‘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 fina1 finish with a fine bristled broom.

r
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“Specff1cations,

- the: contractof wi11 be a1 lowed" to‘remove high spots up “to 1/2-inch by means
- of grinding

The use of bush hammers w111 notﬂbe a1loweg;( Thg contracto?

|
i
|
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APPENDIX F

iiPrOposedZSmoothness SpeCiffcations

for

| ffiConcrete Deck_Slabs

1.0 Smoothness Eva]uat1on of Concrete Deck S]abs}

“ 1.1 Contro] Testing: The Contractor sha11 be respons1b1e for
systematically cheCkingdthe smoothness of deck s]ahlsurfaces~dur1ng '
placement to'enab1e~him'to make corrections}while:the“material is‘in* |
| a workab1e cond1t1on. | } | |
Such systemat1c contro] test1ng sha11 genera11y be performed -
d as fo]IoWS°H After the intended fina1 pass with the f1n1shing mach1ne or.

other str1keoff the deck surface shall be checked by the Contractor

- with a IO-foot metal stra1ghtedge operated paral\el to the centerline of

the bridge. Surface var1at1ons from the test1ng face of the stra1ghtedge'
shall be corrected before the concrete sets. MaJor deviat1ons shall be
corrected by the f1n1sh1nq mach1ne or other strikeoff while m1nor
dev1ations may ‘be corrected by the stra1ghtedge or an approved float.

The spec1f1c conduct of ‘the straightedginq,}1nc1ud1ng ‘the
number and 1ocat1on of stra1ghtedge checks, sha]] be entirely the prov1nce

of the Contractor.‘ However, it is suggested that the check1ng operation

, proqress in five-foot lonq1tud1na1 1ncrements with at least one: ful]-slab

'1ength straightedqe check be1ng made w1th1n the transverse 11m1ts of each

of the designated lanes: of traff1c

e .
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1.2 ACCeptance Tesh1ng" Concrete5deck slabs will be tested for

-smoothness acceptance 1n lots equal to the number of cubic yards of deck‘
'concrete p1aced each product1on day. R
Acceptance test1ng w111 be performed by the Eng1neer with
an approved 10= foot rol]1ng stra1ghtedge that automat1ca11y marks in
'vco1ored dye the Wength offpavement surface variations exceed1ng 1/8 1nch_
in 10 feet. Such test1ng w111 not be in1t1ated until after a slab's final
set is achﬁeved The spec1f1c t1m1ng of smoothness acceptance tests
shall- be comp]ete]y at the optaon of the Engineer Genera11y,.smoothness
‘acceptance testing of a concrete deck s]ab w111 be performed the work1ng |
day fo110w1ng p]acement of that s]ab » , v
' " The smoothness acceptance of a lot will be based on the. percentage

of the total 1ength of the Tot having . surface var1ation exceeding 1/8 inch
in 10 feet th1s percent non-comp11ance be1ng defined as the Lot Percent
Defect1ve Length Lot Percent Defect1ve Length is computed by adding :
the lengths of individuall surface defects exceed1ng the spec1f1ed |
'to]erance, divid1ng th1s sumdby the tota] ]ength tested,‘and»mu1t1p1y1ng
by 100 to convert to percent | | IRETRRS R o | v

» The full extent of the 1ot wi11 be tested 1n the 1ongxtud1na1}
direction. The transverse 1ocat1on of the test w111 general]y be in the
whee1paths of veh1c1e trave] here def1ned as the two 1maginary 11nes |
1ocated approximately 3 feet on each s1de of the center11ne of the 1ane :

and extend1ng for the fu11 length of the lane.

.
!
1‘
i
i
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_ ) The’minfnum number of full-length tests reduired to determine
the.Lot Percent.Defectfve‘Length sha]i,be:equa] to the:total number. of
wheeipeths,in the lot. The'number of teste”performed beyond tnis‘minimum,

~if any, and their 1ocatfon,_sha]] be complete]y at the option of the

-~ Engineer.

The Lot Percent Defective Length of concrete deck slabs which

are required‘to be struck and finished'with a se]f—prope11ed finiehing
mach1ne sha]l be evaluated using Schedule A, the appropr1ate subschedule
being dependent on the bid date of the proaect If manua] str1keoff and
e’finishing is. permitted by p]an exception, Lot Percent Defective Length
shall beeva]dated using Schedule B, the appropriate subschedule being
dependent on the finishing method (machine or manual) actually selected
for use by the,Contractor,‘v |
If the LotPerCent Defective Length;for a concrete‘deck slab
exceeds the’amount'shown for the 1'0 pay factor in the appropriate
subschedu]e. and 1f the Contractor elects not to remove and: rep]ace the
slab the lot may be accepted upon. written request of the Contractor at
an adausted unit pr1ce ‘ _
The adjusted unit pr1ce for a lot of Class B Concrete
'.fincorporated in a bridge deck. shal] be the product of the Contract unit
bid;price_for the item and the appropriate pay factor of Schedu1e A or B.
If the Lot Percent Defect1ve Length of a machine finished

deck slab is 25.0 percent or more, irrespective of whether such machine

,finishing was required or,optiona], the Engineer may order removal‘of any

or all of the concrete in the Tot or if the material is a]lowed to remain

L)



Schedules A aﬁd B:

Schedule A
: Machine F1n1sh1ng egu1red

e
L s

 BID PRICE ADJUSTMENT SCHEDULES FOR CLASS B CONCRETE IN DECK SLABS

B Schedu]e B . :
-5 Mach1ne F1n1sh1ng Etiona1<_;

Measured

“percent |
' Defective |}
/ Length .

i 9.0-13.9 | 0.99
{ 140209

Subscnedule A1°'
Decks Bid in the
- One Year Period

Lot

Pay:

8 9% ,
or less | 1.0

Xtoy |

' Measured'" .

Factor'k

6.0%

: Subschedu]e A2

~ Decks Bid ,' _
Subsequent to
Date Y R

Lot
" Percent | .
Defective |
Length -

Pay: |
vFacggr &

or less 7

6.1-8.9 | 0.99

9.0-13.9 | 0.975

14.0-24.9) 093

"Measured" i

B 13 9%
. or less

-.‘,VSubschedule Bl:

Machine Finishing

Selected: for Use: %
by the Centractor

- Lot
Percent

| Defective | Pay.
| Factor

Length

14.0-24.9

*The prvvasions ef this schedule are 1ﬁﬁepeﬁd@nt

of project bid dat@

I 20.0-27. o

Subschedu]e 82
Manua] Finishing.
‘Selected for Use
by the Contractor

1 Measured"f7>*"'

Lot

- Percent |
} Defective -
] Length -

ERE |

or less

| -27,-_,1-3-,4.'9,1 o,
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r’in piace, computation of the adjusted unit price w111 be based upon a

| *vpay factor of 0.85. If the Lot Percent Defective Length of a manua]iy |

; struck and finished deck slab is 35. 0 percent or more, the Engineer may
order remova1 of any or ‘all of the. concrete in the Tot or if the material

is a1iowed to remain in: place, computation of the. adJusted unit price

' Iw11] be based upon a: pay factor of 0.85.

1.3 Cessationvof Deck Concreting The Engineer reserves the right

to reject methods or equipment which do not result in substantia] conformity
dwith a 118 inch in 10 feet surface tolerance. In this context, a deck
wi]i»be considered in substantial conformity with the reqUired-surface
tolerance only if the: Lot Percent Defecti ve Length does not exceed the
va]ue corresponding to a 1.0 pay factor in the appropriate Schedule A or B
In no case sha11 the Contractor be permitted to immediately

, initiate further proaect deck pours if the Lot Percent Defective Length ‘
equals-or exceeds 20. 0 percent on any machine finished deck slab or 35.0
‘percent on any manua]iy StrU&k and f1n15hed deck If these 11m1tations
be exceeded the particuiar p]acement and finishing operations involved
shail be discontinued unt11 other methods or equipment are proposed for

tr1a1 by the Contractor, submitted 1n writing to the Engineer and

g approved Approval of this rev1sed p]an of operations w111 not re11eve

~the Contractor of the respon51b111ty for the satisfactory performance of
his revised methods or equipment ‘ | !
‘ | The Contractor will not be granted additional compensation,
~extension of time, or other cqnce551on because of the required execution .

: and approval of a rev1sed pian of operations

i
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: for the affected 1ot
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=T, 4 Surface Remed1a1 Measures'i ReoardTess of the overa11

'smoothness conformitv of a lot of br1doe deck concrete, 1f surface

fdeviations have a detrxmental effect on decP dra1naqe or re1nforcement

steel cover, the Eng1neer may requ1re the Contractor to undertake appropr1ate

"remed1a1 measures to restore any or a]] of the deck slab surface to the

'requ1red qrades and surface to]erance., When such remed1a1 Drocedures

are ordered by the Eng1neer, the Contractor sha11 subm1t 1n writing,

for approva] by the Enqineer and the Bureau of Structura] Des1qn a

vv>proposa1 settinq forth the 1ntended 11m1ts of: the surface. restorat1on

e;and a comp1ete descr1pt1on of the methods, equ1oment ‘and mater1a1s

Fo]]ow1nq sat1sfactory comp]et1on of the apnroved surface

f'rescoration measures to the br1dge s]ab the ent1re ot conta1n1ng the
7 affected area sha11 be retested for smoothness acceptance The resulting

nmeasurement of Lo+ Percent Defect1ve Lenqth 1s to be used to determ1ne

a rev1sed pay factor from the appropr1ate Schedu]e A or B The rev1sed

pay factor 1nd1cated from th1s retestan or a pay factor of 0 975, .

'wh1chever is smal]er, sha11 be used to determ1ne the adJusted unit or1ce

The ent1re work of p]ann1ng and execut1ng surface
B

: Vrestorat1ons, 1nc1ud1nq a]] mater1als, 1abor equ1pment and a11 else:

necessary,therefor and 1nc1denta1 thereto, sha]]rbe consndered part of

"the work’of conCrete'deck‘slab construction ' The Contractor wﬁ]] not

be granted add1t1ona1 compensation extens1on of time, or: other concess1on

for any surface restoratfons ordered by the Englneer
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