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IMPLEMENTATION STATEMENT 

The PSR/Roughness relationships and terminal 
serviceability levels determined as part of these studies 
have already been used to establish the ranking of the 
Pavement Management Priority List and to modify the action 
levels of the Highway Performance Monitoring System (HPMS) 
analyses. 
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1.0 INTRODUCTION AND OBJECTIVES 

This study was conducted by the Bureau of Transportation 
Structures Research in conjunction with the Pavement 
Management Group in the Bureau of Maintenance. 

The overall goal of this study is to correlate physical 
measurements of road roughness (i.e., measurements produced 
by the Mays Meter, ARAN and Profilometer) with subjective 
user evaluation of pavement ride quality. 

The specific objectives of the study were to: 

1. Evaluate and quantify user perception of pavement ride 
quality 

2. Determine the user-perceived terminal serviceability index 
of the pavement roughness for each pavement type 

3 .  Correlate the user opinion of road roughness with the 
physical measurements and develop the translation equation(s) 
necessary to predict the Present Serviceability Rating (PSR) 
from the physical measurements of road roughness. 

Development of the above relationships permits use of 
the mechanical measurement as a surrogate for the more 
time-consuming and costly panel evaluation. It also allows 
changes of ride quality to be monitored over time, and 
identification of pavement sections which the motorist would 
judge to be candidates for rehabilitation. That this 
evaluation is performed on every mile of State-maintained 
highways only underscores the importance of this study. 

The study was divided into two stages. The initial 
project was a limited experiment conducted in 1985 containing 
28 quarter-mile test sites, two pavement types (bituminous 
and concrete), and 21 raters. The Mays Meter was used to 
collect the mechanical roughness measurements. 

The second stage was conducted in 1986 as part of NCHRP 
Project 1-23(2), "Pavement Roughness and Rideability - Field 
Experiment". This was a more extensive experiment including 
69 quarter- to half-mile test sites, three pavement types 
(bituminous, composite, and concrete), and 48 raters. The 
physical measurements of each site's roughness were taken 
with a Mays Meter, an ARAN and an Inertial Profilometer. 

2 . 0  BACKGROUND 

When developing the Pavement Management System, the New 
Jersey Department of Transportation focused on the need for a 
rational procedure (based on objective measurements of the 
pavement's condition) to select candidate projects f o r  
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pavement rehabilitation and resurfacing. This approach 
evaluates each pavement section's condition relative to all 
other sections on the State-maintained network. 

Ride quality is conventionally defined as the subjective 
evaluation of pavement roughness, while pavement roughness is 
defined as the longitudinal deviations of a pavement surface 
from a true plane. (1) 

The developers of New Jersey's Pavement Management 
System placed a significant emphasis on ride quality in 
evaluating the pavement's overall condition. New Jersey 
presently uses the Mays Meter and the ARAN to collect road 
roughness data. The objective measurement of pavement 
roughness is without meaning unless these values are 
correlated with the user's opinion of the road's ride 
quality. 

To establish this correlation, it was necessary to 
design and conduct an experiment in which user opinion of 
road's ride quality is matched with the output of an 
objective measuring device - the Mays Meter, the ARAN or the 
Inertial Profilometer. In this way, the roughness data can be 
transformed into user-perceived ride quality values on each 
pavement type without the cost of reconvening a panel. 

In addition, this panel-roughness experiment was 
designed to provide information on the terminal 
serviceability index -- the level at which 50% of the users 
feel a pavement needs rehabilitation based on its ride 
quality. Terminal serviceability indices were determined for 
each pavement type. 

3 . 0  OVERVIEW OF THE 1985 PANEL STUDY 

In order to meet the objectives of the initial study, 

3.1 Phase I - Preliminary Work 
each experiment was divided into three phases. 

The design of the Department's experiments were modeled 
on the AASHO Road Test reports by Carey and Irick ( 2 )  and 
documentation on the conduct of panel studies by Janoff and 
Nick of Keytron, Inc. ( 3 ) .  

The modified Weaver-AASHO direct scale, shown in Figure 
1, was used to gauge the individual panelist's opinions. 
Since many transportation professionals associate a PSR of 
2.5 with the terminal serviceability index, the original 
Weaver-AASHO scale was modified by printing the scale without 
the numerical values. As Figure 1 illustrates, only the 
qualitative descriptions were provided. 
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SECTION 
NUMBER DATE TIME 

RATER 
(NAME) VEHICLE POSITION IN 

NUMBER TCHICLE 

VERY GOOD 

GOOD. 

FAIR 

POOR 

VERY POOR 

IS THIS RIDE 
ACCEPTABLE? 

1 i  

. -Figure 1. - Modified Weaver-AASHTO Rating Scale 
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A second aspect of the design involved selection of 
quarter-mile test sections. A total of 2 8  test sites (14 
bituminous and 14 concrete) were selected from over 40 
potential sites. The following procedure was used to select 
the study sites: 

1. Identify approximately 40 test sections which cover 
the full range of expected roughness from computer files of 
recent surveys. Each section should be at least 
three-quarter-miles long, with consistent roughness along its 
length. From this section only the center quarter-mile will 
be rated. 

2. Locate these sections in the field; mark the limits 
of the section on the shoulder. 

3 .  Verify the current level of roughness of each 
pavement section with a calibrated Mays Meter. Reference ( 4 )  

4 .  From the list of verified test sections, create two 
loops: one exclusively concrete and the other bituminous. 
Each loop had have 14 quarter-mile sections. (The order in 
which the sections of various roughness were encountered were 
randomized as much as possible.) 

The final list of sections was chosen to allow 6-10 
minutes between sites. This strategy allowed testing of half 
the bituminous and half the concrete sites on a single day, 
and completion of the testing in two days while allowing time 
each day for retesting of any site. (The final list of panel 
test sites is provided as Appendix 1.) 

The third aspect of the design centered around the panel 
selection. A panel size of 21 provides the necessary volume 
of data based on the 2 8  test sites. The panel was composed of 
seven technical professionals (four females and three males), 
seven non-technical males and seven non-technical females. As 
defined here, tttechnicaltl panelist was a person who had 
experience rating pavements and who had specific knowledge of 
NJ's Pavement Management System. The ttnon-technicaltt 
panelists did not actively rate pavements. One panelist from 
each of the three categories was selected randomly as a 
passenger in each car. Each panelist selected his/her own 
seat position in the car. However, once chosen, that position 
became his/her assigned seat for the remainder of the 
experiment. 

3.2 Phase I1 - Testing Phase 
The panelists were given an orientation prior to the 

actual testing. They were told the purpose of the experiment, 
provided with written instructions, and assigned to vehicles. 
After the orientation, the panelists were driven over two 
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bituminous "calibration1' sites (an extremely rough and an 
extremely smooth site) as a frame of reference f o r  their 
ratings. (A copy of the written panelist instructions is 
provided as Appendix 2 . )  

The key points stressed during the orientation was that 
each rater should record his/her own opinions; there is no 
Wrongt* answer, and that he/she should concentrate solely on 
the ride quality of the section. The two questions which the 
raters answered for each test section were, "How would you 
rate this section's pavement ride quality?", and "Is the ride 
quality at an acceptable level or would you like to see the 
State spend your tax money to improve it?". 

The following is a summary of the conditions and 
procedures used during the actual testing. 

1. Tests were run under a single weather condition (i.e. 
sunny day). 

2 .  All rater vehicles had tire pressures set at 

3 .  Vehicles traveled through the section at the posted 

manufacturer's recommended pressure and full gas tanks. 

speed or with the flow of traffic. 

4 .  After their orientation and tlcalibration'f, panelists 
were driven along bituminous and concrete pavement loops. 

5 .  At the beginning of each test site (the beginning and 
end delineated by cones), the panelists were provided the 
site's number and asked to rate the pavement's ride quality. 
They were instructed that the rating was based on a scale 
from very poor to very good and was made immediately after he 
or she passed over the section. Panelists also answer the 
question, IvIs this ride acceptable?", by selecting the vvyesll , 
I1 no II or tvundecidedtv block on the form. 

6 .  The forms were collected at the end of each site and 

3 . 3  Phase I11 - Data Analyses 
1. The data was analyzed to estimate the model (i.e., 

the mathematical form of the relationships) for transforming 
the Mays Meter measurements to PSR, the average user opinion 
of the road's roughness. In addition, terminal serviceability 
values were determined as the level at which 50 percent of 
the panelists felt that the ride quality was not acceptable. 

2 .  The data was analyzed to determine if the cumes 
developed for bituminous and concrete pavements were 
significantly different. 

were subsequently collected by Research personnel. 
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3.3.1 Data Reduction 

The panel rating data for each test section was reduced to 
a numerical value by measuring the rater's marks (on the form 
scale) to the nearest 0.1 inch. A 0-5 scale was overlaid on 
the rating scale (see Figure 2, 0-5 PSR Scale). 

3.3.2 Data Base 

The information from the 1985 panel study was placed in a 
mainframe Ramis data base with fields shown in Figure 3. Each 
field represents a possible variable affecting the individual 
ratings. A summary of the data 'is shown in Figure 4 .  

3.3.3 Regression Analyses 

A scatter diagram of rater opinions and Mays Meter values 
for each site is presented in Figure 5. The analysis 
subsequently performed determined the relationships between the 
mechanical and subjective measurements of road roughness. 

As cited in the discussion paper by R. Barros 
(Appendix 3), the high variability of user opinion was 
immediately noticeable. The spread of 2.5 PSR units appeared to 
be excessively large, especially on the 0-5 scale range. 
However, a reasonableness check with a 1983 Keytron study 
(Reference 5) and a 1963 Purdue Study revealed a similar degree 
of variability. 

One critical aspects of the analyses was to determine the 
appropriate form of the model. In assessing the potential 
alternative models, two boundary constraints were believed 
necessary to satisfy engineering judgment. First, both 
subjective and mechanical measurements of pavement roughness 
have known values for perfectly smooth pavements. For Mays 
measurements, this value is 0.0 inches per mile and for user 
opinion, the PSR value is 5.0. Secondly, since pavement 
roughness can increase indefinitely while the minimum PSR value 
is 0.0, the mathematical function must be asymptotic to the 
PSR-axis at infinity. 

It was subsequently concluded that the following model 
satisfied the boundary conditions and provided the best overall 
fit to the experimental data: 

b 
a * X  

Y = 5.0 * e 
The 'best fit' equation was estimated by the nonlinear 

regression techniques contained in the Statistical Analysis 
System ( S A S ) .  Based on separate analyses, unique curves f o r  
each pavement type are not justified. 
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RATER VEHICLE POSITION IN 
(NAME) NUM8EX VEXICLE 

3 

Lf 

3 

2 

1 

0 

VEXY G30D 

FAR 

POOR 

VERY ?OOR 

IS THIS RIDE 
ACCE?TABLE? 

UNDECIDED 1 

Figure 2 - 0-5 Scale (PSR) 
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LIST 

1 

2 

3 

4 

5 

6 

7 

8 

- FIELONAME 

Si t e  No. 

P aveme n t Type 

Date 

Time 

TO 401 

TD 402 

TD 588 

Person's Name 

9 D r i v i n g  Experience 

10 Sex 

11 Category 

12 Panelist Test Vehicle 

13 Position in Car 

14  Panelist R a t i n g  

15 Accept ab 1 e 

1, 2,  10-37 

BC, R C ,  CO 

082785 , 082885 

AM, PM 

Mays vzlue o f  each s i t e  

Taken w i t h  TD 401, TD 402, or 

TD 588 

( 2 1  Raters) 

Years w i t h  license 

M Y  F 
Technical I Non-technical 

(7 TD Numbers) 

R i g h t  f ron t ,  r i g h t  rear,  l e f t  rear 

0 - 5  

Yes, No, Undecided 

FIGURE 3 - RAMIS FIELDS 
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SITE - PAVEMENT 

BC 1 
2 

10 
14 
15 
23 
24 
26 
27 
30 
31 
32 
33 
34 
35 
37 

RC 11 
12 
13 
16 
17 
18 
19 
20 
21 
22 
25 
28 
29 
36 

AVERAGE 
RAT I NG 

4.17 
.92 

3.85 
3.66 
3.52 
3.99 
3.10 
2.81 
2.44 
3.75 
3.87 
3.42 
4.21 
3.96 
3.65 
3.83 

2.97 
1.89 
3.57 
2.51 
3.62 
2.82 
2.63 
1.83 
3.21 
3.59 
2.14 
3.52 
2.67 
1.88 

STANDARD 
DEVIATION 

.39 

.43 

.48 

.60 

.49 

.63 
* 55 
.53 
.70 
.52 
.44 
.56 
.39 
.48 
.57 
.65 

.83 

.71 

.76 

.85 

.63 

.77 

.78 
-88 
.69 
.70 
‘81 
.63 
.74 
.74 

A V E R A G E  
M A Y S  

55 
711 
110 
116 
54 
50 

106 
121 
156 
70 
55 
90 
41 
50 
34 
66 

170 
259 
72 

195 
82 

20 1 
191 
287 
89 
61 

168 
92 

180 
205 

F i g u r e  4 - Summary of 1985 Data 
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The following equation (plotted in Figure 5 )  is the 
'best fit' curve for the combined data: 

0.7035 
-0.0175 * Mays 

PSR = 5 . 0  * e 
This curve tends to obey 'Fechner's law', wherein small 

increases in road roughness at the smooth end of the Mays 
scale cause greater decreases in the subjective rating than 
the same amount of change at the higher end. Put simply, 
people are more sensitive to smaller differences of road 
roughness on smoother roads than they are on rougher ones 
(5) - 

3 . 3 . 4  Other Analyses 

The significant of the several candidate variables in 
explaining the PSR ratings were determined through an 
analysis of variance. (See Appendix 4 ) .  These variables 
included pavement type, rating, vehicle, position of the 
rater in the test vehicle, driving e-erience of the rater, 
and the sex of the rater. 

Two considerations made this a nonstandard analysis. 
First, the PSR-Roughness relationship was recoqnized to be 
nonlinear, whereas analysis of variance techniques assuned a 
linear combination of variable effects. Second, it was 
recognized that bituminous pavements tended to be smoother 
than concrete pavements. These considerations lead to the 
development of a new variable, (PREDPSR), which accounts for 
both the nonlinear PSR-Roughness relationship and also 
distill from the variable pavement type * The 
roughness-related effects of PREDPSR was simply the predicted 
average PSR value associated with each level of roughness 
regardless of pavement type. PREDPSR was thus a calculated 
variable whose value was estimated with nonlinear regression. 
This distilling procedure accounted for the roughness offset 
of the various pavement types and gave an opportunity to 
distinguish other factors potentially affecting the observed 
the relationships. These included such itens as pavement 
color, ha-Tonic effects associated with rigid pavement 
joints, and distress manifestations particular to each 
pavement type. 
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The principal finding of this analysis was that 
roughness level (i.e., PREDPSR) was the predominant influence 
on PSR. This variable overwhelmed all other factors. 
Pavement type was found to be nonsignificant once separated 
from roughness level. Also significant but having a smaller 
impact on reducing the unexplained error were vehicle type 
and rater position in the test vehicle. This finding 
suggests that future panel rating studies might benefit from 
conducting the work with both vehicle sizes and varying the 
rater position, although the practical impact of this 
consideration is expected to be small. And, finally, using 
the preferred statistical evaluation criteria (TYPE I11 Sum 
of Squares), the significance of the remaining variables was 
not testable in this experimental design. 

3 . 4  Shortcomings and Questions of 1985 Study 

A review of the results of the 1985 project revealed a 
nunber of shortcomings and questionable conclusions. The 
following is a summation of these problem areas. 

1. The available data supported only a single PSR 
relationship for both pavement types. Since this result was 
unexpected, it was considered suspect. 

2 .  Raters who selected the llundecidedll option on the 
ride acceptability question were disqualified from the logit 
analysis used to determine the terminal serviceability 
indices. (Only a "yestt or I1nol1 answer was valid.) This 
condition caused a severe reduction in the amount of usable 
daTa. 

3 .  The lack of mays roughness data in the 300 to 7 0 0  
the in./mile interval raised questions as to the adequacy of 

estimated relationship in this range. 

the generality of the developed relationship to a 
mechanical unit. 

4 .  The use of one roughness measurement device limited 
particular 

4.0 OVERVIEW OF THE 1986 PANEL STUDY - NCHRP 1 - 2 3  ( 2 )  

4.1 Objectives of the 1986 Panel Study 

The Department's specific objectives for this study were 
as follows: 

1. To rectify the perceived shortcomings of the 
exzerimental design used in the earlier study 

2 .  To verify the PSR relationship developed in the 1985 
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study, and to develos simiiar relationships for ths S 9 - N  and 
the Profilometer. 

3 .  To determine the terminal serviceability level for 
bituminous, composite and concrete pavements. 

In addition, participation in the NCHRP Study afforded 
the Department the opportunity to correlate its model(s) with 
those of four other participating states. 

The tasks performed in the three phases of the 1985 
study were repeated in this study. However, because the 
details of this study had to conform to the consultant's 
experimental design, certain modifications were required in 
each of the phases. The following sections outline these 
changes and the results obtained. 

4 . 2  Phase I - Preliminary Work 
The following changes to the 1985 experimental procedure 

were necessary to conform to the new experimental design. 

The Weaver-AASHO direct scale was again chosen to 
collect the user's opinion. However, as Figure 6 illustrates, 
the form includes the 0-5 numeric scale. The lvundecidedtg 
category was eliminated and the ride quality question was 
modified to determine at what point the users felt that the 
pavement needed improvement. 

The test site selection procedure was identical to the 
initial study with a few exceptions. Composite pavement 
sections (bituminous overlaid concrete pavements) were now 
included. The number of test sites increased from 48 in the 
1985 study to 69. Of these, 62 sections were ultimately used 
in the analyses. The test loops were not purely bituminous or 
concrete pavement sections. Finally, the length of each 
section was increased to approximately one-half mile. 

A northern and a southern route were created from the 
list of verified test sections. The level of roughness and 
the pavement type were randomized as much as possible along 
the route. Appendix 5 contains the finalized list of sites 
along the northern and southern routes. 

The 48 raters (plus alternates) were selected randomly 
from lists of available personnel submitted by various units 
throughout the Department. The job classifications of the 
panelists included engineers, secretaries, etc. Panelists 
were assigned to test vehicles on a random basis. They were 
allowed to select their seat position, but retained that 
position for the remainder of the testing. . 
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!P E R F EC T 1 

VERY 
GOOO 

GOOO 

FAIR 

POOR 

VERY 
POOR 

T 
T 
' T  - 

u Ride quality does - not 
need improvement 

Ride quality - needs 
improvement 

S i t e  No. 

Rater No. 

Figure 5 - Weaver ASSHO Ratinc Scale 
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4 . 3  Phase I1 - Testing Phase 
Prior to exposure to the test sites, the panelists were 

given oral and written instructions by Mr. Michael Janoff, 
the NCHRP principal investigator. (Appendix 6 contains a copy 
of the written panel instructions.) Mr. Janoff did not feel 
that the panelist needed to be driven over sites to calibrate 
their senses to various roughness levels. The testing and 
experimental test procedures outlined earlier were also used 
in the 1986 study. 

4.4 Phase I11 - Data Analyses 
1. The relationships for transforming Mays Meter, ARAN 

and Profilometer values into estimates of user opinion are 
the primary products of the data analyses. 

2. The terminal serviceability indices for the three 
pavement types were also estimated. 

3. The relationships developed from the 1986 data 
analyses were compared to the 1985 relationship. 

4.4.1 Data Reduction 

The data was reduced in the same manner as described in 
section 3.3.1 above. 

4.4.2 Data Base 

The 1986 panel study information was placed in a Ramis 
data base with the fields shown in Figure 7 .  A summary of the 
data is provided in Figures 8, 9, and 10. 

4.4.3 Regression Analyses 

Scatter diagrams of rater opinion vs. mechanical 
measurement device (Mays Meter, ARAN, and Profilometer) were 
plotted over the model fit by the SAS (nonlinear) package. 

As cited earlier, the form of the model was considered 
to be critical in the developing the appropriate 
relationship. The form of the model discussed in section 
3.3.3 was retained after consideration of the physical 
constraints imposed by the model and a scatter plot analysis. 
Subsequently analyses again determined that unique curves for 
each pavement type were not justified. 

The equations plotted in Figures 11, 12, and 13 are the 
'best fit' curves for the combined pavement data for each 
roughness measuring device. These curves also obey Fechner's 
law. 
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LIST - 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 

F I E L D N A M E  

RAMIS PANEL2 FILE FIELDS 
t 

Site Number 
Pavement Type 
Mays 
Profllometer 
ARAN 
Rater Number 
Driver Experience 
Sex 
Panelist Test Vehicle 
Position in Vehicle 
Panel Rating 
Improvement Required 
Question 

EXAMPLES 

1 ,  4 ,  etc. 
BC, C O ,  RC 
Mays values f o r  each site 
Profllometer values f o r  each site 
Aran values f o r  each site 
1 - 5 5  
Year with a license 
M F  
Plate Number 
Right front, Right Rear, Left Rear 
0-5  
Yes or NO 

F i g c r e  7 - Ramis Panel2 F i l e  Fields 
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PAVE 

BC 
---- SITE ---- 

2 
9 

43 
49 
61 
62 
63 
64 
65 
69 
12 
13 
17 
18 
89 
99 
100 
101 
110 
111 

AVE 
RATING 

1.07 
1.41 
2.16 
4.14 
3.19 
3.02 
2.58 
3.75 
4.06 
2.17 
4.28 
4.20 
3.59 
3.09 
3.65 
3.91 
3.65 
3.65 
3.49 
3.24 

STD 
RATING 

0 55 
.60 
59 
.56 
.53 
.54 
. 5 5  
.45 
.50 
.61 
.46 
.55 
.65 
58 

0 54 
.60 
.56 
54 
.50 
.70 

AVE 
TD401 

669 
4 4 5  
311 
41 
16 

127 
244 
93 
a 3  

108 
27 
25 
63 

129 
58 
68 
13 
81 
84 

104 

AVE 
ARAN 

1023 
950 
579 
162 
226 
445 
568 
218 
215 
429 
151 
143 
169 
256 
300 
165 
213 
228 
283 
256 

I--- 

AVE 
PROF 

.141 

.112 

.0a9 
018 
.022 
.028 
.049 
.023 
.020 
. 047  
.015 
,016 
0 019 
.037 
0 027 
0 029 

029 - 



PAVE S I T E  

RC 1 
4 

48 
5@ 
51 
54 
55 
74 
15 
8 1  
82 
03 
8 4  
85 
86 
8 1  
97 

105 
106 
108 
109 
112 
113 
114 
117 

3.48 
2.59 
3.75 
3.52 
3.38 
3.56 
3.59 
3.48 

1.89 
2.19 
3.46 
3.30 
3.71 
2.73 
3.59 
3.35 
2.50 
2 0 33 
2.54 
2.35 
2.61 
2.44 
2.60 
3.39 

3.68 

73 
51 
64 
.67 
.57 
.60 
.57 
.69 
051 
8 71 . ?O 
.59 
61 

s 53 
.?I 
. 4 8  
.63 
.81 
.69 
0 12 
.68 
.6S 
.73 
.13 
.63 

AVE 
T D 4 O l  ----- 

27 
201 
50 
56 
56 

86 
92 
4 6  

183 
212 
69 
74 

1 6 2  
88 
6 2  

160 
2 4 6  
97 

7 8  

- 

- 
- - 
- 

102 

AVE 
ARAN 

314 
651 
339 
308 
453 
2 6 1  
289 

296 
663 
690 
3 1.1 
294 

---- 

282 

283 
528 
256 
367 
655 
856 
474 
545 
660- 
767 
732 
324 

AVE 
PROF 

.029 

0021 
.021 
026 

. 0 2 6  

.025 
, 0 3 0  
* 022 
0 7 4  
.064 
'025 
028 

---- 

- 

c 

- 
025 
,023 
,053 
.063 
.040 

0 

- - 
- 

8 033 

Figure 9 - Summary for 1986 Data fo r  Concrete Pavements 
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PAVE SITE 

co 5 
6 

45 
46 
a7 
52 
56 
5 8  
66 
67 
70 
79 
80 
88 

102 
103 
116 

AVE 
RATING 

3.21 
3.06 
3.26 
3.54 
3.65 
3.74 
3.42 
2.43 
3.18 
3.02 
3.96 
2.46 
3.27 . 
3.96 
2.61 . 
2.61 
3. 49 

------ 
STD 
RATING 

.47 

.62 
* 59 
.67 
.63 
.55 
.61 
. 5 9  
.62 
.58 
.46 
.66 
.59 
.49 
.78 
.77 
62 

AVE 
TD401 

131 
103 
81 
92 
82 
34 
62 

144 
82 
62 
12 

133 
84 
50 
95 
49 
53 

AVE 
ARAN 

424 
506 

445 
204 
223 
322 
391 
308 
400 
280 
428 
284 
221 
630 
670 
180 

AVE 
PROF 

- 
,031 

- 
.025 
032 
,046 
,031 
.035 

.048 
,032 

- 

- 
- 

0 022 

Fi;ure 19 - Summary o f  1936 Data fcr fcrncosite Pavements 



A comparison of t h e  1955 and 1986 predictive models (see 
Figure 14) indicate very close ag- &eement. 

4 . 4 . 4  Terminal Serviceability Indices 

The third objective of this study was to determine the 
terminal serviceability index for each pavement type. Logit 
analyses were performed on the rehabilitation-question data. 
The average PSR rating for each site was paired with the 
percentage of raters who indicated that the pavement should 
be rehabilitated. The estimated relationship of the present 
study are graphically presented in Figures 15 through 18. 

These analyses indicate that the terminal serviceability 
levels for the concrete and composite pavements are very 
similar and that both are different from the level for 
bituminous pavements. Concrete and composite pavements are 
estimated to fail at a PSR level of approximately 2 . 5 ,  while 
the level for bituminous pavements is estimated to be 
approximately 2.0. Practical considerations suggest that 
these point estimates may be precise to within one-quarter of 
a PSR unit. 

Note that generally similar findings have been reported 
elsewhere (ref. Janoff's NCHRP 308,pages 14 and 15), as well 
as in the pilot panel rating study. 

A similar analyses using the average Mays Meter values 
of each site and the percentage of raters indicating that the 
pavement needed repair is presented in Appendix 7. Here the 
terminal serviceability levels were estimated to be 2.6 for 
concrete and composite pavements, and 1.9 for bituminous 
pavements. This particular analysis indicates the 
significance level for the difference in terminal 
serviceability is smaller than C = 0.01. Also, the 95 percent 
confidence level for the bituminous terminal serviceability 
levels nominally claimed to have a total range of 0.1 PSR 
units. Several assumptions were required to perform this 
analysis, however, such as no error in the independent 
variable (Mays, ARAN, or Profilometer data) and a known 
transform between the objective measurement and the PSR 
units, potentially introducing error to an unquantifiable 
degree. While these potential errors are thought not to 
change the principal findings, they may degrade the nominal 
precision asserted by the technique. 

bituminous and 
concrete-composite pavement indices were unexpected. It had 
been assumed that the traveling public was more tolerant of 
short-term roughness associated with the concrete and 
composite pavement joints. These results suggest just the 
opposite. Users are apparently more tolerant of the randomly 
distributed roughness, typical of the bituminous pavements, 

The relative values of the 
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than they are of the sudden and more abrupt roughness 
associated with the joints of concrete and composite 
pavements. 

These results have had a dramatic effect on the pavement 
rehabilitation prioritization listing. The emphasis for 
rehabilitation, due to unacceptable ride quality, has shifted 
from the bituminous pavements to the concrete and the 
composite pavement sections. 

-21- 



(0 
N cu 
CD 

0 

1 1 1 

r3  N 4 0 Y, d, 

3NLLVX 1 3 N V d  

-22- 



5 -  

4 -  

3 -  

0 '  

PANEL RATING v8 PROFILOMETER 
NCI'IRP 1 -23(2) 

\ a Actual Predicted 

0.9l.01 
-9.8226 * P r o f  

PSR = 5.0 * e 

U 

0 

-7- I I I I I I I I I I I I' 

0.088 0.020 0.040 0.060 0.0110 0.100 0.120 0.140 
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Figure 1 3  - Scat ter  P l o t  o f  (Profiloineter,PSR) and Predicted Curve. 
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LOGIT ANALYSES 95'  THE 
T E W I N A L  SERVICEABILITY INDEX 

PV S I T E  RATING IR COUNT PEXCENT 
BC 
BC 

co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co co 
co 

2 
9 

43 
49 
61 
63 
64 
65 
69 
72 
73 
77 
78 
89 

111 
5 
6 

45 
46 
47 
52 
56 
58 
66 
67 
70 
79 
80 
88 

102 
103 
116 

4 
48 
50 
51 
54 
55 
74 
75 
81 
82 
83 
85 
86 
87 
97 

105 
106 
108 
109 
112 
113 
114 
117 

1.07 
1.41 
2.16 
4.14 
3.79 
2.58 
3.75 
4.06 
2.77 
4.28 
4.20 
3.59 
3.09 
3.65 
3.91 
3.65 
3.65 
3.49 
3.24 
3.27 
3.06 
3.26 
3.54 
3.65 
3.74 
3.42 
2.43 
3.18 
3.02 
3.96 
2.46 
3.27 
3.96 
2.61 
2.61 
3.49 
2.59 
3.75 
3.52 
3.38 
3.56 
3.59 
3.48 
3.68 
1.89 
2.19 
3.46 
3.71 
2.73 
3.59 
3.35 
2.50 
2.33 
2.54 
2.35 
2.61 
2.44 
2.60 
3.39 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

F i g u r e  15 - Logi t  Analyses Data 
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46 
36 
18 
1 
3 
13 
0 
0 
11 
0 
0 
0 

6 
5 
4 
2 
2 
1 
1 

26 
3 
8 
0 

23 
3 
0 

21 
24 
1 

21 
0 
3 
4 
0 
1 
4 
0 

41 
35 
2 
1 

18 
0 
2 

28 
31 
20 
32 
17 
24 
17 
5 

95.833 
75.000 
37.500 
2.083 
6.250 

27.083 
0.000 
0.000 

22 917 
o c o o o  
0.000 
0.000 
4.167 
0.000 
0.000 
6.250 
4.167 
4.167 
10.417 
12.500 
10.417 
8.333 
4 167 
4 167 
2 083 
2 083 

54 167 
6.250 

16.667 
0.000 

47.917 
6.250 
0.000 

43.750 
50.000 
2.083 

43.750 
0.000 
6.250 
8.333 
0 e 000 

8.333 
0.000 

85.417 
72.917 
4.167 
2.083 

37.500 
0.000 
4.167 

58.333 
64.583 
41.667 
66.667 
35.417 
50.000 
35.417 
10.417 

2.083 



Figure 16 - Logit Analysis Plot (Bituminous Pavements) 
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F i g u r e  17 - Logi  t A n a l y s i s  P l o t  (Cornposi t e  Pavements) 
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F i g u r e  18 - L o g i t  Ana lys is  P l o t  (Concrete Pavements) 
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5 . 0  CONCLUSION 

As a result of the relationships developed in these 
studies, we can now confidently estimate the ride quality of 
a pavement section from the objectively measured level of 
roughness. 

We also have New Jersey specific terminal serviceability 
indices for bituminous, concrete and composite pavements. 
These values will provide the Department with a gauge to 
better identify those pavement sections which the traveling 
public would find unacceptable. 

These two finding are of major importance to our 
Pavement Management System development and refinement. 
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Appendix 1. 
RATING PANEL 

FIRST DAY ROUTE 

MORNING 

D e p a r t  m&n complex North on Parkway Avenue through Wesi Trenton  t o  Rt. 
175 Nor th  to: 

1-95 Nor th  -- 
S i t e  34 Mile 1.00-1.25 and 

S i t e  31 Mile 2.25-2.50 

Continue North on 1-95 and: 

1-295 SoutF, 

S i t e  15 M i l e  65.50-65.25 and 

S i t e  35 Mile 63.25-63.00 

Exit 1-295 Lef t  on Kuser Road 
Right on White Horse Avenue 
Lef t  on Arena Drive 
Lef t  on: 

1-195 East 

Si te  32 

Site 24 

-- 
(Mile 3.75-4.00 

Mile 6.50-6.75 

Exit  next  Interc9ange and U-turn TO 1-195 West 
Exit Rt .  130 South to: 

R t .  206 Sourh 

S i t e  25 Mile 33.25-33.06 

--- 

Lunch Brehk 
Me: at Masor i s  Diner (Xt.  206 & 130) af:er lunch. 



R,+TIUG ? WEL 
FIRST DAY ROL'TE 

AFTERNOON 

Exit Mastoris Diner on Rt. 130 South to: 

1-295 Socrth -- 
Si t e  21 

Rt .  130 North 

S i t e  12 

S i t e  20 

--- 

Rt .  68 South 

Si t e  16 

S i te  19 

--- 

R t .  29 North 

S i t e  22 

S i t e  11 

--- 

Mile 54.75-54.50 

Continue South on 1-295 TO a u r l i n s o n  Exit ( R t .  5L1) 
Follow Rt. 541 to: 

Mile 28.5-28.75 

[Mile 49.75-50.00 

C a n t h u e  North on Rt. 130 
Right on Rising Sun Road to R;. 206 South 
Lef t  on: 

Mile 6.75-6.50 and 

Mile 5.25-5.00 

U-turn to Rt .  68 North to R t .  206 North 
Left  on Lalot S t ree t  to: 

Mi le  4.75-5.00 and 

Mile 7.50-7.75 

Return to Main Complex 



c 

RIDE PANEL RATING 
SECOND D.AY ROUTE 

M OR “I N G 

Depart main cornpiex North on Parkway Avenue through West Trenton to: 

R t .  29 South  

S i t e  25 

--- 

S i t e  1 7  

R t .  130 South 

S i t e  36 

S i t e  24 

--- 

1-295 North 

S i t e  13 

-- 

R;. 68 North 

Si:e 29 

Si t e  1s 

--- 

Mile 8.25 t o  8.00 

Continue South on Rt .  29 

Yile  5.25 t o  5.90 

Continue South to  Ldor  S t i e e t  to South Broad S r e e t  (Rt .  
29 6 )  

Continue South on Ri.  206 to: 

Mile 50.c)O t o  49.75 and 

Stile 48.75 t o  48.5 

Continue South on iit. 130 into Burlington and turn l e f t  on 
Rt. 541. 

Follow 541 to: 

Sl3e 54.75 to  55.00 

E x i t  1-295 at Rising Sun Xoad (Signs t o  Turnpike) 
Xiight tu rn  at Rt .  206 (Move to left lane)  
Left turn t o  Rt .  68 South 
U-turn af;er Mile 5 to: 

!,‘,3e 5.75 to  6.00 and 

‘$tile 6.75 to 7.00 

L ~ a c h  Break 
.‘\‘12et at  M a r o r i s  Diner (RT. 206 & 130) a f t e r  lunch. 



R:3E ? i,TT'; C ? \ \EL  
SEC;).\D D.? :' XO:-*TE 

,A.=: E 2.s z 3 Y 

Depar t  Mvlasrxis Diner on Rt. !33 Scuth t o  3.:. 236 South 
U-turn v iuru ty  Yiie  3! :a: 

R t .  296 NorTh 

Si t e  27 

--- 
Miie 32.75-33.00 

Contiwe NottS on 2t. 2'16 to  R t .  130 North to 1-195 Easr  
L-turn zt Exit 7 (2: .  5 2 5 ;  and proceed wesf 

1-195 Vest  

S i t e  1 4  

S i te  10 

-- 
M i l e  6.75-6.50 and 

M i l e  3.75-3.5 

Exit 1-195 to  Arena Drive North 
Right on White i i o r s e  Ave. 
Left on K u s e r  Road 
Right on: 

1-295 North 

S i t e  33  Mile 63.00-63.25 and 

Si te  30 M i l e  65.25-65.50 

-- 

Continue North on 1-295 fo: 

1-95 South -- 
Si te  37 

Si t e  23 

Mile 2.50-2.25 and 

Mile 1.25-1.00 

' ie turn TO Main complex 
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Appendix 2. 
INSTRUCTIONS FOR PANEL RATING 

PURPOSE: The  purpose of this study i s  to  determine what  typical N.J. users  
think of the r ide quality (smoothness of roughness) of our State Hignways. T h e  
information will be used to determine which N.J. Highways to  repair and  in  
which order  this should be  done given the  limited funds which a re  available. 

OBJECTIVE: The  main objective of this portion of the  s tudy i s  to  ge t  your 
opinion of the  r ide quality provided by 28 specific K mile sections of S t a t e  and 
In t e r s t a t e  Roads which are located in this general area. Your opinions of t h e  
test sections which you will r a t e  will be compared to  the  values measured wi th  
t h e  Department's Mays Ride Meter. 

Secondly, we will ask you to pass judgement on the  sections you will rate. 
"Is this ride acceptable" or should t a x  dollars be spent t o  improve t h e  ride qual i ty  
of this road. 

RIDE QUALITY SURVEY: 

All the  roads which you r a t e  will be between two extremes,  impassable and 
perfect. 

Impassable: A road which rides so poorly you doubt if you or t h e  car will make  i t  
t o  t h e  o the r  end at the  speed you a r e  traveling (like traveling down a rai l road 
t r a c k  along the  ties. 

Perfect :  A road which is so smooth tha t  at t h e  speed you are traveling you c a n  
hardly fee! the  road. You doubt t h a t  anything can be done to improve the ride. 

Since these  ex t remes  probably do not  exist on t h e  N.J. roads which you will 
be rating, your choices will probably lie somewhere between t h e  two. 

In order to help you in making your ra t ing we have included a number of 
words along the  scale which could be used to  describe how t h e  riding sensation 
seems to  you. For example, if you should encounter a road for which you 
describe t h e  ride as FAIR but not quite GOOD, place your mark between t h e  
GOOD and FAIR. 

NOTE: W e  are not asking you to replace each  section into one of f ive  
categories. You should use small differences in the  position of your marks on t h e  
sca l e  to i,ldicate your opinim as specifically as possible. 

ACCEPTANCE SU RVE Y: 

Afte r  you have made your rating of the  ride quality of a section, w e  wan t  
you to  check t h e  appropriate box along t h e  side the  rating scale to ind ica te  
whether or not you f e e 1  this level of ride is acceptable  on this secrion of S t a t e  o r  
In te rs ta re  Highway. 



PROCEDURE OF - THE - SURVEY: 

You will be ra t ing 7 quarter  mile sections of road e a c h  morning and e a c h  
afternoon. 

All  the  pavements  which you r a t e  in t h e  morning or af ternoon will be 
concre te  or bituminous (black top). 

You will be given a package of 7 forms with the  sect ion numbers already 
filled in. W e  will review the  numbers before  t h e  test t o  be su re  you h a v e  
the  proper numbers in  the  cor rec t  order. 

The beginning and end of each  K mile seci ion will be del inea ted  by a o r a n g e  
N J  DOT cone. 

As you approach the  section t h e  driver will call out  t h e  sect ion number  
you pass t h e  cone he  will tell you to START. Begin concentrat ing on t h e  
fee l  of t h e  ride. A t  the  second cone t h e  driver will say STOP. A t  tius 
point place your rating on t h e  form. 

Next indicate  whether  you feel the ride p a l i t y  is accep tab le  for this road 
and speed or whether the  ride quality shouid be improved. 

SPECIAL INSTRUCTIONS: 

Once  you have selected your location in t h e  veh ide ,  please use t h e  s a m e  
location fo r  both days. 

When making your rating, only consider :he r ide quality of t h e  pavemen t  
within t h e  K mile test section. 

Concen t r a t e  only on the  ride quality provided by t h e  roads. Don't let t h e  
appearance of t h e  road surface influence your rating. Judge only on how 
the road feels. 

Don't discuss your ratings with the  other  raters. There are no right of 
wrong answers. W e  a re  in te res ted  in YOUR opinion not t h e  a v e r a g e  
opinion of everyone i n  the  car. 

Please bring a clipboard with you. 
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Appendix 3. 

ANALYSIS OF RATING RESULTS 

R. B a r r o s  
J a n u a r y  1 0 ,  1 9 8 6  

S t a t e m e n t  - of F ind ings  

Management Task Force  y i e lded  t h e  fo l lowing  f i n d i n g s :  
A pavement u s e r  s u r v e y  conducted  i n  J u l y ,  1985, b y  t h e  Pavemen t  

1) P r e c i s i o n  of N e w  J e r s e y  u s e r  op in ion ,  w h i l e  c o n s i s t e r , t  
w i t h  t h a t  of o t h e r  s t u d i e s ,  was weaker  t h a n  i n t u i t i v e l y  
expec ted .  

2 Terminal  s e r v i c e a b i l i t y  levels f o r  pavemen t  r o u g h n e s s  i n  
N e w  J e r s e y  occur  a t  a Mays v a l u e  of a p p r o x i m a t e l y  2 3 7  
i n c h e s  p e r  m i l e .  ( T h i s  c o r r e s p o n d s  t c  a PSR v a l u e  of 2 . 2  
when s u b s t i t u t e d  i n t o  t he  model p r e s e n t e d  below.) 

3)  T h e  a v a i l a b l e  d a t a  s u p p o r t s  only a single r e l a t i o n s h i ?  
modeling u s e r  opinior,  as a f u n c t i o n  of pavemen t  r o u g h n e s s .  
B o t h  r i g i d  a n d  f l e x i b l e  p a v e m e c t s  a r e  a d e q u a t e l y  
r e p r e s e n t e d  b y  t h i s  r e l a t i o n s h i p .  T h e  c u r r e n t  best mo2el 
i s  : 

0.7035 -C.0175 * MAYS P S R  = 5.0 * e 

4 )  The i n a b i l i t y  t o  d i s t i n g u i s h  a d i f f e r e n c e  i n  u s e r  o p i n i o n  
b e t w e e n  r i g i d  a n d  f l e x i b l e  pavements  i s  r e c o g n i z e d  t o  
d e p a r t  f r o m  e x p e c t a t i o n s  based  on ear l ie r  work. T h i s  
f i n d i n g  of  n o  d i s t i n c t i o n  s u r v i v e d  e x t e n s i v e  c h e c k s  of 
b o t h  t h e  e x p e r i m e n t a l  d e s i g n  a n d  t h e  d a t a  c o l l e c t i o n  
process .  

5) I t  has  been sugges t ed  t h a t  a second pavement  s u r v e y  may b e  
w a r r a n t e d ,  b u t  t h i s  t i m e  i n c o r p o r a t i n g  P r o f i l o m e t e r  d a t z  
as w e l l  a s  Mays r eaz ings .  (Had pavement  rouq 'nness  b e e n  
c h a r a c t e r i z e d  w i t h  a P r o f i l o m e t e r  r a t h e r  t h a r ,  a Mays 
Meter, it i s  b e l i e v e d ,  t h e  d i s t i n c t i o n  be tween  pavemen t  
t y p e s  w o u l d  h a v e  h a d  a n  i n c r e a s e d  o p p o r t u n i t y  of  
d e t e c t i o n . )  F c r t h e r m o r e ,  i f  t h i s  s e c o n d  s u r v e y  is 
p r o p e r l y  t i m e d ,  t h e n  m e a s u r e m e n t s  wi th  t h e  A R A N  u n i t  
s c h e d u l e d  f o r  d e l i v e r y  l a t e r  t h i s  y e a r  w i l l  a l so  b e  
a v a i l a b l e  f o r  s t u d y .  T h e  f i n d i n g s  of a s ecsnd  scrvey  
w o u l d  b e  e x ? e c t e f  t o  b o t h  c o n f i r m  t?,e a c p r c p r i a t s  
s t a t i s t i c a l  model 2r.d also provic2e 5irect r e l a t i o n s h i p  
b e t w e e n  t h r e e  inz t rurnerzs  cor-sreerec', p r s e m x e n t  i n  t h e  
e v z l u a t i c r ,  cf 2 a v e - 2 r . t  r r 5 e  andlsr cor.<rt:o?. with ?1a_x 
J e r s e y  u s s r  cpx'.i,"n. 



Discu s s l o n  

A pane l  of 2 3  ra te rs  w a s  convened o v e r  a two-day p e r i o d  t o  
p r o v i d e  s u b j e c t i v e  o p i n i o n s  r e g a r d i n g  t h e k  i m p r e s s i o n  of r i d e  
q u a l i t y  on 3 7  pavement  s e c t i o n s .  T h e s e  pavemen t  s e c t i o n s  were 
r e p r e s e n t a t i v e l y  d i s t r i b u t e d  with r e s p e c t  t o  t h e  r o u g h n e s s  r a n a e s  
o b s e r v e d  s y s t e m w i d e  f o r  r i g i d  a n d  f l e x i b l e  p a v e m e n t s ,  
r e s p e c t i v e l y .  The ' t r u e '  r o u g h n e s s  of each s e c t i o n  w a s  assumed t o  
be t h e  a v e r a g e  Mays r e a d i n g  of t h e  Department 's  f o u r  Mays vehicles ,  
with each  v e h i c l e  making t h r e e  p a s s e s  o v e r  e a c h  site. And, w h i l e  
it is n o t  y e t  p o s s i b l e  t o  make t e m p e r a t u r e  c o r r e c t i o n s  t o  t h e  Mays 
d a t a ,  a l l  Mays r u n s  were made on c o n s e c u t i v e  d a y s  u n d e r  similar, 
w a r m  weather  cond i t ions .  

Upon f i r s t  review of t h e  d a t a ,  an i n e s c a p a b l e  o b s e r v a t i o n  i s  
t h e  h i g h  v a r i a b i l i t y  of u s e r  opinion.  A s p r e a d  of 2.5 P r e s e n t  
S e r v i c e a b i l i t y  Ra t ing  (PSR) u n i t s  between t h e  h i g h  and  l o w  r a t e r  
w a s  t y p i c a l ,  even though  t h e  t o t a l  r a n g e  of t h e  P S R  scale is o n l y  
5.0. A r e a s o n a b l e n e s s  check with Ketron d a t a  f rom a 1 9 8 3  s t u d y  i n  
P e n n s y l v a n i a  i n d i c a t e d  t h a t  o u r  s t a n d a r d  d E v i a t i o n  of 0.65 w a s  
c o n s i s t e n t  with t h e i r s ,  and a secone  check wi th  a 1 9 6 3  P u r d u e  study 
r e v e a l e d  a similar d e g r e e  of v a r i a b i l i t y .  T h e  mean PSR v a l u e s  a t  
e a c h  s i t e  were s u b s t a n t i a l l y  l e s s  d i s p e r s e d ,  o f  c o u r s e ,  znd 
p e r m i t t e d  i n f o r m a t i v e  r e l a t i o n s h i p s  t o  be  i d e n t i c i e d .  

A l o g i t  a n a l y s i s  was performed c n  t h e  kcce;ptablelNot-Accep=able 
r e s p o n s e s  of t h e  r a t e r s  f o r  each pavement s e c t i o n .  An S-shaped 
c u r v e  was produced ,  modeling uniform a c c e p t a b i l i t y  when t h e  r i d e  
was p e r f e c t l y  smooth, uniform u n a c c e p t a b i l i t y  when t h e  r i d e  w a s  
e x t r e m e l y  rough,  and a l lowing  f o r  a t r a n s i t i o n  p h a s e  in-be tween.  
According t o  AASHTO conven t ion ,  t e r m i n a l  s e r v i c e a b i l i t y  o c c u r s  when 
50  p e r c e n t  of t h e  r a t e r s  f i n d  a pavement t o  b e  u n a c c e p t a b l y  rough .  
Th i s  o c c u r r e d  with o u r  d a t a  when t h e  Mays va lue  d r o p p e d  t o  t h e  
v i c i n i t y  of 2 3 7  i n c h e s  p e r  m i l e .  Th i s  r o u g h n e s s  w a s  s u b s e q u e n t l y  
de te rmined  t o  c o r r e s p o n d  t o  a PSR v a l u e  of, a p p r o x i m a t e l y ,  2.2. 

I t  should  be no ted  t h a t  l o g i t  a n a l y s e s  no rma l ly  r e q u i r e  a l a r g e  
amount of d a t a  and,  whi le  a r e a s o n a b l y  good f i t  w a s  o b t a i n e d  i n  o u r  
exper iment ,  t h e  a v a i l a b l e  sample s ize  must be c o n s i d e r e d  r e l a t i v e l y  
small. This  problem w a s  i n a d v e r t e n t l y  compounded b y  t h e  form of 
t h e  q u e s t i o n  posed t o  each r a t e r .  Ra the r  t h a n  f o r c e  them t o  choose 
b e t w e e n  " A c c e p t a b l e "  a n d  "Not  A c c e p t a b l e "  r e s p o n s e s ,  a t h i r d  
a l t e r n a t i v e ,  "Unsure",  w a s  a l s o  allowed. T h e  l o g i t  model r e q u i r e s  
b i n a r y  t y p e  d a t a  a n d  i s  u n a b l e  t o  make u s e  o f  s u c h  i n t e r m e d i a t e  
r e s p o n s e s .  Hence  a f u r t h e r  r e d u c e d  s a m p l e  s i z e  w a s  imposed ,  
c o n s i s t i n g  of on ly  t h o s e  raters a b l e  t o  r e a c h  a n  extreme d e c i s i o n .  
I t  is recommended t h a t  t h e  "Unsure" r e s p o n s e  b e  o m i t t e d  f r o m  f u t u r e  
s u r v e y s .  T h e  a v a i l a b l e  d a t a  y i e l d e d  a r e a s o n a b l y  good f i t  t o  t h e  
model, nevertheless,  wi th  a n  R-Square va lue  of 0 . 7 7 .  



f 

The p r o p o r t i o n  of ra te rs  expec ted  t o  f i n d  a pavement  a c c e p t a b l e  
may be estimated with t h e  fo l lowing  l o g i t  equa t ion :  

E X P ( B 0  + B l * M A Y S )  
= 1.0 + EXP(B0 + B l * M A Y S )  

where: BO = 4.97 
B 1  = -0.021 

A s u b s t a n t i a l  e f f o r t  w a s  made i n  deve lop ing ,  r e f i n i n g ,  a n d  
c o n f i r m i n g  t h e  s t a t i s t i ca l  model f o r  t h e  (MAYS,PSR)  r e l a t i o n s h i p .  
A cr i t ical  p a r t  of t h i s  e f f o r t  was t h e  d e t e r m i n a t i o n  of t h e  most 
a p p r o p r i a t e  form f o r  t h i s  model. That  i s ,  shou ld  t h e  g e n e r a l  s h a p e  
o f  t h e  f i t t e d  c u r v e  b e  a s t r a i g h t  l i n e ,  a p a r a b o l a ,  o r  a n  
e x p o n e n t i a l  f u n c t i o n ?  Do a d d i t i o n a l  cri teria ex i s t ,  r e l e v a n t  t o  
t h e  d a t a ' s  s t r u c t u r e ,  b u t  n o t  who l ly  descr ibed b y  t h e  sample  
o b s e r v a t i o n s ,  wh ich  s h o u l d  a l s o  b e  c o n s i d e r e d  i n  t h e  model ' s  
e v a l u a t i o n ?  And, f i n a l l y ,  w h a t  is t h e  s i g n i f i c a n c e  a n d  w e i g h t  
a s s i g n a b l e  t o  t h e  d i s c r e p a n c i e s  ( a n d  similarities) be tween  tne 
model produced  and o t h e r  models found i n  t h e  l i t e r a t u r e ?  

A f u n d a m e n t a l  t h e o r e t i c a l  p o i n t  m u s t  b e  u n e q u i v o c a l l y  
e s t a b l i s h e d  p r i o r  t o  f u r t h e r  2 i scuss ion .  S t a t i s t i c t l  models a re  
s i m p i y  m a t h e m a t i c a l  f u n c t i o n s ,  y = f  ( x ) ,  used a s  a c o n v e n i e n t  
s u r r o g a t e  f o r  a l a r g e  a r r a y  of (x,y) coord ina te s .  T h e y  p r o v i d e  a 
means t o  i n t e r p o l a t e  between observed  (x,y) p o i n t s  a n d  f i l t e r  o u t  
' s ta t is t ical  n o i s e '  by  l o c a l l y  smoothening t h e  y = f  (x)  r e l a t i o n s h i p .  

The 'best fit' of a model simply m i n i m i z e s  t h e  d e g r e e  t o  which  
some f u n c t i o n  y = f ( x )  misses t h e  n e t  a r r a y  of (x,y) c o o r d i n a t e s  i n  a 
p r e d e t e r m i n e d  manner .  R e g a r d l e s s  of t h e  f o r m  of  t h e  m o d e l  
s e l e c t e d ,  h o w e v e r ,  be  it a s t r a i g h t  l i n e ,  a p a r a b o l a ,  o r  a n  
e x p o n e n t i a l ,  a ( d i f f e r e n t )  'best f i t '  w i l l  be f o u n d  f o r  e a c h  fo rm 
of t h e  f u n c t i o n  y = f ( x ) .  Each of t h e s e  'best f i t s '  c a n  be e x p e c t e d  
t o  model t h e  obse rved  d a t a  p o i n t s  r easonab ly  w e l l  w i t h i n  t h e  r a n g e  
of obse rved  x va lues .  For example, a s t r a i g h t  l i n e  may a d e q u a t e l y  
approximate  a v e r y  f l a t  pa rabo la  wi th in  a limited r a n g e  of data. 

S e l e c t i o n  of t h e  b e s t  fo rm of  t h e  model  r e q u i r e s  c a r e f u l  
c o n s i d e r a t i o n .  I f  one a d o p t s  t h e  'best f i t '  of a model wi th  an  
i n a c c u r a t e  f o r m ,  t h e n  l a t e n t  e r r o r s  a r e  p r e d e s t i n e d  t o  s u r f a c e  
u n d e r  c e r t a i n  c o n d i t i o n s  of t h e  model's s u b s e q u e n t  use .  Es t ima ted  
y v a l u e s  c a i c u l a t e d  w i t h  t h e  y = f  (x) r e l a t i o n s h i p  may s u b s t a n t i a l l y  
d i f f e r  from t h e i r  t r u e  v a l u e s  a n d ,  u n f o r t u n a t e l y ,  t h e y  w i l l  
p robab ly  d i f f e r  t o  a d e g r e e  u n d e r s t a t e d  by t h e  p r e c i s i o n  estimate6 
w i t h  e s t a b l i s h e d  s t a t i s t i c a l  t e c h n i q u e s .  C o n s i d e r  t h e  s t r a i g h t  
l i n e  approximat ing  a parabola :  t h e  d i s c r e p a n c i e s  will t e n d  t o  g rew 
a s  x v a l u e s  approach  t h e  e x t r e m i t i e s  cf t h e  c b s e r v e d  da ta  ar,ci, 
u l t l n a t e l y ,  d i v e r s e  completely.  Thus,  while s e v e r a l  forms of a 
s t a z i s t i c a l  model may a p p e a r  zo be F r a c t i c a l l y  i n d i s t i n g u i s h a b l e  
w l t ~ ~ r !  t h e  r a r .qe  G f  the G k S E r v e E  daza, ScleCtlOn cf t k a t  f o r m  which 
1 s  z e s t  mus t  a l s G ,  i n  scme s-izi~xez, cons rSe r  t h e  x h e r c n t  s t r u c t c r e  
95 5r.e d a t a  ccllected. 



T w r ,  b o u n d a r y  c o n s t r a i n t s  exis: f o r  t k e  (x,y) c o o r 5 i n a t e s  5n 
n o d e l i n g  t h e  ( M A Y S , P S R )  r e l a t i o n s h i p .  F i r s t  it m u s t  b e  
acknowledged t h a t  bo th  measures of pavement r o u c h n e s s  h a v e  a f i x e d  
extreme v a l u e  f o r  p e r f e c t l y  smooth pavements.  T h a t  is, w e r e  a Mays 
v a l u e  of 0.0 i n c h e s  p e r  mile e v e r  t o  b e  e n c o u n t e r e d ,  t h e  PSR 
m e a s u r e  c o u l d  n e v e r  b e  a n y t h i n g  b u t  5.0.  S e c o n d ,  pavemen t  
r o u g h n e s s  may i n c r e a s e  i n d e f i n i t e l y  wi thou t  en u p p e r  bouxd .  A S  
pavement  r o u g h n e s s  increases t o  i n f i n i t y ,  a minimum TSR v a l u e  (0.0) 
w i l l  be  a p p r o a c h e d .  On a n  X - Y ,  g r a p h  such a r e l a t i o n s h i p  is 
modeled by an  a sympto t i c  f u n c t i o n .  

T h e  a p p r o p r i a t e  s t a t i s t i ca l  model is t h e r e f o r e  assumed t o  b e  
t h e  smooth f u n c t i o n  f i t t i n g  bo th  of t h e s e  boundary  c o n d i t i o n s ,  a n d  
t h e  'best f i t '  of t h e  model de te rmined  by t h o s e  s p e c z i c  p a r a m e t e r s  
which allow t h e  f u n c t i o n  y = f ( x )  t o  most c l o s e l y  r e p r o d u c e  t h e  a r r ay  
of o b s e r v e d  (x,y) c o o r d i n a t e s .  A model of t h e  form 

Y =  
b a *x 5.0 e 

is an  e x c e l l e n t  c a n d i d a t e  f o r  t h i s  t a s k  beca l l se  it c a n  m a n i f e s t  
=he  f ami ly  of c u r v e s  shown i n  F i g u r e  1. Given t h e  g e n e r a l  f o r m ,  
i .e . ,  t h e  f a m i l y  of cu rves ,  s t a t i s t i c a l  m e t h o d s  a r e  u s e d  to 
I d e n t i f y  t h e  specific v a l u e s  of a and b which p r e s c r i b e  t h e  s i n g l e ,  
most a p p r o p r i a t e  equa t ion .  The p a r a m e t e r s  . z  a n d  D may be most 
m e a n i n g f u l l y  estimated w i t h  n o n l i n e a r  r e g r e s s i o n  t e c h n i q u e s ,  ( T h e  
Gene ra l  l i n e a r  model approach  can  also be used  b u t  is s u b j e c t  t o  
c e r t a i n  drawbacks,  a s  t h e  'best  f i t '  is a r r i v e d  a t  by  min imiz ing  
t h e  r e s i d u a l  e r r o r  on  a t r a n s f o r m e d  scale. T h i s  f i t  nay n o t  
c o r r e s p o n d  t o  t h e  optimum on a s c a l e  of t h e  o r i g i n a l  u n i t s . )  

Observed (MAYS,PSR) c o o r d i n a t e s  were r e c o r d e d  preserv ing  t h e  
d i s t i n c t i o n  b e t w e e n  r i g i d  a n d  f l e x i b l e  p a v e m e n t s .  Reqression 
a n a l y s e s  w e r e  conducted  i n  a manner which would a l low d ~ f e r e n t ,  
i n d i v i d u a l  c u r v e s  from t h e  f a m i l y  of c u r v e s  ( F i g u r e  1) t o  be 
i d e n t i f i e d  f o r  each  pavement  t y p e  if j u s t i f i e d  b y  t h e  observed 
t r e n d s .  However ,  t h e  e x p e r i m e n t a l  d a t a  d i d  n o t  s u p p o r t  a 
d i s t i n c t i o n  between r i g i d  and f lex ib le  pavements .  The 'best  f i t '  
c u r v e  f o r  al l  pavements  w a s  found t o  b e  : 

0.7035 -0.0175*MAYS PSR = 5.0 e 

A c o n v e n t i o n a l  R-Square v a l u e  is  n o t  meaningfu l  when n o n l i n e a r  
r e g r e s s i o n  t e c h n i q u e s  are used  b u t ,  as i l l u s t r a t e d  i n  F i g u r e  2, 
this model t r e n d s  t h r o u g h  t h e  mass of t h e  o b s e r v e d  d a t a  p o i n t s  v e r y  
w e l l .  (Had  t h e  g e n e r a l  l i n e a r  approach  been t a k e n ,  w h e r e  t h e  
s q u a r e d  r e s i d u a l  errors a re  minimized on a n a t a r a l  log s c a l e  r a t h e r  
t h a n  on t h e  direct  u n i t  measurements themselves ,  t h e  R-Square  v a l u e  
wou ld  be found  t o  be 0.51.) 

F i g u r e  3 p r e s e n t s  t h e  model ir! what may be a more i n f o r m a t i v e  
c o n t e x t .  T h e  mean PSR v a l u e s  f o r  each s i t e ,  p l u s  a r a n g e  of t w o  
s t a n d a r c !  e r r o r s  o n  e i t h e r  s i d e  of t h e  mem, a r e  p l o t t e d  a s  a 
v e r t i c z l '  l i n e .  R i g i d  p a v e m e n t s  a r e  r e p r e s e n t e d  b y  c o n t i r , u o u s  



c 

5 

Y 

C 

X 
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F i g u r e  2. S c a t t e r  p l o t  of ( M A Y S , P S R )  and  t h e  f i t t e d  model. 



F i g u r e  3. R e l z t i o n s h i ?  b e t w e e n  mesz ?SR, f i t r e d  model,  and 
p evernent t:Jae. 



l i n e s  w h i l e  f l e x i 3 I e  paverrerzs  z e  r e p r e s s n t e s  by 6zs?.ec l i n s s .  I t  
can  b e  s e e n  t h a t  t h e  rno6el does a c e d  escimzte =he  mean ? S 2  v a l z e s  
r e l a t i v e l y  w e l l ,  a n d  t h a t  r i g i d  and f l e x r j l e  pavemen t s  c o e x i s t  i n  
an  ove r l app ing  domain cf u s e r  o;?inion. 

T h i s  model d i f f e r s  f rom o t h e r s  cite6 in +Lhe l i t e r a t u r e  i n  two 
r e s p e c t s .  F i r s t ,  it i n c o r p o r a t e s  known c o n s t r a i n t s  i n t o  t h e  
m a t h e m a t i c a l  model w h e r e a s  e a r l i e r  work c o n c e n t r a t e d  only o n  
o b t a i n i n g  t h e  ' b e s t  f i t '  of y wi th in  t h e  o b s e r v e d  r a n g e  of x.  
Second, t h i s  s t u d y  w a s  un ique  i n  i t s  access t o  N e w  J e r s e y  user 
opinion.  Thus it was n o t  s u r p r i s i n g  t h a t  t h e  estimates p r o d u c e d  by 
ear l ier  models d i f f e r e d  from t h e  e s t i m a t e s  p roduced  w i t h  this one. 
Based on t h e  in fo rma t ion  a v a i l a b l e  a t  t h i s  t i m e ,  it is t h e  o p i n i o n  
of t h e  Pavement Management Task Force  t h a t  t h e  above is  i n d e e d  t h e  
most a p p r o p r i a t e  model f o r  u se  i n  N e w  J e r s e y .  

I t  h a s  been e s t a b l i s h e d  in t h e  l i t e r a t u r e  t h a t  u s e r  o p i n i o n  of 
r i d e  q u a l i t y  is i n f l u e n c e d  b y  p a v e m e n t  t y p e ,  b u t  l e a d i n g  
a u t h o r i t i e s  (i.e., Hudson and Janoff  , I  i n d e p e n d e n t l y  report  t h a t  
t h e  Mays Meter is i n c a p a b l e  of d e t e c t i n g  t h i s  effect .  I t  a p p e a r s  
t h a t  t h e  Mays Meter i s  i n s e n s i t i v e  t o  s u b t l e  f a c t o r s  which 
i n f l u e n c e  u s e r  o p i n i o n ,  s u c h  a s  t h e  o n e - t h i r d  o c t a v e  b a n d  
f r e q u e n c i e s  J a n o f f  h a s  i d e n t i f i e d  w i t h  a Profilometer. I t  i s  
r e c o g n i z e d  t h a t  t h i s  f i n d i n g  of no d i s t i n c t i o n  be tween  p a v e m e n t  
t y p e s  may h a v e  s i g n i f i c a n t  r e p e r c u s s i o n s  upon t h e  D e p a r t m e n t ' s  
Pavement Management System. 

I f  it is i m p o r t a n t  t o  q u a n t i f y  t h e  Z i f f e r e n c e  i n  N e w  J e r s e y  
u s e r  op in ion  between f l e x i b l e  and  r i g i d  pavement  rizc q u a l i t y ,  it 
i s  p o s s i b l e  t h i s  may be achieved  by  c o n d u c t i n g  a s e c o n d  p a n e l  
r a t i n g  s u r v e y  i n  wh ich  p a v e m e n t  r o u g h n e s s  is measured  w i t h  a 
P r o f i l o m e t e r .  Fu r the rmore ,  s i n c e  t h e  Department  i s  s c h e d u l e d  t o  
receive an ARAN u n i t  l a te r  t h i s  y e a r ,  t h i s  ? a n e l  s u r v e y  c o u l d  be 
t i m e d  t o  i n c o r p o r a t e  A R A N  m e a s u r e m e n t s  a s  w e l l  a s  Mays  a n d  
P r o f i l o m e t e r  r e a d i n g s ,  t h u s  p e r m i t t i n g  u s  t o  e s t a b l i s h  direct  
r e l a t i o n s h i p s  between t h e  v a r i o u s  i n s t r u m e n t s .  ( I t  i s  n o t  expec ted .  
t h a t  Mays r e a d i n g s  w i l l  be s e n s i t i z e d  t o  t h e  d i f f e r e n c e  b e t w e e n  
r i g i d  a n d  f l e x i b l e  p a v e m e n t s  a s  a r e s u l t ,  h o w e v e r . )  T h e s e  
t r a n s f o r m s ,  combined wi th  a d i r e c t  r e l a t i o n s h i p  t o  u s e r  o p i n i o n ,  
would  a s s u r e  t h e  d e v e l o p m e n t  of a w e l l  c a l i b r a t e d  P a v e m e n t  
M an ag  e men t S y stem. 



t 

Appendix 4 

Analysis of Variance of 1985 Pavement Roughness Panel Study  
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NEW JERSEY DEPART3lE.T OF TK.tYSi'OIl'l'.\'rlON 

SUBJECT "Analysis of Variance, 1985 NJDOT DATE 5/23/86 TELEPHONE NO. 

Pavement Roughness Panel Survey" 

OVERVIEW 

This analysis investigated the observed variability in the 1985 pavement 

roughness panel survey on a substantially more detailed level than previously 

attempted. While specific influences on the rating results have been identified, 

these findings remain consistent with previous work. Important conclusions are: 

pavement roughness is indeed the predominant influence on the reported ratings, 

pavement type is not a significant consideration af ter  the level of roughness has 

been screened from the  data, and both the individual rater and the vehicle used 

also significant factors. 

DISCUSSION 

The July, 1985, pavement roughness panel survey results were investigated 

with the objective of identifying the specific sources of variability which 

influence the reported ratings. Analysis of variance (AOV) techniques were 

applied to test whether the various ways in which the data could be partitioned 

would survive a test for statistical significance. A finding of statistical 

significance would indicate that the partitioning criteria meaningfully 

segregated (at least) two levels of the response variable. For example, pavement 

sites with roughness levels known t o  differ elicited a correspondingly varying 

rating of acceptability from the panel members. Thus, it was not surprising that 

the factor SITE was found to  be statistically significant in explaining the 

variability observed in RATING. 
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At least four a l ternat ive procedures exist with which the  tes: of 

significance may be applied, not all of which may be appropriate for  e a c h  

experimenral design. In the  present application, two cr i te r ia  are possible, those 

designated by their summation process as Type I and Type 111 Sums of Squares. 

The Type 111 procedure is the  more conservative. (It is unaffected by unbalanced 

sample sizes within the  partitioned cells and is independent of the  order  in which 

t h e  factors to be tes ted are listed in t h e  model.) Thus, strong emphasis was  

placed on t h e  results of this  procedure even though t h e  al ternat ive,  Type I, 

allowed a greater  number of fac tors  to be tested. 

Previous work has concluded tha t  t he  relationship between t h e  level of 

pavement roughness (measured by a Mays Meter) and user perception is a 

nonlinear one ("Analysis of Panel Roughness Rating Results", R. Barros, 2/27/86). 

Visual inspection of the  da t a  d e a r l y  indicated tha t ,  although the  distribution of 

pavement roughnesses of bituminous pavements is distinctly o f f se t  f rom t h e  

distribution of rigid pavement roughnesses, both distributions independently 

es t imate  virtually t h e  same  Present  Serviceability Rating (PSR) - Roughness 

relationship. This nonlinear relationship is presented in Figure 1. An "R" is 

printed at t h e  (X,Y) coordinate predicted by t h e  rigid pavement distribution, and 

a IIBII is printed at the  analogous (X,Y) coordinate predicted by t h e  bituminous 

pavement distribution. The agreement  between the  two nonlinear curves  is so 

close that most predicted points are plotted on top  of one another. 

Given the  knowledge of a distinct o f fse t  between roughness distributions of 

rigid and b i ~ m i n o u s  pavements, care is required in applying and interpret ing 

AOV analyses. If one forges ahead, then one would find t h a t  both Type I and 

Type 111, Sums of Squares, identifies the  variable PAVE, for  pavement type, as 
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highly signiiicant in partitioning +he ieveis of PSR, as measured by the  variable 

RATING. In t h e  present  case, this does not mean t h a t  a different  PSR 

relationship exists for each  pavement type, i t  means tha t  two different  aspec ts  

of the same  relationship have been identified. (Rigid pavements tend t o  be 

rougher and are generally associated with lower levels of RATING than 

bituminous pavements.) 

It is possible to quantitatively distill from t h e  variable PAVE t he  principal 

influence leading t o  a significant distinction in t h e  variable RATING. 

Introduction of a new variable for each  site, PREDPSR, ref lect ing the  predicted 

rat ing one would expec t  based exclusively on t h e  roughness level observed a t  

t h a t  site, l iberates  t he  variable PAVE to exclusively re f lec t  non-roughness type 

effects. These might include extraneous variables such as pavement color, 

ruteing, and so forth. 

Application of a second AOV, but this t ime incorporating the  variable 

PREDPSR, reveals t h a t  t he  variable PAVE now becomes non-significant under 

both the  Type I and t he  Type 111 Sums of Squares tes t ing procedures. The level of 

significance dropped f rom 0.0001 to 0.4454. PREDPSR, on t h e  other  hand, is 

significant at the  0.0001 level with the  Type I method and deemed untestable  

with t h e  Type 111. The apparent  interpretat ion of these findings is clear. Once  

the  influence of roughness has been f i l tered from t h e  controlled fac tor  PAVE, 

pavement type no longer meaningfully assists in explaining t h e  variability 

observed in the  reported user perception of pavement serviceability. 

I t  is recognized t h a t  in an  ideal analysis, one would f i rs t  e s t ima te  t h e  

parameters  of t h e  appropriate nonlinear PSR-Roughness model, as has been done, 



c 

then apply this model to an independent set of da t a  for t he  AOV analysis. This 

was not possible because only one  da ta  set was available. Thus, t h e  same  d a t a  

used to es t imate  the  nonlinear parameters  of t he  model was also used to test the  

explanatory power of the  model in t h e  AOV analysis. It is expected t h a t  t h e  

primary consequence of this lack of independence will be  the  loss of power in 

identifying statistical significance. As it turns out, several  of t h e  partitioning 

factors  considered were found to be  statistically significant neverthe!ess, 

suggesting this  lac.< of independence was  not  overly detr imental  in t h e  present  

application. Furthermore, application of engineering judgment to the  

information presented in Figure 1 strongly confirms the  latter AOV resul t  t h a t  

the  variable PAVE is not an important consideration in partitioning t h e  various 

levels of RATING throughout t he  observed range of pavement roughness. 

Eight partitioning criteria were tested in the  AOV of the  panel survey 

results. These are presented in Table 1. Of these, only four variabies, PAVE, 

VEH, POSITION, and either SITE or PREDPSR may be tested with t h e  Type III 

procedure. (The remaining variables are considered t o  have zero  degrees of 

freedom in this experimental design by this procedure.) As shown in Table 2, t he  

fac tors  SITE, VEH, and POSITION were found to very significantly influence t h e  

level of RATING. 

Taken together, SITE, VEH, and POSITION account  for a s u b s t a x i a l  

portion of t he  observed variability in t h e  reported pavement rating. The R- 

Square for this model is 0.77. The residual error has a standard deviation of 9.47 

units in PSR. 

Interpretation of the variables SITE and VEH is relatively straightforwzrd. 

One predominantly ref lects  the  degree of pavernenr rouehness and t h e  other  the 



VARIABLE 
NAME 

RATING 

PAVE 

SITE 

DRIVEXP 

SEX 

CATEGORY 

VEH 

POSITION 

PREDPSR 

$ 

TABLE 1 
VARIABLES INCLUDED IN PANEL R.ATINC AOV 

DESCRIPTION 

A continuous variable from 
0 to 5,  with higher numbers 
reflecting a more favorable 
user-perception of 
pavement roughness. 

Pavement type, e i ther  Rigid, 
Bituminous, or Composite. 

A unique designation identifying 
a specific pavement section. 

Driver experience, e i ther  
"LITTLE" if less than 5 
years, or otherwise, "LOTS". 

Sex of ra ter .  

Tn for those ra te rs  pro- 
fessionally involved in some 
form of technical diagnostic 
evaluation of pavements, other- 
wise "N" for  nontechnical. 

License plate  number of vehicle 
in which ra te r  rode. 

Position in vehicle: 
nRF1g for right front, 
lgLR" for left rear, and 
"RR" for  right rear. 

The predicted rating 
produced with the nonlinear 
model: 

0.703 O.Ol8MAYS PREDPSR = 5* e- 

COMMENT 

RATING is t he  response 
variable in the  AOV. 

Note that because 
"LR" in one vehicle is not  
t he  same as IZR" in another ,  
POSITION is nested within 
VEH. Note also t h a t  s ince  
individual raters did not  
change seats or vehicles, 
t he  individual r a t e r  e f f e c t  
is confounded within this  
variable. 

I t  is recognized t h a t  
it would have been desirable 
t o  independently develop 
the  nonlinear model used 
to  compute PREDPSR. 
This was not  possible in 
the  present case. Thus, 
a cer ta in degree of overlap 
in explanatory power may 
be unavoidable with r e spec t  
t o  the  variables SITE and 
PREDPSR. 
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TABLE 2. FULL AOV MODEL INCORPORATING BOTH PREDPSR AND S I T E .  
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dampening capability of the vehicle's suspension. Interpreration of t h e  v a r i a i e  

POSITION is slightly less clear. It was intended t o  re f lec t  which ?assenger s e z t  

was occupied by each rater .  Raters  maintained the  same seat within the  same  

vehicle throughout t he  experiment, however, confounding t h e  rater-to-rater 

effect with that of POSITION. Rater-to-rater variability must be considered a 

random (or uncontrollable) e f f ec t  and, while POSITION may not  be random, i t  

can be reasonably approximated as one, thus, this shortcoming was considered to  

be of limited impact. Both rater-to-rater and t h e  POSITION e f fec t s  can  b e  

justifiably pooled into the  term of inherent variability. 

The variable SITE is a class, or categorical, parameter  uniquely identifying 

each pavement section and is not a continuous variable. That  is, Site 3 is nei ther  

lower nor higher than Site 4. Thus it is only partially helpful to  know t h a t  t h e  

sites are significantly different  - a f t e r  all, they were included in the  experiment  

precisely because they were different. 

The predominant distinction between the  various sites has been assumed to  

be their level of roughness. Elimination SITE from this model allows PREDPSR, 

a continuous variable, to assume t h e  role of its surrogate. A key advantage  

offered by this modification is tha t ,  more than knowing t h a t  sites af fec ted  PSR 

differently, t he  model assists in understanding how t h e  sites af fec ted  PSR. The  

equation used t o  generate  PREDPSR can be quantitatively assessed. Table 3 

shows that PREDPSR is indeed highly significant provided the  SITE is not  also in 

t he  model, confirming the  assumption t h a t  the  predominant distinction between 

sites is roughness. The R-Square for this model drops by 0.08 to 0.69, 

representing the  small loss in explanatory power one pays for  a quant i ta t ively 

more clear model under test. 
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G E N E R A L  L I N E A R  MODELS PROCEDURE 
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I 

TAUI-E 3. REDUCErI AOV MODEL WlTll PREDPSR A S  A SURROGATE FOR S I T E .  



I t  is interestin; to note tt ia:, had a Type I AOV analysis >eon seiececi, 

these same conclusions would have keen reached. The Type I analysis would have 

also indicated tha t  the variables DRIVEXP, SEX, and CATEGGRY were xo 

significant in partitioning levels of :he response variable RATING. The resu l tan t  

R-Square does not change but remains 0.77, however, suggesting that the 

additional ref inement  does not fur ther  diminish the  residual error f rom what  was 

previously achieved. Thus, support is generated to  accept  t he  simpler, but 

comparably powerful, Type I11 analysis. 

In summary, a concise model has  thus been defined which accounts  for 

nearly 70 percent  of t h e  observed variability in PSR. This model is easily 

interpreted. Aside from pavement roughness, t he  vehicle used to  ride over a 

pavement  and the  individual ra te r  has also been found to have a significant 

e f f e c t  with a Type III AOV procedure. Pavement  type  is concluded t o  be non- 

significant in influencing user perception of pavement  serviceability. 



Appendix 5 

Locations of 1986 Panel T e s t  Sites  

. 



, @  Gdy 



8 '  Appendix 5 .  
N J  R c t u t e / N o r t h  

E n t e r  R o u t e  1 NE a t  or s o u t h  o f  M u l b e r r y  St. 

*lC* Road: R o u t e  i NB 
S p e e d :  55 mph 
Warning:  M u l b e r r y  St .  e x i t  
Start : MP-3 
End: 'Whitehead R d  Next  R i g h t "  s i g n  

### C o n t i n u e  NE on US 1 
T u r n  r i g h t  on to  B a k e r s  B a s i n  R d / S h e l l  g a s  s t a t i o n  or1 l e f t /  
a t  t r a f f i c  s i g n a l .  

*ZB* Road: B a k e r s  Bas in  
Speed: 35 rnph 

Star t :  J u s t  p a s t  s t o n e  h o u s e  o n  r i g h t  a t  t h e  end of  t h e  

End: P a i n t  o n  road/tree u v e r h a n g i n g  r o a d  befor-e  curve 

. Warning:  Youngs  Rd intersect i o n  

c u r v e  

### T u r n  r i g h t  o n t o  Q u a k e r b r i d g e  Road 

*3E* Road: Q u a k e r b r i d g e  Road 
S p e e d :  45 rnph 
Warning:  F i r s t  t r a f f i c  s i g n a l  ( m u s t  b e  l e a d  ca r )  
Start: P a i n t  on first TP a t  45 mph sign 
End: P a i n t  on TP ( n e e d s  more mark. ing)  

### Lett t u r n  un to  33EB 

*4P* R o a d :  SSE 
S p e e d :  45 niph 
Warning:  45 mph s i g n  p a s t  Y a r d v i l  l e - H a m i l t o n  Sq. Rd 

( m u s t  b e  1 ead car) 
Start :  TP p a s t  45 hlph s i g n  
End: TP on l e f t  s i d e  at C e n l a r  B a n k  

### T a k e  lef t  o n t o  33E/13@N 

*5CW Road: 33E/138N 
S p e e d  : 55rliph 
W a r n i n g :  TP at P a r k e r  T r a i  1er Service 
St  art  : MP-63 
End: TP at e n t r a n c e  t o  R d v a n c e  E l e c / O f f  ice E l d q  

*GC* Road: 33E/138N 
Speed:  55 mph 
Warning:  "NO S t o p p i n g / S t a n d i n g "  s i g n  b e f o r e  RriiOcct 

S tar t :  MP-66 
End: "No S t u p p i n q / S t a n d i n g "  sign . 4 m i  E/N 

a t  electric s u b - s t a t i u n  

### E x i t  u n t o  33EB 



f .  

*7F* Road: 33E 
Speed:  45 nlph 
War-rtinq: Br - idge  p a r - a p e t  (unde r -  33) 
S t a r t  : MP-13 
E n d :  4 t h  TP p a s t  Pgway 

### Pr-acced thr-lDugh H e i g h t s t a w n  ort 33E, fc@l l o w i n g  NJTFK s ~ q r t s  
T t l r n  r - i g h t  u n t o  M i  l f o r - d  Rd/3r-d i n t e r s e c t  iclrt p a s t  NJTFK 
a t  E x x o n  s ta t  i o n  

N o t e :  s i t e  i r t i r n e d i a t e l y  after-’ t u r - n  

*3B* 

### Tur-n 

*42:B* 

X # X  L e f t  

Rgad : M i  1 fclrd 
S p e e d :  35 mph 
War-rting: R i g h t  tur-rt on tc t  M i l f o r d  Rd 
S t a r t :  P a i n t  ti t a p e  or1 r v a d  
End: P a i n t  Er t a p e  o n  r-odd 

l e f t  u n t o  E t r - a  Rd (571) a t  s t o p  s i g n  

Road : E t  r-a/57 1 
S p e e d :  35 mph 
War-n i n g  : T a p e  clrl r-oad .J ~1st p a s t  s i g n  fm- k c a s e v e  1 t 
S ta r - t :  P a i n t  t a p e  on r-clad b e f o r - e  curve 
End: TP p a s t  N J D L  S u p p l i e s  

f ur-n ont  10 Mortnil=lut h C r t t  y 1 /Per-r- i r e v  i 1 1 e R d  

( Q d d i t i o n a l  s i t e  d e l e t e d )  

** GO s t r - a i q h t  wher-e Mctnrticluth C r t t y  1 veers r - i q h t  ( a r - r v w  siqrt  
p o i n t i n g  r i g h t )  
G o  s t r - a i g h t  a t  s t o p  s i g n / E a r v d  R d  

* 4 3 B *  Road : B a  1 r d  
S p e e d :  35 niph 
War-ning:  .S m i  p a s t  s t o p  s i q n / t a p e  clrI r v a d  A. TF’ cdri l e f t  
Sta‘r‘t: . 2  1111 p a s t  war-n inq  n i a t - k / t a p e  on r - i g h t  b TP or1 

E n d :  . 35 n i i  p a s t  s t a r - t / t a p e  o n  r - i g h t  &. t p  clrl l e f t  
l e f t  

*45c* Road: 33E 
S p e e d :  50 niph 
L-Jst-nirig: 3 TF p a s t  t r a f f i c  signal a t  Par-k 

t a p e  car! TF 
Start: . 2 m:. e a s t / t e t p e  ciri T2 
End: “Nc L i t t e r - ”  sip-4 



*' 
### T a k e  R o u t e  '3 N k  a t  circle (lots of rest s t o p s  h e r e )  

*451 * Road: 9N 
S p e e d :  55 mph 
Warning:  
St ar t  : 
End : 

### T a k e  R o u t e  18 NB (rest s t o p s  h e r e )  

*46C* Road: 18N 
S p e e d :  55 niph 
Warning:  MP-32 
Start:  T a p e  & p a i n t  o n  road 
End: T a p e  & p a i n t  on r o a d  

( Q d d i t i o n a l  s i t e  d e l e t e d )  

### T a k e  
T a k e  

*48Fi* 

U S  1 NB 
1-287 N k  

Road: I - 2 8 7 N  
S p e e d :  55 mph 
Warning:  "Durham Rv/S. P l a i n f i e l d  3/4 m i l e "  s i g n  
S ta r t :  " 1 - 2 8 7 N "  s i g n  
End: MP-4 

( R d d i t i o n a l  s i t e  d e l e t e d )  

### T a k e  US 22 WB ( e x i t  on l e f t )  

*58P* Road: 2s.J 
S p e e d :  55 riiph 
Warning:  4 TP b e f o r e  MP-32 
S ta r t  : MP-32 
End: " J u n c t i o n  28" s i g n  

*5 1 P* Road: 22 W 
S p e e d :  55 mph 
W a r n i n g :  TP & t a p e  i n  p a r k i n g  area across  fr-ctm d i n e r -  
Start :  M P - 2 8 . 3  
End:  TP & t a p e  b e f o r e  Cctunty L i n e  Rd 

### Make U- turn  and p r o c e e d  EE on 22 
( N o t e :  n e x t  s i t e  d i r e c t l y  across rctad f r o r n  p r e v i c i u s  one) 

*52C* Road: 22E 
. S p e p d :  55 rnph 
. W a r n i n g :  TP & t a p e  across from ertd uf las t  s i t e  
Star t  : TP & t a p e  a t  i n t e r s e c t  ilm 

End: TP a t  R o y a l  D i n e r  (Needs  t a p e ! )  

### E x i t  o n t o  28 

( Q d d i t  i o n a l  s i t e  d e l e t e d )  
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### Take r i g h t  a t  c i rc le  canto 202:SB 

*54P* R,z,ad : zO.=*' La 

S p e e d :  55 rnph 
W a r - n  i ng  : "Nn S t  cipp i ng  / S t  a n d  i nq  " s i q n  ; G e t  t y st a t  i cart 

co-1 1 e f t  
s t a r t :  iw-ia 
End:  . 4  m i  p a s t  MP-lB/TP 6 t a p e  

*55p* RiDad: E@E:S 
S p e e d :  55 mph 
War-rlinq: "No S t o p p i n g / S t a n d i n g "  s i g n  S. o f  L y n n  

Star- t :  . E  m i  S a t  wclud pcls t  
End:  MP-15 

E q u i p m e n t  Co. 

### T a k e  1ZWE a t  cir-cle 

*SGC* Road:  1ZW 
S p e e d :  58 mph 
W arw i n g : 
S t a r t :  MP-3 
End : TF' 6 t a p e  o p p c l s i  t e N a t  1 Guar-d R r v i o r y  

" Hunt  er-d c t  rl C rl t y Con1 p 1 e x " s i g n 

( a d d i t i o n a l  s i t e  d e l e t e d )  

*58C* Road:  1 2 W  
S p e e d :  58 niph 
W a r n i n g :  TP & t a p e  near -  "Br - idge  F r e e z e s  Befu r -e  

S ta r - t :  " S p e e d  L i n i i t  58" s i g n  
End:  Z TP p a s t  MP-6 

Road Surface " s i qn 

### N o t e :  Nex t  s i t e  i m m e d i a t e l y  a h e a d !  

*53c* Road:  1ZW 
S p e e d :  58 mph 
War-ning : 5 TP befcar-e MFI-5 
Star - t :  MP-5 
End:  . 4  m i  w e s t / T P  6 t a p e  a t  gua r -d r -a i l  

( R d d i t  i o n a l  s i t e  d e l e t e d )  

*6 1 B* Road : 513s 
S p e e d :  45 rnph 
Wat;rting: 2 n d  "45 niph" s i g n  p a s t  service s t a t  icln 
S t  a r t  : 4TP & t a p e  f u r t h e r -  s a t . i f ;  h 
End :  TF' 6 t a p e  ctn l e f t  at b e g i n n i n g  o f  quar-dr -a i l  



*6ZB* Road: 513s 
Speed:  49 mph 
Warning:  TP & t a p e  on left a f t e r  pavement surface 

c h a n g e s  
Star t :  . c"  m i  TP & t a p e  
End: TP & t a p e  p a s t  MP-E 

### L e f t  o n t o  684 

*638* Road: 6164 
Speed:  45 niph 
Warning: 2nd "45 mph" s i g n  
Star t :  TP & t a p e  o n  left  
End: 2nd TP B t a p e  b e f o r e  MP-1 

### L e f t  t u r n  onto 5Z3  

*64b+ Road: 523 
Speed:  58 mph 
Warn i nq : MP-4 
S t a r t  : .2 m i  a t  TP & t a p e  
End: .4 m i  a t  TP & t a p e  

### R i g h t  onto 5 7 3 S B  and  t h e n  lef t  cmtct E v e r i t t s  Rd 
R i g h t  o n t o  31/2@2 

*65B* Road: S1/282 " 

Speed:  55 mph 
Warning:  TP & t a p e  across f r o m  Luggage O u t l e t  ( o n  l e f t )  
S ta r t :  "55 mph" s i g n  
End: TP R t a p e  n e a r  "Hidden  Driveway" s i g n  

4 

### R i g h t  t u r n  o n t o  173; S i t e  i m m e d i a t e l y  a h e a d  

*&C* Road: 173 
Speed:  45 mph 
Warning:  " E n t e r i n g  Ringctes" s i g n  
S t a r t :  TP & t a p e  a t  S c i e n t i f i c  I n s t r u e m e n t  Services 

End : "Reduced Speed  a h e a d  'I 5 i qn 
B ldg  

### Go s t r a i g h t  o n t o  31/573SE 

*67C* Road: 31/573 
Speed:  58 niph 
Warning:  "58 mph" s i g n  after- r o a d  n a r r o w s  t o  t w o  l a n e s  
S ta r t :  TP & t a p e  .2 m i  s o u t h  
End: "Cn ty  Rd 579" s i g n  

r 

### C o n t i n u e  o n  SlSB 

*Lac* Road: 31s' 
Speed:  58 mph 
Warning:  C n t y  Rd 612 n e a r  S t a g e  Depot 
S t a r t :  MP-18 

'End:  "Speed L i m i t  58" s i g n  



*,G3B* Road :  H u r - d  Rd 
S p e e d :  35 mph 
Warming :  a t  t h e  l e f t  'cur-n 
Star-t: B a c k  o f  s i g n  on l e f t  s i d e  
End :  2 TP p a s t  Y a r d  Rd 

# s f #  C o n t  i n u e  ctn Bur-d Rd & i t  b e c m i e s  Sccttch Rd 
R i g h t  t u r - n  z l n t o  546 (unmar-k.ed) at t r a f f i c  s i g n a l  
L e f t  t ur-rt orlt c t  23s 
N o t e :  s i t e  i n i m e d i a t e l y  a h e a d !  

* 7 8 C *  Ri:*ad: 2'3s 
S p e e d :  58 niph 
War-ning:  " N n  S t 1 ~ ~ p p i r i q / S t a r t d i r i ~ "  s i g n  S Lafayetcs 3v 
Star-t :  TP .& t a p e  . 2  m i  s o u t h  
End : TF' R tape . 4 m i  scout h 

##$.: F o l  l o w  signs to  1-35 NB 

( F l d d i t  i c t n a l  s i t e  d e l e t e d )  

#+k# E x i t  a t  S c i t t c h  Rd a n d  r e - e n t e r -  1-95 SE 

*73:E* Road :  1-355 
S p e e d :  55 mph 
War-ninq: "1-35" s i g n  s o u t h  of S c o t c h  Rd 
Star- t :  "55 . m p h / E n t e r - i n q  E w i n q "  s i g n s  
E n d :  T a p e  a n  s h o u l d e r -  near- i n l e t  

?$## N c l t e :  N e x t  s i t e  i r t i n i e d i a t e l y  ahead 

*73E* Road : 1-955 
S p e e d :  55 mph 
War-ninq: "55 niph" s i g n  s a u t h  a c l f  B e a r .  Tave r -n  R d  
Star - t :  T a p e  & p a i n t  on s h o u l d e r -  
E n d :  T a p e  R p a i n t  iori shcll-ilder- 
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N J  RGUTE/SGUTH 

Take 1-135 E a s t  fr-on1 T r - e r l t o n .  

*77E* Road:  I - 1 3 5 E ;  leftmost l a n e  
S p e e d  : 5 5 m p h  
War-n inq  : Rlf l i -c te  138 I n t e r - c h a n g e  
Star-t :  "NJ TPK 314 MILE" s i g n  
E n d :  " N J  TF'K KEEP RIGHT" s i g n  
N o t e :  W a t c h  fcw cars  e n t e r - i n g  f r v m  r - i q h t  

#%# E x i t  a t  R o b b i n s v i l l e / ~ l l e n t u w n  e x i t ,  tclwar-d F I l l e n t o w n ,  
R c e i i t e  526 E a s t .  R i g h t  t r i r -n  o n t u  524 W e s t ,  b e a r -  r i g h t  
a t  G i i  11 iam Penn g a s  s ta t  i c ~ r ~ .  

*768* Rclad: 5 Z 4 E  
S p e e d  : 4 5 m p h  
War-n ing  : T a p e  w e s t  of  Wctodys 
St a r t  : T a p e  past  Wh i pparlr ly  Dt-ive 
E n d :  Mer-r- ick Rd. 

*73c+ Ri:=lad: 13dS 
S p e s d  : 5 8 m p h  
W a r - n i n g :  T a p e  at. P S E R G  B l d g  S ctf D u n n s  M i l l  Rd. 
St  ar-t : MF-54 
E n d  : T a p e  on T P  

*d@C* Rclad: 13dS 
S p e e d  : 5121aiph 
W a r - n i n g :  4 t h  T e l e p h o n e  p o l e  p a s t  R o e b l i n g  s i q n /  

S t a r t :  2nd T e l  P s l e  Soi.tth 
E n d :  MP-51 

t r a f f i c  s i g n a l  - T a p e  

*a 1 F f r  Ri:iad: 138s 
S p e e d  : 51Zlmph 
War-n ing  : MP-S1Zl 
Star-t  : T a p e  a t  84 Lumber- si g n  
E n d :  Taoe at F l e e t  T:-uck S a l e s  



c 
*84F* Road: 1-235s 

Speed: SSmph 
W a r n i n g :  " W i l l i n g b o r a  - Mount H o l l y  E x i t  - 1 M i l e "  s i g n  
Start :  MP-46 
End:  T a p e  on s h o u l d e r  - .4 m i l e s  

*asp* Road: 1-293s 
S p e e d :  55mph 
W a r n i n g :  "295s" s i g n  s o u t h  b f  Rancocas Woods e x i t  
Start :  "55MPH" s i g n  & t a p e  on s h o u l d e r  
End:  Tape on s h o u l d e r  100' S cif MP-42 

### T a k e  e x i t  416 - R o u t e  38, p r o c e e d  w e s t  o n  38 a n d  make 
U- turn  a t  first t r a f f i c  s i g n a l  t o  g o  E on 38. 
Make U - t u r n  a t  G e t t y  G a s  S t a t i o n  t o  g o  W cln 38 

*CB€lP* Road: 3 8 W  
S p e e d :  58rnph 
W a r n i n g :  T a p e  w e s t  of M e d f o r d  s i g n  
Start :  T a p e  a f t e r  2 TP ( t e l e p h o n e  p o l e s )  
End: 2nd  TP w e s t  a t  MP-lS(E)  

### T a k e  r i g h t  o n t o  1-235 Sb 

*87P* Road : 1-235s 
S p e e d  : 55mph 
W a r n i n g :  "73, TPK, TP B r i d g e  1 m i l e "  s i g n  
Start :  b e g i n n i n g  of g u a r d r a i l  
End:  T a p e  cen s h o u l d e r  108' S of "73, TPK e tc . . ."  e x i t  

### T a k e  e x i t  fo r  7QEb 

*8BC* Road: 78E 
S p e e d  : Slarliph 
W a r n i n g :  S i g n  p o s t  o n  lef t ,  t a p e .  o n  r i g h t  
Star t :  MP-11 
End:  S e c o n d  "NO S t o p p i n g / S t a n d i n g "  s i g n  

### B e a r  r i g h t  o n t o  Marltan Piite at Sunccm station, 
t h e n  t a k e  i m m e d i a t e ,  f i r s t  r i g h t  o n t o  Old M a r l t o n  
Pike SB ( u n m a r k e d )  a t  "Harr iot ' s  O i l  Se rv ice"  s i g n  

*83E(* Road: O l d  M a r l t a n  P i k e  Sb 
S p e e d :  51a 
W a r n i n g :  4 t h  TP a f t e r  t u r n  
Start :  T a p e  on lef t  s i d e  of road at  d r i v e w a y  t i2  D e l i  
End : "Cur-ve 35MPH" s i g n  

r 

### T a k e  R i g h t  onto T u c k e r t o n  RD, t h e n  
l e f t  o n t o  E v a n s  Rd. ( j u g h a r i d l e ) ,  t h e n  
r i g h t  u n t o  B r i c k  R d .  and 
1 e f t  ortt ct 73SB (S I TE I MMED I QTELY RHEnD ) 



t. 

*'37P* Road:  73s 
S p e e d  : 58mph 
Warming:  "55 MPH" s i g n  af ter-  Evesham Rd. i n t e r - s e c t  i c 8 r - l  

S t a r t :  TP,  i n l e t  5- t a p e  
E n d :  TF', R v a n d a l e  H o m e s  s i g n  & t a p e  
N o t e :  M u s t  b e  lead c a r -  a t  this s i t e  

*38F'* Road:  73s 
S p e e d  : 50mph 
War-ning : MFI-2 1 
S t a r t :  "RC EXPWY" s i g n  
End :  " S i g n a l  H i l l "  s i g n ,  t a p e  

*3SB* Rciad: JlZlE 
S p e e d  : S8mph 
W a r n i n g :  B l u e  M i l e  M o t m t -  I n n  
S t a r t :  5 TP p a s t  m o t o r -  i n n ,  t a p e  
End:  TP past Far-m Mar-ket 

c 

( R d d i t  i o n a l  s i t e  d e l e t e d )  

### L e f t  conto P e r c n i n g t m i  Rd. a t  R l ' s  H i d e w a y  (or! l e f t )  
becomes Chew Rd. 

*18QB* Road:  Chew Rd. - 
S p e e d :  58 rnph 
Warming:  T a p e  an T P / l e f t  s i d e  
S t a r t :  2nd TP p a s t  w a r - n i n g / l e f t  s i d e  
End:  TP cm le f t  s i d e  

*l@lEC* Road:  Chew Rd. 
S p e e d  : 58mph 
Warwing:  3r.d TP p a s t  R R  t r - a c k . s ,  t a p e  
Star*t :  3 r d  TP SI 1st i n  c l e a r i n g  ( . E m i )  
End : TP nea r -  hcauses 

##+ Take l e f t  centti P8G NE 

( Fld d i t i cana 1 s i t e d e 1 e t e d  ) 

*1@3C* Road:  2d€N 
S p e e d  : 58mph 
War-n i nq  : " N o  S t opp i nq  " s i gn ,  t a p e  
S t a r t :  Diagr -aa la t  ic, cu r -ve  s i g n  
End : 2 TF' rtcwt h of MP-7 

r 
( G d d i t  i o n a l  s i t e  d e l e t e d )  



c '  
* 1 @SP* Road: 7BE 

S p e e d  : Sldmph 
Warning:  Back of "NO P a s s i n g "  s i g n ,  E of T r a f .  S i g .  a t  

Star t :  MP-21 
End: T a p e  a t  d r a i n  fur-row; X or1 p i n e  tree 

Hunt  i n g d o n  D r .  

* 1 86P* Road: 78E 
S p e e d :  58mph 
Warning:  S t o p  s i g n  on crossriad 
Star t :  B e g i n n i n g  o f  g u a r d r a i l  
End: MP-ZCJ 

### T a k e  72 EB - SITE IMMEDIRTELY RHERD 

* 1 88P* Road: 72E 
S p e e d :  58mph 
Warning:  "DO N o t  P i c k  Up H i t c h  H i k e r s "  s i g n ,  

Star t :  3 TP p a s t  P i z z a  S h o p  a b o u t  1/2 mile f r c t m  c i rc le  
End : MP-1 

. n e w  State school 

### Make U t u r n  a t  Mayo's  H a l f w a y  House  a n d  pr-oceed or1 7 2  WE 

*189b* Road: 7 2 W  
S p e e d :  58mph 
Warning:  N e w  L i s b o n  Development  s i g n  
Star t :  MP-1 
End: TP i n  f r o n t  o f  p i z z a  s h o p  

### F l t  circle, t a k e  s e c o n d  r i g h t  o n t o  644 ( u n m a r k e d ) .  N o t e  
s i g n s  f u r  Taccmy/Bur 1 i ng t on-Br i st o 1 B r  i d  y e s  

*llWb* Road : 644 (unmar-ked 1 
S p e e d :  58 niph 
Warning:  TP on left  s i d e  
S t a r t :  "58MPH" s i g n  
End: S i g n  p o s t  o n  l e f t  s i d e ,  a b o u t  . 5  m i l e s  

( a d d i t i o n a l  s i t e  d e l e t e d )  

### B e a r  l e f t  o n t o  538 WE 

* l l l E *  Road: 5 3 8 W  
S p e e d  : 58mph 
Warning  : G u l f  S ta t  i o n  
Star-t : P o l e  a t  C r e s c e n t  H e i g h t s  P r o f e s s i o n a l  E l d g .  
Errd; TP p a s t  T r i l c o  C i t y  b u s  s t o p  

### S t a y  o n  538/38, t h e n  t u r n  r i g h t  o n t o  ZQGN and 
r i g h t  a g a i n  o n t o  537 



t '  

### T a k e  l e f t  orlto 6 8 W  

*11sp* i3i:lad: 6dW 
S p e e d  : 55mph 
War-ning : MP-3 
S t a r t :  "No L i t t e r - "  s i g n  
End : TP w i t h t r-arts f clr-mer- 

* 1 13P* Road: C8W 
S p e e d  : 55mph 
Warming:  T a p e  on s h o u l d e r -  - o p p o s i t e  far-rli I - l n  l e f t  
Star-t : T a p e  on s h o u l d e r *  . j u s t  befcor-e farm On r - i g n t  

End:  Tape on s h o u l d e r -  w e s t  of PlF-6 ( .  15rni) 
a t  an in le t  

*114P* RI:iad: 6 8 E  
S p e e d :  55rnph 
Warming:  TP a t  i n t e r - s e c t  i o n  
Start: MP-5 
End:  T a p e  o n  s h o u l d e r -  a t  inter-sect iorl 

#%# Take r i g h t  o n t o  537 a n d  t h e n  . r i g h t  azntn 2lZlGN 

*115c* Road:  286N 
S p e e d  : Slamph 
W a r m  i n q  : MP-26 
S t a r t :  1st p o l e  n o r - t h ;  s i g n  g r - a p h i c s  
End:  TP befor- E r - i c k  Cul 1 i s i o n  C e n t e r -  

* 1 1 6 C ~  Road:  266N 
S p e e d  : 5Dmph 
W ar-n i rl g : 
S t a r t :  Fclle . Z  mile nclr-th 
End:  4 t h  TP S of MP-31L7 

" Nor-t h Z:86 " s i g rt / Co 1 urti b 1.1 s f 114 cod i l ls  r- k. ~l t 

*117F* Rl:iad : 1-235N 
S p e e d  : 55mph 
War-n i nq  : 
S t a r t  : M F S 6  
End:  "Fr-eeway E n d s  158B F t .  Flhead" s i g n  

### Reti i t -n  t:t NJDGT 
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Appendix 6 .  
Panel Instructions 

Purpose: 

.- 
. -  

HIGBWAY IMPRWEMZNT STUDY 

To survey typical  MG d r i  
what t h e y  t h i n k  of the qua 
by t h e  roads i n  t h e  S t a t e ,  
i n f o r m a t i o n  t o  h e l p  d e c i d e  
improve f i r s t  wi th  t h e  l i m  
m a k e  highway improvements , 

vers i n  o r d e r  to d e t e r m i n e  
l i t y  of t be  r i d e  p r o v i d e 6  

. ‘ N J D O T  will use t h i s  
which r o a d s  t h e y  should 

i t e d  funss avai lable  t o  

O b j e c t  of t h e  Study: 

We a r e  going t o  d r i v e  you o v e r  a number of roaes 
which w e  b e l i e v e  a r e  r e p r e s e n t a t i v e  of the  roads as 
t h e y  e x i s t  th roughout  t he  S t a t e .  
you t o  make two judgments  c o n c e r n i n g  each road. 
F i r s t ,  w e  want you t o  r a t e  t h e  roughness  o r  
smoothness  of t h e  r i de  provided  by each  road  on a 
s c a l e  of 0 t o  5 ,  and second,  we want you t o  indicate 
whether  o r  n o t  you t h i n k  an e f f o r t  shoal& he ma& ta 
improve t h e  ride quality of each maZ, 

We will t h e n  ask  

MAKING YOUR RATINGS OF RIDE QUALITY 

(A f a c s i m i l e  of t h e  r a t i n g  s c a l e  was shown t o  the s u b j e c t s  f o r  
t h i s  s e c t i o n )  , 

The firs’; t h i n g  w e  wan t  you t o  c o 6 s i d e r  as you d r i v e  down 
a road is t h e  roughness  or smoothness of t h e  r i de  provided by the 
road  and then  t o  r a t e  i t  on t h i s  s c a l e  ( i l l u s t r a t e d )  w h i c h  r a n g e s  
from 0 t o  5 .  
mark a c r o s s  t h e  v e r t i c a l  l i n e  of t h e  s c a l e  a t  the  place w h i c h  you 
t h i n k  b e s t  d e s c r i b e s  t h e  r ide  provided  by each road, 

You w i l l  i n d i c a t e  your r a t i n g  by p l a c i n g  a small 

- - . _. . - 
DEFINITIONS OF ENDPOINTS 

All r o a d s  which you d r i v e  over i n  t h i s  s u r v e y  will be 
between two ex t r emes ,  
p e r f e c t .  

?Sat  is, somewhere between impassable and  

Impassable:  A road  which i s  so bad t h a t  you doubt t h a t  you or t h e  
car w i l l  make i t  t o  t h e  end a t  t h e  speed you a r e  
t r a v e l l i n g - - l i k e  d r i v i n g  down rai l road t racks along 
t h e  t i e s .  

P e r f e c t :  A road w h i c h  is so saooth that a t  t h e  speed  you a r e  
t r a v e l l i n g  you would ha rd ly  know t h e  road was t h e r e .  
You doub t  t h a t  i f  so3eone male t h e  s u r f a c e  smoother 
that the r i c e  would b e  d e t e c t a b l y  nicer. 



Since  these  roses gzobebly do n o t  e x i s t  you will Z r o S z b l y  
n o t  cons ide r  any road  to be worse *&an impassable  or Setre: 'Aan 
p e r f e c t  . 

I n  o rde r  t o  help you make your r a t i n g ,  we have included a 
number of words along the  s c a l e  wh ich  could  be used  t o  descriDe 
how t h e  r i d i n g  s e n s a t i o n  seems t o  you. For example, i f  you 
should encounter  a road f o r  which  you could describe the ride as 
F A I R  b u t  n o t  q u i t e  good, place your m a k r  j u s t  below t h e  line 
labeled "3" ( i l l u s t r a t e d ) .  On the other hand, if you think t h e  
n e x t  road is still f a i r ,  b u t  somewhat worse than the p r e v i o u s  
road,  p l a c e  your mark a t  a p o i n t  which you t h i n k  is t h e  
a p p r o p r i a t e  dis tance down i n  t h e  PAIR ca tegory .  To i n d i c a t e  
s m a l l  d i f f e r e n c e s  between t h e  r i d e  q u a l i t y  provided  by t h e  t o a d s ,  
you may p l a c e  your  m a r k  anywhere you l i k e  a long  t h e  scale. 

NOTE : We are n o t  ask ing  you t o  p l a c e  r c a d s  into one of 
f i v e  c a t e g o r i e s !  You should u s e  small 
d i f f e r e n c e s  i n  t h e  p o s i t i o n  of your marks ta 
i n d i c a t e  . s m a l l  d i f f e r e n c e s  between t h e  rSGe 
quality provideB by t h e  roads.  You m y  ?lace 
your m a r k  anywhere you l i k e  along the scale. 

INDICATING TEE NEED FOR THZ IMPROVEMENT 

After you have made your r a t i n g  of t h e  degree of r ide 
q d a l i t y  provided by any p a r t i c u l a r  road; we want you to check t h e  
a p p r o p r i a t e  box a l o n g s i d e  the r a t i n g  scale t o  i n d i c a t e  w h e t h e r  or 
n o t  you t h i n k  t h e  State  should improve t h e  ride q u a l i t y  of t h e  
road.  

When making t h i s  d e c i s i o n  you should t a k e  i n t o  a c c o u n t  t h e  
f a c t  t h a t  s ince  t h e  S ta t e  only has a c e r t a i n ,  f i x e d  amount of 
money each year  t o  m a k e  road improvements, it must determine 
which roads snould be improved f i r s t .  The re fo re ,  before d e c i d i n g  
on t h e  need f o r  improvement, you should no t  on ly  c o n s i d e r  how 
rough a r i d e  is provided  by each road ,  b u t  whether you feel t h e  
road is important  enough t o  be p laced  high on t h e  S t a t e ' s  list of 
roads  needing improvement. For example, you may r ide across t w o  
roads which g i v e  i d e n t i c a l l y  rough r i d e s  b u t ,  i f  you had your 
cho ice ,  you would r a t h e r  see only one of them improved because 
t h e  type o r  c h a r a c t e r  of t h a t  road seems t o  you t o  m a k e  it more 
worthy of improvement, 

PROCSDURE FOR SURVEY 

o For t h i s  survey we are going t o  a s k  you t o  e v a l u a t e  
70 road s e c t i o n s .  



Panel I n s t r u c t  ions <continued> 

NOTE: You w i l l s  be r a t i n g  a n  e n t i r e  r o a d  for its 
r ide q u a l i t y .  
tes t  s e c t i o n s  t o  r e p r e s e n t  each road.  
t h e s e  s e c t i o n s  t h a t  w e  want you to r a t e  f o r  r i d e  
q u a l i t y  

W e  have c a r e f u l l y  s e l e c t e d  small 
It  is 

o As you approach each s e c t i o n ,  t h e  driver will caLl  
out  t h e  number of t h e  s e c t i o n .  
p rope r  numbered form, 

B e  sure yotr h a v e  the 

o When t h e  dr iver  says START, begin  c o n c e n t r a t i n g  on 
what the r a t i n g  of r i d e  c rua l i ty  should be, based on 
how the r i d e  feels t o  you. 

o I t  w i l l  o n l y  t a k e  about  30 seconds  t o ' d r i v e  over e a c h  
s e c t i o n ,  so main ta in  your c o n c e n t r a t i o n  until t h e  
d r i v e r  s a y s  STOP. 
m a r k  on the scale, 

A t  t h a t  p o i n t ,  place your r a t i n g  

o Next, wh i l e  t ak inq  i n t o  accoun t  boL2 the rouqhness 0 f  
t5e r i d e  throuoh t h e  r e p r e s e n t a t i v e  t i s c  s e c t i o z ,  es 
w e l l  a s  t h e  n a t u r e  and t y p e  of the e n t i r e  road, 
i n d i c a t e  whether o r  n o t  you t h i n k  the ride quality 
needs t o  be improved by checking  t h e  a p p r o p r i a t e  box 
n e x t  t o  t h e  r a t i n g  s c a l e .  

o Since some s e c t i o n s  a r e  o n l y  3-4  m i n u t e s  apa r t ,  make 
your  d e c i s i o n s  q u i c k l y  and p a s s  your forms to t he  
person  s i t t i n g  i n  t h e  f r o n t  r i g h t  s e a t .  

o T h i s  procedure  will be r epea ted  for each s i te ,  

o We w i l l  be d r i v i n g  over  a prede te rmined  c o c r s e  i n  aa 
o r d i n a r y  passenger  car, 
the f i r s t  day and 5 hours  t h e  second. 

The t r i p  w i l l  t a k e  6 h o u r s  

SPECIAL INSTRUCTIONS 

o When making your r a t i n g  of r ide  qua l i ty ,  do not 
c o n s i d e r  any of t h e  road b e f o r e  or a f t e r  a test 
s e c t i o n .  
small  s e c t i o n  of road. 

- 
We a r e  on ly  i n t e r e s t e d  i n  a r a t i n g  f o r  a 

o When making your d e c i s i o n  conce rn ing  the need foz 
improvements, assume t h a t  t h e  r ide  p rov ided  by t h e  
e n t i r e  road is t h e  same as  t h a t  f o r  t h e  t e s t  seczion. 

0 Concen t ra t e  on ly  on t h e  r i de  c u a l i t y  p r o v i d e d  by the 
roads .  Don't l e t  t h e  appearance of the road surface 
i n f l u e n c e  your r a t i n g s .  
feels: 

Judqe o n l y  how the r o a 5  



c 

Pane L I r s t  r u c t  ions (cant i nuec i 

0 Don't be dis tracte2  by conversations i n  the c u  cr by 
pretty scenery. 

0 Don't reveal your rat ings  to the other r a t e r s ,  There 
is no right  or wrong answer, so don't 'cheat'. Tu'e 
are interested only in your opinion which is as v a l i d  
as anyone else's. 

. .  

o Be critical about t h e  ride quality provided by t h e  
roads, If  they are  not absolutely perLCect a s  far as  
you are concerned, be sure to g i v e  it a rating on the 
scale which you t h i n k  best r e f l e c t s  t h e  diminished 
quality of the  r ide ,  

Be  aware that  there are many ways that  the r i d e  c o u l d  
be considered l e s s  than PERFECT. The toad cou lC  

a) be s o  bumpy that  i t  r a t t l e s  your  bones and makes 
your t e e t h  chatter,  

. .  
o 

b) have bumps or undalzticns t b c t  G a k e s  tke czz 
heave ug an6 down as i f  it was a roller c o a s t e z ,  
or 

c )  have other  imperfections in the surface which 
you think detract from the ride quality, 
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Appendix 7 
N E \ ~ J E X S E F  DEPARTMENT OF TRAYSPO RTATION 

FROM Ricardo T. Barros I MEMORANDUM 
TO Memorandumn of Record 

SUBJECT Analysis Of 1986 NJDOT DATE 10/30/86 TELEPHONE NO. 5-3606 Pavement Roughness Survey 

A panel study investigating user opinion of pavement 
roughness was conducted in July, 1985, by the Research Division as 
part of the Pavement Management effort. This study constituted 
one part of a larger effort, a national investigation sponsored by 
the FHWA designated NCHRP 1 - 2 3 .  The NJDOT panel study directly 
paralleled a previous effort by the Department and readers are 
referred to that report ("Analysis of Pavement Roughness 3ating 
Results", Barros, 2 / 2 7 / 8 6 )  for more detailed background 
information. 

In this 1986 study, 18 panelists evaluated 2 0  bituminous, 
25  concrete, and 18 composite pavement sections for roughness of 
ride. Each of these sites was also measured with a Mays Meter and 
a prof ilometer . 

T h e  two principal objectives of this study were to: 

1) Calibrate user opinion with measurements made by a 
mechanical device; and 

2 )  to estimate the terminal serviceability levels 
with respect to user opinion of pavement 
roughness. 

Preliminary insights into the above objectives had been provided 
by the Department's 1 9 8 5  study. It was a goal of this stuc2.y to 
confirm and better estimate the previous findings. 

PSR-Mays Relationship 

A nonlinear regression model relating the present 
serviceability rating i3Si3) with Mays Meter roughfiess measurements 
was estimated. This model was of the form: 

PSR = 5 . 0  * epl*LmYsP2 

The pl and p 2  coefficients were estimated separately for 
each of the three pavernent types, bituminous ( X I ,  concrete ( 2 C ) ,  
and composite ( C O ) .  Confidence intervals for the three terms thus 
produced overlapped, failing to support the hypoihesis that the 
three relationships were distinct. This finding, plus the 
practical observation rhat the three individual relationships were 
practically indistingcishable, lead to the conclusion that cne 
?Si?-.G.YS relztionship adequately models cser c 2 i n i o n  for a l l  
pavement types. 



? o c l i n 9  the data together produced the model shown in 
Figure 1. "is model estiinates the regression coefficients to 3e 
(31=-0.038 and p2=0.557 and agrees very closely with the 1985 
relationshi?. Because this 1986 study afforded a grearer sample 
size, these results are thought to be more precise and should 
supercede the 1985 estimated relationship. 

Terminal Serviceability 

A logit analysis was performed regressing the proportion 
of raters indicating pavement rehabilitation was required against 
the Mays roughness value fo r  each section. This analysis 
indicated that RC and CO pavements were perceived without 
disticcticn, bclt that ijC pavements were perceived differently. 
This difference was statistically significant at the 0.01 level 
of risk. These estimated relationships are presented in Figure 
2. 

The relative position of the RC and BC curves in Figure 2 
was unexpected. This data indicates that users are more critical 
of RC roughnesses than 9C roughnesses, a finding contrary to 
prior assumprions. A check of the data failed to detect any 
obvious irregularities and also that, in the 1985 study, this 
same relativo, positioning was present. Thus, because of 
apparently error-free data and the independent confirmation, the 
two distinct curves of Figure 2 were accepted. 

The proportion of raters calling for a pavement's 
rehabilitatizn is estimated by the following model. 

where: PO = -3.08 

Pl = 0.010 for RC and CO pavements, 
and 

pl = 0.009 for BC pavements. 

The 1985 loqit analysis was based on a substantially smaller 
sample size and asked a subtly different question than that posed 
in the 1986 study. (Adequacy of ride was asked rather than 
inadequacy.) Consequently, the logit models were not compared 
between the two years. 

Terminal serviceability is conventionally defined to be that 
roughness for which 5 0  percent of the raters find the ride 
objectionable. Terminal Mays values were found to be 172 inches 
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per mile for 3 C  an6 CO, and. 246 inches per mile f o r  BC pavemezcs. 
Substitution cf these values into the PSR-,MAYS relationship 
identifies the terminal serviceability levels to be 2.6 and 1.9 
PSR, respectively. 

Profilometer Data 

Profilometer data, linearly scaled, agreed so closely 
with Mays Meter measurements that it provided no additional 
insights. A plot of the Profilometer vs. Mays relationship is 
presented in Figure 3 .  Although a parabolic model may be more 
appropriate, a straight line fit produces an R-Square value of 
0.93. Analysis of the Profilometer vs. TSR relationships also 
failed to distinguish a difference between pavement types. 

Summarv and Conclusions 
The 1986 N J D O T  pavement rating survey produced. three 

Analysis of the Mays and. PSR data 
measures of pavement roughness: a PSR value, a Mays Meter value, 
and a profilometer value. 
produced very similar results to those observed in the 1985 NZDOT 
survey. As before, one PSR-MAYS relationship is thought to be 
sufficient for all pavement types. Logit analyses indicate that 
users are more tolerant of BC pavement roughnesses than those of 
RC and CO. This finding is supported by both the 1985 and the 
1986 studies. Terminal serviceability levels a re  1.9 PSR for BC 
pavements and 2 . 6  PSR for RC and CO pavements. Profilometer 
measurements were observed to be virtually a linear translation 
of the Mays Meter measurements and did not contribute additional 
information. 

- 
Ricardo T. Barros 


