State of Florida
Department of Transportation

Flexible Pavement Smoothness Acceptance Report
International Roughness Index Edition

FDOT Office
State Materials Office

iii‘ Research Report Number
FL/DOT/SMO/11-546

Authors

Charles Holzschuher
Stacy Scott

Kyle Kroodsma

Date of Publication
September 2011




PAGE

LEFT

BLANK



This report is a result of the dedicated effort and contribution by the following individuals:

Gregory Beckner
William Bryant
Charles Holzschuher
Kyle Kroodsma
Melissa Lira
Alexander Mraz
Glenn Salvo

John Schiffermuller
Stacy Scott

To access the electronic copy of this and other reports, please follow the steps below:
1) Logon to the State Materials Office's website, located at the following URL:
http://www.dot.state.fl.us/statematerialsoffice
2) Under Most Requested , select Research Reports

** Title 23, U.S.C., Section 409, provides that this information provided to you is not subject
to discovery nor is it admissible into evidence.



PAGE

LEFT

BLANK



Table of Contents

LIST OF FIGQUIES ..ottt ettt e e e e e e e e e e e e e e e e e e et e e e e s e reeeeeeas v
(TS Ao 1= o] = vii
EXECULIVE SUMIMIAIY ...tititiiiiiiiiitiiiteiiititt et £ e e s e e e nnenneennee 1
TaT a0 18 o110} o 1SR OPRN

(@] o 1Y=T V= 1 (o] 1 1P PTPPOPRR 7
Statewide RI0E STALISHICS ....ccvuniiiiiii ettt e e e et e e et e e e e ate e e e ee e e eeenes 9
(DS Aot A I o (SIS = L) ([ 19
(DS (ot A o (ST = L) (o2 O 25
DiStriCt 3 RIE STALISTICS Luvvuiiieiiiieiiiiiii et e e e et s e e e e e e e e ettt e e e eeeeeestaba e e eeesesesssbaranseaeeeeens 31
DS (o A Lo LI = L) (o 37
(DI Aot Rl R0 (SIS = L) ([ 43
DS (T ST Lo (SRS = L) o 49
(DS { ot A o (SIS = L1 [0 O 55
Appendix - A: Ride Number REPOIT SUMIMAIY ........coiiiiiiiiiiiiiiiiieee e Al
Appendix - B: CUStOMEr SErViCe FOIM ... Bl



PAGE

LEFT

BLANK



[ =2
Hokom\lmm.bwwl—\Lo

[ S G T S
o U W N

List of Figures

Page
Statewide Ride DIStriDULION .......coooiii e e e e e e e e eeeees 9
Statewide Ride Distribution by Friction Course and SyStem ..., 10
District 1 Ride DiISTIDULION ....ueuieii e eeee e e 19
District 1 Ride Distribution by Friction Course and SYSem .........cccccooiiiiiiiiiiiiieieee e 20
District 2 Ride DiIStIDULION ......uenii e e e e e 25
District 2 Ride Distribution by Friction Course and SYStem .........ccccovvveiiiiiiiiiiee e 26
District 3 Ride DiISTIDULION ......uet e eeee e e 31
District 3 Ride Distribution by Friction Course and SYSem ..........ccccoeiiiiiiiiiiiiieeee e 32
District 4 Ride DIStrIDULION .........u e 37
District 4 Ride Distribution by Friction Course and SYStem ..........cccccoiiiiiiiiiiiiieiee e 38
District 5 Ride DIStrIDULION .........u s 43
District 5 Ride Distribution by Friction Course and SYStem ..........cccccoioiiiiiiiiiiiiieee e 44
District 6 Ride DIStrIDULION ..........u s 49
District 6 Ride Distribution by Friction Course and SYStem .........ccccoovveiiiiviiiiiiiie e 50
District 7 Ride DiISTIDULION ......uenii et e e e e e e e 55
District 7 Ride Distribution by Friction Course and SYSem .........cccccoeiiiiiiiiiiiinaiiieeieee e 56



PAGE

LEFT

BLANK



SIS

~ W

10
11

12
13

14
15

16
17

18
19

20
21

22
23

24
25

26
27

28

List of Tables

Page
Statewide Statistical Summary by Friction Course, System, Year, and Aggregate .................. 11
Statewide Statistical Summary by Friction Course, System, Aggregate, and Material

TranSTEr DEVICE SEALUS ......uuuuuuiriiiitiiiiiiiiiiiiiiiie s s e 13
Statewide Statistical Summary by Friction Course, System, Aggregate, and Paving Time ..... 14
Lane Miles Tested Per District by Friction Course and SyStem ..........ccccccvvviviiiiiiiiiiiieiieieieeee 15
Statewide Statistical Summary by Contractor, Friction Course, Aggregate, and Material

TranSfer DEVICE STALUS ......coiiiiiiiii ettt e e e e e e e e e e e e e e e e aeennn s 16
District 1 Statistical Summary by Friction Course, System, Year, and Aggregate ................... 21
District 1 Statistical Summary by Friction Course, System, Aggregate, and Material

TranSfer DEVICE STATUS ......coiiiiiiiii it e e e e e e e et e e e e e e e e aneenn s 22
District 1 Statistical Summary by Friction Course, System, Aggregate, and Paving Time ....... 23
District 1 Statistical Summary by Contractor, Friction Course, Aggregate, and Material

TranSfer DEVICE STALUS ......coiiiiiiiii e e e e e e e e e e e e e et e eeaeeaeaeannn s 24
District 2 Statistical Summary by Friction Course, System, Year, and Aggregate ................... 27
District 2 Statistical Summary by Friction Course, System, Aggregate, and Material

TranSfer DEVICE STALUS ......coiiiiiiiii it e e e e e e e e e e e e e et e eeaeeaeaeaaan s 28
District 2 Statistical Summary by Friction Course, System, Aggregate, and Paving Time ....... 29
District 2 Statistical Summary by Contractor, Friction Course, Aggregate, and Material

TranSTEr DEVICE STALUS ........iiiiiiii it e e e e e e e e e e et e e e e bt eeeebbaeeeens 30
District 3 Statistical Summary by Friction Course, System, Year, and Aggregate ................... 33
District 3 Statistical Summary by Friction Course, System, Aggregate, and Material

TranSfer DEVICE STATUS ......ciiiiiiiiiii ittt e e e e e e e e et e e e e e e e e eeeeenn s 34
District 3 Statistical Summary by Friction Course, System, Aggregate, and Paving Time ....... 35
District 3 Statistical Summary by Contractor, Friction Course, Aggregate, and Material

TranSfer DEVICE STALUS ......ceiiiiiiiiiiie et e e e e e e e e e e et e e e e e e e e eeenenn s 36
District 4 Statistical Summary by Friction Course, System, Year, and Aggregate ................... 39
District 4 Statistical Summary by Friction Course, System, Aggregate, and Material

TranSTEr DEVICE STALUS ......ciiiiieiiii e e e e e e e e e e e e e e e e e e e e et e e e e e eeeaesnennas 40
District 4 Statistical Summary by Friction Course, System, Aggregate, and Paving Time ....... 41
District 4 Statistical Summary by Contractor, Friction Course, Aggregate, and Material

TranSTEr DEVICE STALUS ......coiiiiiiiii e e e e e e e e e e e e e e e e e e e et e e e e e eaeaeanan s 42
District 5 Statistical Summary by Friction Course, System, Year, and Aggregate ................... 45
District 5 Statistical Summary by Friction Course, System, Aggregate, and Material

TranSfer DEVICE STALUS ......coiiiiiiiii ittt e e e e e e e e et e e e eeeeeaeeennn s 46
District 5 Statistical Summary by Friction Course, System, Aggregate, and Paving Time 47
District 5 Statistical Summary by Contractor, Friction Course, Aggregate, and Material

TranSfer DEVICE STATUS ......coeiiiiiiiii ettt e e e e e e e et e e e e e e e e aeennnn s 48
District 6 Statistical Summary by Friction Course, System, Year, and Aggregate ................... 51
District 6 Statistical Summary by Friction Course, System, Aggregate, and Material

TranSTEr DEVICE STALUS .....ceiiiiiiiiiiiiiiiiiiieiiee ettt bbbt s s st eesss s e esssbesbsbnnbnnnnnnne 52
District 6 Statistical Summary by Friction Course, System, Aggregate, and Paving Time ....... 53

Vii



29

30
31

32
33

District 6 Statistical Summary by Contractor, Friction Course, Aggregate, and Material

TranNSTEr DEVICE STALUS .....uuveiiiiiieiitiiiiiiiiiiiiiiiiib s 54
District 7 Statistical Summary by Friction Course, System, Year, and Aggregate ................... 54
District 7 Statistical Summary by Friction Course, System, Aggregate, and Material

TranSTEr DEVICE STALUS .......viiiiiiiiiieiiiieiiiiei ettt e ettt ettt ettt et et e e e e e eeeteeaebeebeseeseees 54
District 7 Statistical Summary by Friction Course, System, Aggregate, and Paving Time ....... 54
District 7 Statistical Summary by Contractor, Friction Course, Aggregate, and Material

TranSTEr DEVICE STALUS .......iiiiiiiiiiieiiiieiiiiieee ettt et ettt ettt et e e e e eeeeteeaeeeebesneseees 54

viii



The traveling public wants smooth, safe, and long lasting pavements. Initial pavement smoothness
has been shown to improve the overall pavement performance. The Florida Department of
Transportation (FDOT) has developed smoothness specifications for the acceptance of asphalt
pavements on high-speed facilities that incorporate smoothness results obtained using high-speed
inertial profilers.

This report is a synthesis of statewide project smoothness data collected from January 2005
through December 2010, including more than 7,900 miles and 81,000 lots. It provides the end user
with basic statistics on the Ride quality of projects tested for Ride Acceptance (RA). The data
analyzed herein consists of all lots greater than or equal to 0.01 mile and less than or equal to 0.1
mile in length.

This report expresses ride quality using International Roughness Index (IRI). This index was
chosen to be used in future versions of FDOT's smoothness specifications because it is not
influenced by differences in texture. Currently, FDOT's smoothness specifications use Ride
Number (RN) to indicate the level of smoothness present on newly placed asphalt pavements. RN,
however, is greatly influenced by differences in texture, especially dense graded versus open
graded pavements.

** Title 23, U.S.C., Section 409, provides that this information provided to you is not subject
to discovery nor is it admissible into evidence.
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According to National Cooperative Highway Research Program (NCHRP) project 1-31, conducted
between February 1994 and December 1996 and published as NCHRP Web Document 1,
"Smoothness Specifications for Pavements,” the importance of pavement smoothness to the
traveling public is undisputed. Smooth-riding pavements provide comfort, allow more efficient
movement of vehicles over the roadway, raise optimum travel speeds, maintain traffic flow, reduce
safety hazards to users and their vehicles, and may increase fuel efficiency, leading to lower
traveling costs to roadway users. Pavement smoothness also imparts a positive reflection on the
construction and maintanance proficiency of the owner agency, be it a state agency, city, county, or
toll authority. In addition, American Association of State Highway and Transportation Officials
(AASHTO) pavement design models suggest that initially smooth pavements last longer than
initially rough pavements, though this has been never confirmed through long-term field
investigation (AASHTO design equations are based on only 2 years of performance data).

FDOT RIDE QUALITY

Ride quality has been used by FDOT for evaluating new construction, overlay projects, special ride
quality evaluations used for informational purposes, and for monitoring long-term pavement
performance at the network level. To measure pavement ride quality, automated or manual
methods can be used to measure roadway profiles from which a roughness value is calculated.
Most states, including Florida, use high-speed inertial profilers to measure smoothness. The
commonly used measures of roughness (or smoothness) are the International Roughness Index
(IRl) and Ride Number (RN). Since 1998, FDOT has been using the RN for project level
acceptance and evaluation in accordance with American Society for Testing and Materials (ASTM)
E1489.

The FDOT has worked very closely with the Federal Highway Administration (FHWA) and the
construction industry to improve pavement smoothness on Florida's state highways. To this end, a
smoothness task team was created with representatives from FDOT, FHWA, and the paving
industry to develop and implement non-contact profiler based smoothness specifications.
Sub-article 330-12.4.6 of the FDOT Standard Specifications sets the requirements for Acceptance
Testing for Pavement Smoothness by Laser Profiler.



RIDE QUALITY EVALUATION PROCESS

The Pavement Condition Unit of the State Materials (SMO) is responsible for conducting
smoothness evaluation using an high-speed inertial laser profiler. Florida Test Method Fm 5-549,
"Laser Profiler Roughness Evaluation,” provides the method by which a pavement section is
evaluated for smoothness using the longitudinal profiles recorded from each wheel path using as
inertial profiler test vehicle.

The test vehicle is driven along the wheel paths of the pavement section to be evaluated and uses
a system of three laser sensors and two accelerometers mounted in the front bumper of a full-size
van. One laser is mounted in front of each tire to measure the longitudinal profile in the left and
right wheel paths of the traveled surface. These 32 kHz lasers measure the vertical distance
between the sensor and the pavement surface at a rate of 30 readings per inch as the vehicle
travels at 60 mph. An accelerometer is mounted atop each of these two lasers to isolate the
vehicle's vertical motion and thus provide a "zero" reference plane. The third laser, mounted
equidistant from the two wheel path lasers, provides a height reading from which to calculate rut
depth in ech wheel path. The vehicle's data acquisition system uses the accelerometer data to
provide a correction to the laser data, eliminating the effects of vehicle movement, and uses a
Distance Measuring Instrument (DMI) connected to the vehicle transmission or axle to record the
longitudinal distance traveled to summarize the corrected laser data into approximately 1 inch
intervals. The exact interval is a function of each individual vehicle's DMI calibration settings.
These summary values are then post-processed into exactly 6 inch intervals to generate a
longitudinal profile for each wheel path as well as a combined value for both wheel paths, and an
average rut depth.

The laser profilers currently in use by FDOT are manufactured by International Cybernetics
Corporation (ICC) of Largo, Florida. All of these profilers are owned by FDOT with the exception of
one unit that is provided through a contract with Applied Research Associates, Inc. (ARA).
Currently, this profiler is the primary unit used by the SMO for the collection of project level
smoothness data.

District project personnel may submit all requests for pavement evaluation using online request
forms available at the SMQO's website:

Intranet: http://materials.dot.state.fl.us/smo/pavement/pavementhome.htm
Internet: http://www.dot.state.fl.us/statematerialsoffice/pavement/index.shtm




WHAT IS THE INTERNATIONAL ROUGHNESS INDEX?

In "Guidelines for Conducting and Calibrating Road Roughness Measurements,"” published by the
World Bank in 1986 as Technical Paper 46, International Roughness Index (IRI) is defined as a
mathematical transform (a property) of a true profile describing surface roughness that causes
vehicle vibration.

The underlying IRI model is a series of differential equations that relate the motions of a simulated
quarter-car to a road profile. The IRI is computed as a linear accumulation of the simulated
suspension motion, normalized by the length of the profile. IRI therefore has units of slope, typically
“in/mi" or "m/km", and is computed from a single longitudinal wheel path profile. It has a
demonstrated strong compatibility with the equipment used to develop pavement management
systems. IRl is sensitive to wavelengths between 4 and 100 feet and is most sensitive to
wavelengths of 7 and 50 feet.

All data is analyzed according to ASTM E1926, "Standard Practice for Computing International
Roughness Index of Roads from Longitudinal Profile Measurements”.
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Many roadway characteristics and construction practices are being monitored and included in the
FDOT's smoothness database. Some of these have proven to be significant contributors to the ride
quality of the pavements tested, and some factors have not been so valuable. Below is a summary
list of key variables being monitored with a brief explanation of their effect on pavement
smoothness.

=  Average Annual Daily Traffic (AADT) - Analysis on Interstate pavements has shown that
150,000 AADT or greater exhibit higher average IRIs.

=  Material Transfer Device (MTD) Usage - Data shows that pavements placed using this
equipment are typically smoother. When the MTD was used on the entire project, the
average IRl is 45, versus 55 IRl when the MTD was not used at all. MTD usage on the
Interstate system yielded even more benefit: 41 IRl with full-project MTD usage versus 55
for Interstate projects where the MTD was not used at all.

= Aggregate Type - Based on summary data from Florida projects, smooth pavements can be
constructed regardless of the aggregate type used. However, on average, pavements using
Granite aggregate in friction courses are smoother. Granite pavements have an average
IRl of 48, compared to an IRI of 56 for Limestone pavements.

= Data by Year - Pavements placed in 2005 averaged 54 IRI, and have consistently improved
slightly each year. Pavements placed in 2010 averaged 48 IRI.

= Binder Type - No significant difference was found when comparing the smoothness of
pavements using polymer-modified binders in the friction course to pavements using other
types of binders.

=  Paving Time - No significant difference was found when comparing the smoothness of
pavements placed at Night to those placed during the Day.

=  System - No significant difference was found when comparing the smoothness of Primary
and Interstate systems.

= Surface Type - No significant difference was found when comparing the smoothness of
pavements with open-graded friction courses and dense-graded friction courses.

In addition to these factors, there are many other variables that the data can be subdivided by. If
any additional information is needed, please contact the following people.

Stacy Scott stacy.scott@dot.state.fl.us (352) 955-6328
Kyle Kroodsma kyle.kroodsma@dot.state.fl.us (352) 955-6332
Charles Holzschuher charles.holzschuher@dot.state.flL,us (352) 955-6341
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Figure 1: Statewide Ride Distribution, All Lots
Total Total . St. IRl = 96
Type Lots Miles Min | Mean | Max [ pey Lots Miles | % Miles
All Lots 81850 7985.28 20 51 356 13.2 676 55.52 0.70%




Ride Distribution by Friction Course and System
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Figure 2: Statewide Ride Distribution by Friction Course and System
Friction Total Total : St. IRl = 96
Course System Lots Miles Min | Mean | Max | pey Lots Miles | % Miles
FC5 Primary 26353 2580.20 23 51 356 12.7 195 15.33 0.59%
FC5 Toll 243 22.47 42 58 228 9.8 4 0.10 0.43%
FC5 Interstate 31731 3073.32 25 50 166 13.7 261 21.90 0.71%
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FC12.5 Primary 15038 1475.48 20 54 207 13.2 182 15.55 1.05%
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Table 4: Lane Miles Tested Per District by Friction Course and System

Total Lane Miles Tested

Friction District District District District District District District
Course System 1 2 3 4 5 6 7
FC5 Interstate 637.10 453.99 283.05 765.87 629.55 54.71 249.06
FC5 Toll 0.00 0.00 0.00 0.00 22.47 0.00 0.00
FC5 Primary 474.56 592.31 248.02 352.83 644.95 76.10 191.43
FC9.5 Primary 178.28 80.65 242.41 107.22 167.11 0.00 58.13
FC12.5 Primary 426.85 639.68 118.11 14.48 201.91 10.54 63.92
Total 1,716.79 1,766.62 891.59 1,240.41 1,665.98 141.35 562.54
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Ride Distribution of All Lots

District 1

1716.79 total miles

50.00%
40.00%
30.00% |
(%]
2
=
x
20.00% —
10.00% —
0.00% T I I T T T T ]
{¥=) [42] o ~ < i 0] wn o (2] o [a2] o ~ < - [oe] wn o ()] O m +
o — o o o < < n [(e) (=) ~ o] (o)} D o — - o~ o oM < wn <
o o o o o o o o o o o o o o — - — — — - — — un
O KN & = ®© N N O M O N ¥ «H % th N & VW @ o N
o o — o~ o~ o < < wn (%) ~ ~ ] [e2) D o — — ~N m <t <
o o o o o o o o o o o o o o o — — — — —l — —
Average International Roughness Index (IRI)
Figure 3: District 1 Ride Distribution, All Lots
Total Total . St. IRl = 96
Type Lots Miles Min | Mean | Max [ pey Lots Miles | % Miles
All Lots 17644 1716.79 20 50 207 12.1 91 7.09 0.41%
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Ride Distribution by Friction Course and System

FC5 - Primary - 474.56 total miles

FC5 - Interstate - 637.10 total miles
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FC9.5 - Primary - 178.28 total miles FC12.5 - Primary - 426.85 total miles
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Average International Roughness Index (IRI) Average International Roughness Index (IRI)
Figure 4: District 1 Ride Distribution by Friction Course and System
Friction Total Total : St. IRl > 96
Course System Lots Miles Min [ Mean | Max [ pey Lots Miles | % Miles
FC5 Primary 4854 474.56 29 52 198 11.6 21 1.43 0.30%
FC5 Interstate 6601 637.10 27 46 127 9.7 5 0.34 0.05%
FC9.5 Primary 1826 178.28 29 49 189 10.9 7 0.42 0.23%
FC12.5 Primary 4363 426.85 20 56 207 13.4 58 4.9 1.15%

20




‘1yodal siy) wolj papnjoxs uaaq sey ,paxip, Jo adA] a1ebaibby

%00°0 000 0 80l €L 2% 24 ¥6°0 0l suojsawi 010¢ Arewud G104
%y 0 940 6 9¢l | s€l ¥S 0¢ 00'9¢1 ¥8¢l SjUEID 0l0¢ Aewnd G¢lod
%v. 0 0L°0 I 4\ 96 09 [44 €G°¢El o€l suojsawl 600¢ Aewud G'¢104d
%SG 0 0c¢0 [4 L¢l | 901 ¥S 9¢ 1€9€ 6.€ SjUEID 600¢ Aewnd G¢lod
%000 000 0 €6 76 GG [43 80°L€ 8¢ suojsaw] 800¢ Aewnd G'¢lOd
%6€°0 S0°0 [4 v'8 Shl 0s LE 74 €el suojsswi £00¢ Arewud §¢1o4d
%l9Y £v°0 ) L'l 901 9. 0g GC'6 ¥6 Sjuel 100¢ Aewud G'¢lOd
%€} €| 14 611 | €51 LS 1€ YEv6 296 suojsswi 900¢ Arewud §¢1od
%00°0 000 0 L0l 06 9G €¢ 88'¥¢ €62 SjueI 900¢ Aewud G'¢lOd
%00°0 000 0 09 04 14 €€ ¥6'Ly 98y suojsswi §00¢ Arewud §¢1od
%c0°Cl ¥E'C 14 ¥'e¢ | 10C Sl Ly 617'61 861 SjueI S00¢ Aewud G'¢lOd
%00°0 000 0 L9l 68 gg or LL cl suojsswi 6002 Arewud G604
%cC1°0 60°0 [4 L6 225 €G 23 1G°G/ 081 suojsawl 800¢ Aewnd G604
%00°0 000 0 Ly 09 44 €€ €611 9/l Sjuel 800¢ Arewud G604
%vy'0 0€0 14 L'l 681 14 62 12'89 169 suojsawl 900¢ Aewnd G604
%090 €00 } 6 90} 89 [44 10'S €3 Sjuel §00¢ Arewud G604
%00°0 000 0 19 98 8¢ yX4 Y5661 ¢s0¢ Sjuel 0lL0c Sje}siau| GO4d
%00°0 000 0 L'S S99 8y 9¢ LS0p 8ly suojsswi 6002 djeisia| G604
%010 SL0 [4 L0l 201 14 yX4 82°0G1 9661 Sjuel 6002 Sje}siau| GO4d
%2100 2070 } 08 10l [4°) 142 €166 9501 suojsswi 800¢ djeisia| G604
%00°0 000 0 €G 06 oy €¢ 424 14 Sjuel 800¢ Sje}siau| GO4d
%10 0l0 } 68 10l 0S 0€ (237 8¢/ suojsawl £00¢ djeisia| G604
%00°0 000 0 L'/ 4] 09 14 12°S 9G suojsaw 900¢ Sje}siau| GO4d
%00°0 000 0 1’8 g8 Ly G€ ¥0'8 16 SjueI 900¢ djeisia| G604
%100 c00 I 69 yx4 4] 24 €1'8G S69 suojsawl S00¢C Sje}siau| GO4d
%910 90°0 } G0l [ 901 Ly [43 §Gg'Ge 09¢ suojsswi 0L0¢ Arewud G604
%00°0 000 0 vl Yy 0g L€ €9°/ 8. |juel 010¢ Aewud SO4d
%000 000 0 g0l 88 ¥S 143 K44 494 auojsswir 600¢ Aewnd °IOF |
%¥6°0 68°0 6 L€l oLl 6V 6¢ 8E'¥6 196 |juel 600¢ Arewud SO4d
%850 910 [4 80l | €¢I 65 6€ [4414 €6¢ auoysswir 800¢ Aewnd °OF |
%00°0 000 0 .8 18 Ly L€ €C°€l o€l |juel 800¢ Aewud SO4d
%100 100 } 60l [ 201 G 0€ S9'0€1 Geel auoysswir £00¢ Aewnd °OF |
%00°0 000 0 80l 16 99 [4°] ov'l 14 |juel £00¢ Aewud SO4d
%EL°0 0l0 9 06 861 €S 143 S6°18 €V8 auoysawir 900¢ Aewnd °OF |
%1G°0 020 4 66 c0l 69 ov GC'6E oLy suojsawl S00¢ Aewud S04
SON % | SOIN | SI07 | A8A | xepy | uesy [ uiw SSIIN Si01 ajebaiBby Jeap wayskg | ©SINOO
96 = 1Ml 1S lejoL lejo uonou4

91eba1bhy pue ‘JesA ‘WwalsAS ‘9sinod uoilol4 Ag Arewwns [eansiels T 1011siqg (9 a|qel

21




‘Jyodal sIy} Wouy papnjoxa usaq aAey ,umousun, pue ,pasn Ajeiled, JO sasnels aolaa( Jajsuel] |eualep
‘1uodal siy) wolj papnjoxs uaaq sey ,paxip, Jo adA] a1ebaibby

%120 ¢s o 8 8'6 Sel Sg Ge 0lL°€6l 8861 Pasn 1oN suojsaul B sjuely [\ v
%120 yE'L 14 Gl 0Ll 14 4 1G°C6Y £50G pasn Ajin4 suo}sawlT @ sjueI) I\ [1\4
%690 0l0 } 0l 96 09 34 o'yl 14 pasn Ajind suojsswi Arewud G104
%970 Lv0 L y0l 14 99 13 81’10l [44]" pesn 10N sjuel Aewud G104
%Sy 0 020 [4 €6l [ 901 IS 0¢ €S vy (5014 pasn Alin4 Sjiuel Aewnd G¢lod
%00°0 000 0 L9l 68 SS9 ov L) cl pPesN 10N suojsaw Arewud S'604d
%000 000 0 L' S99 8y 9€ LS 0p 8ly Pasn 1oN auoysswir Sjeisiau| °OF |
%00°0 000 0 89 08 [4°] 6¢ €v'9¢ 042 pPesn 10N |juel djejsia| SO4d
%900 Sl0 [4 €8 L0} 24 e 8l,/C 198¢ pasn Alin4 Sjiuel Sjeisia| °OF |
%¥C 0 900 l G'6 901 09 24 9'ec e pPesMn 10N suojsawi Aewud SO4d
%000 000 0 L8 28 oy 43 ov'vs 8vS pasn Alin4 auoysawir Aewnd °OF |
%180 68°0 6 9€l 0Ll 6V 62 00720l 6€0/ pasn Alin4 sjluel Aewud S04
SN % | selN | sloT | Aea | xepy | uesy | umn SaIN sj07 snjejs eo1AeQ o1eba.6by weishkg | @iN0D
96 2 M| 1S lejoL lejoL Jajsuel] [eusjepy uonoL 4

SNJeIS 891A8( Jajsuel] [elsIe pue ‘81ebalBby ‘We1sAS ‘9sino) uonoali4 Aq Arewwng [eansneis T 1011si1g :/ a|gel

22



‘Jodal siy} wody papnjoxa usaq aAeYy ,umousun, pue ,ylog, jo sawi] Buined
‘1yodal siy) wolj papnjoxs uaaq sey ,paxip, Jo adA] a1ebaibby

%800 L¥°0 8 vl €41 14 0¢ 81°20G LyeS JYBIN auojsawiT B Sjuel v v
%L¥°0 60°€ (014 0Ll 681 €5 9¢ 8G°9G/ yAZ¥A Aeq suo}sawlT @ sjueI) 4 [I\4
%120 100 b €¢l | €Sl 69 oy €89 S/ WOIN suojsswi Arewud §¢1od
%911 €71 9l 'l €el 9G 1€ 128l €0C) Aeq suojsawl Aewnd G'¢lOd
%¥0°0 100 b ¢yl | SEl 6v 02 §9'9¢ V.2 YBIN sjuel Arewud G104
%110 €'l 142 LCL cel 9g 9¢ G.'8Gl 1291 Aeq sjuel Aewud G104
%620 6€0 g €1l | 68l 0S 6¢ c0'9¢l L6€1 Aeg auojsswir Aewnd G604
%00°0 000 0 09 S9 8v 9€ S8Vl Gl N suojsaw djejsia| SO4d
%600 AN 4 6. 10} 0S 0€ 0lL°061 961 Aeg auoysswir sjejsiap| S04
%10°0 Sl'o [4 .8 201 24 yx4 86°19¢€ 8v.¢ JY6IN |juel djejsia| SO4d
%120 €20 14 colL | €l LS JAS 0€'g8 8.8 BN auoysswir Aewnd °OF |
%€0°0 €00 [4 00} 9€l €G [43 29901 c90} Aeq suojsawi Aewud SO4d
%00°0 000 0 ¢l 18 67 1€ G711 8Ll JYBIN Sjiuel Aewnd S04
%00°0 000 0 €8 16 14 0€ 8.8V 00§ Aeq |juel Aewud S04
SON % | SOIN | SI07 | A8A | xewy | uesy [ uiw S3IIN S197 | awiy Buined ayebaiBby wayshkg [ ©SINOD
96 < 14l 1S lejo) lejoL uonoL

awl] Buined pue ‘a1ebalbhby ‘waisAS ‘9sino) uoidll4 Ag Arewwns [eaisilels T 1011siq 8 d|qel

23



‘podal sIy} Wouy papnjoxa usaq aAey ,umousun, pue ,pasn Ajeiled, JO sasnjels aolna( Jajsuel] |eualep
‘uodal siy) wolj papnjoxs uaaq sey ,paxip, Jo adA] a1ebaibby

%EG’0 1€0 4 zoL | zel ¥S Ge 06'8S 16G pesn JON ajluel G'Z1LOd "ou| Jleydsy Jousdng
%L ) 90'0 L 9¢cl | 90l €9 Ly 12°¢ 9¢ pasn 10N auojsawi 504 "d10 USJ0OM 'L 'S
%G.’S 68°0 6 gyl | OLL zl A4 8¥'Gl GGl pasn Ajind BEI) GOd Auedwo) Buired opueliQ
%00 %00 L ¢g | ool €9 9y ¥0'L L Gl pasn JON BEID) G'2104 "d109 xos3|ppIN
%92’ L 010 L 00L | 90l 69 6¥ 161 08 pasn Ajind BER) G'Z1Lod *d10D uononIsUOD aueT
%000 000 0 L'6 Z8 €5 8¢ 656 96 pasn Ajin4 auojsawWIT 504 "di0D uonoNJsuoy dueT
%00°0 000 0 80L | €/ ¥S % ¥6°0 0l pasn Ajind suoysewll | 52104 Jleydsy uosiexolq
%, 0 010 L zolL | 96 09 v £G°¢cl 9¢l pasn Ajin4 suojsewll | §°Z10d "di09 jjeydsy Ajunwwo)
%00°0 000 0 191 | 68 GG oy 1L 4 pesn JoN suoysewll | G604 "0U| Speoy Jejjeg
%00°0 000 0 G/ ¥8 05 6g G9'eE 0GE pesn J0N auojsewl 504 "0U| Speoy Jeyjeg
%.Z2°0 010 L zelL | 1oL Ly 0z 9G°9¢ €/€ pesn Ajind ajluel 62104 Ansnpu| Buined xely
%000 000 0 8/ Z8 GP ze L8 vP ZSy pasn Alind auojsaw S04 Asnpuj Buined xely
%G00 G10 z 18 | L0l v k4 L¥'10€ LL1E pesn Ajind ajluel GOd Ansnpu| Buined xely
%GE0 110 Z 00L | seL 85 6¢ €G'LE 0£g pesn JoN DED) G'Z1Od OVdY
%00°0 000 0 €6 88 ¥G 9¢ 91°/2 8.2 pesn JoN auojsewl GOd OV'dY
%00°0 000 0 8'9 08 zS 6¢ £Y'9Z 0.2 pesn JoN 8)luel 504 OVdY
%00°0 000 0 6/ 88 (44 62 €229 ¥£9 pesn Alind4 ajluel GOd OV'dY
S9N % | salln sjo7 7ea | xen | ueey | umy ST sjoT snjejg 8o1neqd oyebaibby | ©SIN0D 10J0BLUON

96 < [l 1S [elol [eyol ajsuel] [eusie uonoL 4

SnJelIS 891A8( Jajsuel] [eld1e pue ‘81ebalBby ‘9sino) uonoll4 ‘1019enuo) Ag Alewwng [eolsnelIs T 1011sI1g (6 9|gel

24



Ride Distribution of All Lots

District 2

1766.62 total miles
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Average International Roughness Index (IRI)
Figure 5: District 2 Ride Distribution, All Lots
Total Total . St. IRl = 96
Type Lots Miles Min | Mean | Max [ pey Lots Miles | % Miles
All Lots 18020 1766.62 23 48 161 11.3 60 4.24 0.24%
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Ride Distribution by Friction Course and System

FC5 - Primary - 592.31 total miles

FC5 - Interstate - 453.99 total miles
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Average International Roughness Index (IRI) Average International Roughness Index (IRI)
Figure 6: District 2 Ride Distribution by Friction Course and System
Friction Total Total : St. IRl = 96
Course System Lots Miles Min [ Mean | Max [ pey Lots Miles | % Miles
FC5 Primary 6032 592.31 23 46 131 10.4 13 0.73 0.12%
FC5 Interstate 4669 453.99 26 45 111 10.2 9 0.69 0.15%
FC9.5 Primary 827 80.65 29 49 147 10.6 2 0.11 0.14%
FC12.5 Primary 6492 639.68 24 52 161 11.6 36 2.70 0.42%
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Ride Distribution of All Lots

District 3

891.59 total miles
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Average International Roughness Index (IRI)
Figure 7: District 3 Ride Distribution, All Lots
Total Total . St. IRl = 96
Type Lots Miles Min | Mean | Max [ pey Lots Miles | % Miles
All Lots 9081 891.59 25 42 136 8.8 12 0.82 0.09%
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Ride Distribution by Friction Course and System

FC5 - Primary - 248.02 total miles

FC5 - Interstate - 283.05 total miles
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Average International Roughness Index (IRI) Average International Roughness Index (IRI)
FC9.5 - Primary - 242.41 total miles FC12.5 - Primary - 118.11 total miles
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Average International Roughness Index (IRI) Average International Roughness Index (IRI)
Figure 8: District 3 Ride Distribution by Friction Course and System
Friction Total Total : St. IRl = 96
Course System Lots Miles Min [ Mean | Max [ pey Lots Miles | % Miles
FC5 Primary 2521 248.02 27 40 87 6.6 0 0.00 0.00%
FC5 Interstate 2904 283.05 27 40 130 7.8 2 0.06 0.02%
FC9.5 Primary 2452 242.41 25 42 136 9.2 6 0.46 0.19%
FC12.5 Primary 1204 118.11 26 47 114 11.3 4 0.31 0.26%
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Ride Distribution of All Lots

District 4

1240.41 total miles
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Average International Roughness Index (IRI)
Figure 9: District 4 Ride Distribution, All Lots
Total Total . St. IRl = 96
Type Lots Miles Min | Mean | Max [ pey Lots Miles | % Miles
All Lots 12846 1240.41 29 59 177 14.0 242 20.45 1.65%
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Ride Distribution by Friction Course and System

FC5 - Primary - 352.83 total miles

FC5 - Interstate - 765.87 total miles
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Figure 10: District 4 Ride Distribution by Friction Course and System
Friction Total Total : St. IRl = 96
Course System Lots Miles Min [ Mean | Max [ pey Lots Miles | % Miles
FC5 Primary 3592 352.83 33 58 177 11.7 32 2.41 0.68%
FC5 Interstate 8016 765.87 32 61 166 14.8 191 16.20 2.11%
FC9.5 Primary 1092 107.22 29 53 127 10.8 2 0.16 0.15%
FC12.5 Primary 146 14.48 37 65 114 19.6 17 1.68 11.61%
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Ride Distribution of All Lots

District 5

1665.98 total miles
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Average International Roughness Index (IRI)
Figure 11: District 5 Ride Distribution, All Lots
Total Total . St. IRl = 96
Type Lots Miles Min | Mean | Max [ pey Lots Miles | % Miles
All Lots 17012 1665.98 25 52 356 12.5 127 10.63 0.64%
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Ride Distribution by Friction Course and System

FC5 - Primary - 644.95 total miles

FC5 - Toll - 22.47 total miles
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Average International Roughness Index (IRI)
Figure 12: District 5 Ride Distribution by Friction Course and System

Friction Total Total : St. IRl = 96

Course System Lots Miles Min [ Mean | Max [ pey Lots Miles | % Miles
FC5 Primary 6602 644.95 29 53 356 11.5 55 4.41 0.68%
FC5 Toll 243 22.47 42 58 228 9.8 4 0.10 0.43%
FC5 Interstate 6402 629.55 25 50 142 12.9 40 3.73 0.59%
FC9.5 Primary 1696 167.11 27 49 121 12.3 11 1.06 0.64%

FC12.5 Primary 2069 201.91 29 55 158 12.9 17 1.33 0.66%
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Ride Distribution of All Lots

District 6

141.35 total miles
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Average International Roughness Index (IRI)
Figure 13: District 6 Ride Distribution, All Lots
Total Total . St. IRl = 96
Type Lots Miles Min | Mean | Max [ pey Lots Miles | % Miles
All Lots 1464 141.35 40 70 148 16.5 111 9.81 6.94%
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Ride Distribution by Friction Course and System

FC5 - Primary - 76.10 total miles FC5 - Interstate - 54.71 total miles
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Average International Roughness Index (IRI)
Figure 14: District 6 Ride Distribution by Friction Course and System
Friction Total Total : St. IRl = 96
Course System Lots Miles Min [ Mean | Max [ pey Lots Miles | % Miles
FC5 Primary 781 76.10 41 73 146 14.3 57 5.07 6.67%
FC5 Interstate 575 54.71 40 60 146 11.9 12 0.77 1.40%
FC12.5 Primary 108 10.54 60 93 148 18.3 42 3.97 37.70%
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Ride Distribution of All Lots

District 7

562.54 total miles
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Average International Roughness Index (IRI)
Figure 15: District 7 Ride Distribution, All Lots
Total Total . St. IRl = 96
Type Lots Miles Min | Mean | Max [ pey Lots Miles | % Miles
All Lots 5783 562.54 27 54 269 10.9 33 2.48 0.44%
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Ride Distribution by Friction Course and System

FC5 - Primary - 191.43 total miles

FC5 - Interstate - 249.06 total miles
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Average International Roughness Index (IRI) Average International Roughness Index (IRI)
Figure 16: District 7 Ride Distribution by Friction Course and System
Friction Total Total : St. IRl = 96
Course System Lots Miles Min [ Mean | Max [ pey Lots Miles | % Miles
FC5 Primary 1971 191.43 27 55 269 11.5 17 1.27 0.66%
FC5 Interstate 2564 249.06 33 52 108 9.3 2 0.12 0.05%
FC9.5 Primary 592 58.13 27 49 106 11.9 6 0.44 0.76%
FC12.5 Primary 656 63.92 35 58 117 114 8 0.65 1.02%
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WHAT IS RIDE NUMBER?

The Pavement Serviceability Index (PSI) has been used by engineers since the AASHTO road test
in the 1950's as an estimate of the opinion of the traveling public on the roughness (or lack of
smoothness) of roads. The Ride Number (RN) is a profile index similar to the PSI, and was a result
of NCHRP projects 1-23, conducted between January 1982 and November 1984 and published as
NCHRP report 275, "Pavement Roughness and Rideability,” and 1-23(2), conductd between
January 1986 and December 1987 and published as NCHRP Report 308, "Pavement Roughness
and Rideability - Field Evaluation.” It is an index that rates rideability of a road using a 0 to 5 scale,
where an RN of 5.0 is considered to be a perfect ride quality road, and an RN of zero is an
impassable road. The RN was chosen because it corresponds to users' perception of pavement
roughness. The definition of this method is given in Section 4.3.2 of ASTM E1489. The Profile
Index (P1), equation (2), statistic is derived from the longitudinal profile and then processed through
a non-linear mathematical transformation, equation (1), to yield RN value(s) for each 0.1 mile or
any other desired reporting interval.

The RN is defined by the following equation:

RN =50 00 e (1)
Where:
2 2
p = [Pl ;P'R ............................................................... 2)

Pl = Profile Index in the Left wheel path (ft/ft)
Plr = Profile Index in the Right wheel path (ft/ft)

This summary expresses ride quality using Ride Number (RN). Currently. FDOT's smoothness
specifications use RN to indicate the level of smoothness present on newly placed asphalt
pavements. RN, howevere, is freatly influenced by differences in texture, especially dense-graded
versus open-graded pavements.

The full Ride Number edition of this report can be found at the following link and is titled "Flexible
Pavement Smoothness Acceptance Report - Ride Number Edition™.

http://materials.dot.state.fl.us/smo/administration/resources/library/publications/researchreports/
2011-2015.htm
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Many roadway characteristics and construction practices are being monitored and included in the
FDOT's smoothness database. Some of these have proven to be significant contributors to the ride
quality of the pavements tested, and some factors have not been so valuable. Below is a summary
list of key variables being monitored with a brief explanation of their effect on pavement
smoothness.

= Average Annual Daily Traffic (AADT) - Analysis on Interstate pavements has shown that
there does not appear to be any correlation between AADT and RN.

=  Material Transfer Device (MTD) Usage - Data shows that pavements placed using this
equipment can be smoother. Overall, full MTD usage on the entire project shows no
significant improvement over no MTD usage, both having an average RN of 4.2. MTD
usage on the Interstate system yielded some benefit; 4.2 RN with full-project MTD usage
versus 4.0 for Interstate projects where the MTD was not used at all.

= Aggregate Type - Based on summary data from Florida projects, smooth pavements can be
constructed regardless of the aggregate type used. However, on average, pavements using
Granite aggregate in friction courses are smoother. Granite pavements have an average RN
of 4.2, compared to an RN of 4.0 for Limestone pavements.

= Data by Year - No significant improvement was found when comparing the average RN over
time.

=  Binder Type - No significant difference was found when comparing the smoothness of
pavements using polymer-modified binders in the friction course to pavements using other
types of binders.

=  Paving Time - No significant difference was found when comparing the smoothness of
pavements placed at Night to those placed during the Day.

= System - No significant difference was found when comparing the smoothness of Primary
and Interstate systems.

= Surface Type - It is well documented that pavements with dense-graded friction courses are
consistently smoother than those with open-graded friction courses.. Dense-graded friction
courses have an average RN of 4.3, compared to 4.1 for open-graded friction courses.

In addition to these factors, there are many other variables that the data can be subdivided by. If
any additional information is needed, please use the contact information located at the bottom of
page 7.
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Customer Service Form

In an effort to continuously improve our customer service, the Pavement Material Systems section of
the State Materials Office requests your input by filling out and returning this survey form.

(Optional)
Company/Office/Organization:
Address:
City: State: ZIP:
Your Name: Title:
Phone: E-Mail:

Please rate each of the following factors using the scale provided. A "1" corresponds to Very Poor,
and a "5" corresponds to Excellent .

Usefulness of Content 1 2 3 4 5
Organization of Information 1 2 3 4 5
Clarity of Graphical Information 1 2 3 4 5
Format of Tables 1 2 3 4 5
Overall Value of this Report 1 2 3 4 5

Please provide an answer to the following questions. Use additional sheet(s) if necessary.

What was the most useful/informative part of this report?

What was the least useful/informative part of this report?

What changes would you recommend to improve this report?

Detach and mail to:
FDOT State Materials Office
Attn: Stacy Scott
5007 NE 39th Ave.
Gainesville, FL 32609
Or E-Mail to: stacy.scott@dot.state.fl.us

B2



	Cover 
	Thanks To

	Table of Contents

	List of Figures

	List of Tables

	Executive Summary

	Introduction

	Ride Quality Evaluation Process

	What is IRI?

	Observations

	Statewide 
	Fig. 1
Statewide Ride Distribution, All Lots 
	Fig. 2
Statewide Ride Distribution, by Friction Course and System 
	Table 1 Statewide Statistical Summary by Friction Course, System, Year, and Aggregate

	Table 2 Statewide Statistical Summary by Friction Course, System, Aggregate, and Material Transfer Device Status

	Table 3 Statewide Statistical Summary by Friction Course, System, Aggregate, and Paving Time

	Table 4 Lane Miles Tested Per District by Friction Course and System

	Table 5 Statewide Statistical Summary by Contractor, Friction Course, Aggregate, and Material Transfer Device Status


	District 1

	Figure 3 District 1 Ride Distribution, All Lots

	Figure 4 District 1 Ride Distribution, by Friction Course and System

	Table 6 District 1 Statistical Summary by Friction Course, System, Year, and Aggregate

	Table 7 District 1 Statistical Summary by Friction Course, System, Aggregate, and Material Transfer Device Status

	Table 8 District 1 Statistical Summary by Friction Course, System, Aggregate, and Paving Time

	Table 9 District 1 Statistical Summary by Contractor, Friction Course, Aggregate, and Material Transfer Device Status


	District 2

	Figure 5 District 2 Ride Distribution, All Lots

	Figure 6 District 2 Ride Distribution, by Friction Course and System

	Table 10 District 2 Statistical Summary by Friction Course, System, Year, and Aggregate
	Table 11 District 2 Statistical Summary by Friction Course, System, Aggregate, and Material Transfer Device Status

	Table 12 District 2 Statistical Summary by Friction Course, System, Aggregate, and Paving Time

	Table 13 District 2 Statistical Summary by Contractor, Friction Course, Aggregate, and Material Transfer Device Status


	District 3

	Figure 7 District 3 Ride Distribution, All Lots

	Figure 8 District 3 Ride Distribution, by Friction Course and System

	Table 14 District 3 Statistical Summary by Friction Course, System, Year, and Aggregate

	Table 15 District 3 Statistical Summary by Friction Course, System, Aggregate, and Material Transfer Device Status

	Table 16 District 3 Statistical Summary by Friction Course, System, Aggregate, and Paving Time

	Table 17 District 3 Statistical Summary by Contractor, Friction Course, Aggregate, and Material Transfer Device Status


	District 4

	Figure 9 District 4 Ride Distribution, All Lots

	Figure 10 District 4 Ride Distribution, by Friction Course and System

	Table 18 District 4 Statistical Summary by Friction Course, System, Year, and Aggregate

	Table 19 District 4 Statistical Summary by Friction Course, System, Aggregate, and Material Transfer Device Status

	Table 20 District 4 Statistical Summary by Friction Course, System, Aggregate, and Paving Time

	Table 21 District 4 Statistical Summary by Contractor, Friction Course, Aggregate, and Material Transfer Device Status


	District 5

	Figure 11 District 5 Ride Distribution, All Lots

	Figure 12 District 5 Ride Distribution, by Friction Course and System

	Table 22 District 5 Statistical Summary by Friction Course, System, Year, and Aggregate

	Table 23 District 5 Statistical Summary by Friction Course, System, Aggregate, and Material Transfer Device Status

	Table 24 District 5 Statistical Summary by Friction Course, System, Aggregate, and Paving Time

	Table 25 District 5 Statistical Summary by Contractor, Friction Course, Aggregate, and Material Transfer Device Status


	District 6

	Figure 13 District 6 Ride Distribution, All Lots

	Figure 14 District 6 Ride Distribution, by Friction Course and System

	Table 26 District 6 Statistical Summary by Friction Course, System, Year, and Aggregate

	Table 27 District 6 Statistical Summary by Friction Course, System, Aggregate, and Material Transfer Device Status

	Table 28 District 6 Statistical Summary by Friction Course, System, Aggregate, and Paving Time

	Table 29 District 6 Statistical Summary by Contractor, Friction Course, Aggregate, and Material Transfer Device Status


	District 7

	Figure 15 District 7 Ride Distribution, All Lots

	Figure 16 District 7 Ride Distribution, by Friction Course and System

	Table 30 District 7 Statistical Summary by Friction Course, System, Year, and Aggregate

	Table 31 District 7 Statistical Summary by Friction Course, System, Aggregate, and Material Transfer Device Status

	Table 32 District 7 Statistical Summary by Friction Course, System, Aggregate, and Paving Time

	Table 33 District 7 Statistical Summary by Contractor, Friction Course, Aggregate, and Material Transfer Device Status


	Appendix A: Ride Number Report Summary

	What is Ride Number?

	Ride Number Report Observations


	Appendix B: Customer Service Form



