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Learning Objectives

At the end of this webinar, you will be able to:

 Develop a plan for characterizing and
reporting roughness on urban and low-speed
roadways

* Apply the IRI algorithm to urban and low-speed
roadways that improves correlation to
objective measurements of ride quality

* Analyze assess the accuracy of road profile
measurements collected under adverse
conditions

 Measure profile more accurately on urban and
low-speed roadways
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Background

« Most all inertial profilers to date are unable to collect valid road
profile data at very low speeds and in stop and go operation

 Even If (and when) we are able to collect valid road profiles in such
conditions, we may be over stating the perceived roughness as the
International Roughness Index uses a 50 mph simulated travel speed

« Since our actual travel speeds are much lower, these roads don’t “feel” as
rough

 Arguably, comparing IRl from urban and low speed roads to say interstates
and expressways, Is not legitimate



Background

 The type or spectrum of roughness events in urban and low speed
environments can be quite different from high speed faclilities
e Crowned intersections
 Bus pads
e Man hole covers
e Curb drains
e Etc.

 An alternative to the current IRl is needed to improve quantification
of road roughness on the low-speed and urban highway networks
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Road Profiles and International Roughness Index
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Outline

« Urban and Low-Speed Road Profile Content
Incorporation of Additional Data

Theory of Inertial Profiling

Road Profiler Operation at Low Speed and with Stops
Automatic Detection of Profile Measurement Errors
 |Rland Ride Quality Primer

o Low-Speed Roughness Index

e Recommendations (as we go along...)




Outline

« Urban and Low-Speed Road Profile Content
 Incorporation of Additional Data



Low-Speed Road Profile Content

Slope Spectral Density (fi/cycle)
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Hit or Miss
Utility Cover
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Compound
Event
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High-Pass Filtering:
Grade Breaks
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Recommendations

 Quantify localized roughness using a roughness
profile.

« Set the standard base length to 25 ft.

« Record severe areas of localized roughness (ALR).

 |nvestigate severe ALR using profile.

« Know and understand your high-pass filter.

 Specify high-pass filtering with minimal distortion.

« Modifications to AASHTO M 328 and R 54 are
recommended.
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Incorporation of Additional Data

e Distinguish between built-in features and
pavement deterioration.

 Incorporate images into project-level analysis.
» Specify storage of profile with GPS.

 Link to available databases:
— Avallable: Railroad crossings, intersections, bridges
— Much Less Avallable: Utility cuts




Outline

e Theory of Inertial Profiling
* Road Profiler Operation at Low Speed and with Stops
o Automatic Detection of Profile Measurement Errors



Inertial Profiler, Theory of Operation

Reference point

ZRef(I)
H(x)~Zpef(%)~ Zpoad(®)
ZRoad (¥)
Z ot ()= Zig (O) ~(Zig (X) — Z poua (%))
Zra @)= || Ang (D)t dt — H(@) Ay, — vertical acceleration
Zroaa(0) = [[ (Arg )/ V? (x)) v de — H(x) V —vehicle forward speed (ofien assumed constant)

Reproduced from: Huft, D. L., “South Dakota Profilometer.” Transportation Research Record 1000 (1984) p. 1-8. 17



Accelerometer Alignment, Servo Type

AZEIg ZE

A
10 T—>X;

Ay Azy =Ayysin(0)+(Az; +g)cos(0)—g
Azy — Az = Axy sin(0)+ (A7, +g)(cos (0)—1)

Tilted due to longitudinal
deceleration

Reproduced from: Sayers, M. W. and S. M. Karamihas, The Little Book of Profiling. University of Michigan Transportation

Research Institute (1998) 100 p. 18



“Speed” Experiment

 Included ~30 staged reproductions of common disturbances.
» Tested 6 commercial inertial profilers.
e Examined effects on profile and IRI.
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Speed Experlment Test Pr0|lers
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Low Speed
Operation
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B raki n g Left Elevation (in)
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Stop and Go, Profile with Minimal Filtering

Left Elevation (in)
5 i

Stop Location

O b
. Start of Braki< \]L
_l 0 -\k\/

-15

End of Acceleration

N

0 200 400 600 800 1000 1200 1400
Distance (ft)

23



Stop and Go, Profile with Filtering
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Stop and Go, Roughness Profiles

Left Roughness Profile (in/mi)
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The severity and range were not consistent among the test
profilers.



Stop and Go, Contaminated Region

Profiler Side Passes Peak Localized Contaminated Area (ft)
Roughness (in/mi) Upstream Downstream
Profiler 1 Left 14 570-1,265 -44 77
Right 14 380-635 -44 137
Profiler 2 Left 12 3,040-6,275 -46 160
Right 12 0-2,220 -34 123
Profiler 3 Left 13 0-190 -33 96
Right 13 30-190 -59 93
Profiler 4 Left 13 6,526-41,247 -78 171
Right 13 4,055-37.,000 -46 156
Profiler 5 Left 13 26,930-170,945 -152 248
Right 13 10,330-256,610 -155 245
Profiler 6 Right 12 1,900-10,075 -74 153
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Major Results

Each profiler had a low-speed limit.

Errors caused by horizontal acceleration depended
on vehicle properties.

Misalignment and drift at zero speed caused
localized roughness in all cases.

Filtering affected the area contaminated by a
disturbance.

Each profiler performed differently.



Recommendations

 Learn you profiler’s limits as a supplemental
aspect of profiler certification.

o Use repeated runs if reference profiles are not
available.

« Communicate these limits to your drivers.

 Safety Is a much higher priority than data
guality.



Automatic Detection of Errors

» Specify profilers that identify adverse
conditions automatically:

Low speed, excessive deceleration, stops, sensors out
of range

» Specify processing software that can remove
contaminated areas from IR| calculations.

 Modifications to AASHTO M 328, R 56, and R 57
are recommended.



Outline

 [ntroduction (Brian)

* Urban and Low-Speed Road Profile Content
 Incorporation of Additional Data

* Theory of Inertial Profiling

* Road Profiler Operation at Low Speed and with Stops
o Automatic Detection of Profile Measurement Errors
 |RI and Ride Quality Primer

» Low-Speed Roughness Index
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International Roughness Index (IRI)
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Golden-Car Model Response

Golden Car Model Gain (-)
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Ride Experiment

 Related objective measurement of ride vibration
on urban and low-speed roads to roughness.

e Used standard measures of “discomfort” caused
by vibration.

e Seeking correlation to roughness.

e 29 test sections: 6 routes, functional class 3,
speed limit 30-55 mph



Test Vehicles




Instrumentation:
Ride Sensors
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Instrumentation:Profiler




Accelerometer Output
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SAE 2834/1SO 2631 Frequency Weighting
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“Rough” Ride Metrics
R M S Weighted Accel lon: msazlwazfi
oot Mean square VWelghted Acceleration " |:N§ w( )i|

Point Vibration Total:

1/
PV = (kzxmsazwx + kzyrmsazwy + k% rmsa’,, )’X2
Overall Vibration Total: OVT = (P Vg + PV g+ PV, )}( :

* Stay tuned for “Transient” metrics.

Source: ISO 2631/SAE J2834



Floor/Foot Vibration v. IRI: Sedan

RMS weighted acceleration, floor/foot interface (g)
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I Rl Gain for Profile Slope CGain fior Profile Slope

Generality
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IRI Generality
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Wheelbase Filtering

Zg PSD, Sprung Mass Acceleration
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Floor/Foot Vibration v. IRI: Sedan

RMS weighted acceleration, floor/foot interface (g)
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Golden Car Average Rectified
Slope (GCARS)

Right Roughness Profile (in/mi)

1000 ypp 25-ft base length
I — GCARS
200 i 30 mph

600 +

400 |
200 - k;ﬁ
0 1 — % T — Il e I s % e JI TS {
15000 15100 15200 15300 15400 15500 15600
Distance (ft)

45



Floor/Foot Vibration v. GCARS,: Sedan

RMS weighted acceleration, floor/foot interface (g)
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Golden Car Average Rectified
Velocity (GCARV)

Right Roughness Profile (in/sec)
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Floor/Foot Vibration v. GCARV,,: Sedan

RMS weighted acceleration, floor/foot interface (g)
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Transient Ride Metrics

1
4

N
Root Mean Quad Weighted Acceleration:  rmga, {;Zai (E)}
=1

I
i+M-1
Maximum Transient Vibration (MTV): rmsaw_T(_;')[;}z aﬁ,(i)}}

=]

MIV = max(rmsa,, 1(j)), j=1,N-M

max(|a,(j),j=1N)
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| L M
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Source: I1SO 2631/SAE J2834



MTV/rmsa,,, Mid-Sized Sedan

MTV/RMS weighted vertical accel., seat/buttock interface (-)
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MTV versus Peak Localized Roughness

MTYV, seat/buttock interface (g)
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Important Findings

 |RI and measured ride discomfort were correlated.

e Matching simulation speed to travel speed (i.e.,
GCARS,) improved correlation.

* An intensity measure (i.e., GCARV,,) correlated to
ride quality more successfully with changes in
Speed.

e On urban pavements, localized roughness must
be included to quantify functional quality.



Recommendations

* |ncorporate localized roughness into management
of urban pavement systems.

 Consider the use of Golden Car Average Rectified
Velocity (GCARS,)) for functional evaluation of
low-speed pavements.

« Convene an expert task group to discuss practical
Implementation, AASHTO R 54.



Thank you!



Today’s Speakers

e Brian Schleppil,
Brian.Schleppi@dot.ohio.gov
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Get Involved with TRB

Getting involved is free!
Join a Standing Committee u @NASEMTRB
n @NASEMTRB
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— Networking opportunities Research
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TRB turns 100 on November 11, 2020

100ZlYEARS ‘™

- Promote the value of transportation research;

- Recognize, honor, and celebrate the TRB community; and
- Highlight 100 years of accomplishments.

Learn more at

www.TRB.org/Centennial

#TRB100

MOVING IDEAS: ADVANCING SOCIETY—100 YEARS OF TRANSPORTATION RESEARCH
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