
AccessibilityOnline Webinar Series
Surface Roughness and Rollability
August 3, 2017 1

1

Welcome to the AccessibilityOnline 
Webinar Series

A collaborative program between the 

ADA National Network and the 

U.S. Access Board

The Session is Scheduled to begin at 2:30pm Eastern Time

We will be testing sound quality periodically

Audio and Visual are provided through the on-line webinar system.   This 
session is closed captioned.  Individuals may also listen via telephone by dialing 

1-712-432-3100  code 930098  (This is not a Toll Free number)

The content and materials of this training are property of the US Access Board and the Great 
Lakes ADA Center and cannot be used and/or distributed without permission.  This program is 
funded  through  a contract agreement with the U.S. Access Board. For permission to use training 
content or obtain copies of materials used as part of this program please contact us by email at 
adata@adagreatlakes.org or toll free (877)232-1990 (V/TTY)

www.AccessibilityOnline.org

2

Listening to the Webinar
• The audio for today’s webinar is being broadcast through 

your computer. Please make sure your speakers are turned 
on or your headphones are plugged in.

• You can control the audio broadcast via the Audio & Video 
panel.  You can adjust the sound by “sliding” the sound 
bar left or right.

• If you are having sound quality problems check your audio 
controls by going through the Audio Wizard which is 
accessed by selecting the microphone icon on the Audio & 
Video panel 
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Listening to the Webinar, continued

If you do not have 

sound capabilities on 

your computer or 

prefer to listen by 

phone, dial:

1-712-432-3100

Pass Code: 
930098 

This is not a Toll Free number



AccessibilityOnline Webinar Series
Surface Roughness and Rollability
August 3, 2017 2

4

Listening to the Webinar, continued

MOBILE Users (iPhone, iPad, or Android device 
and Kindle Fire HD) 

Individuals may listen** to the session using the 
Blackboard Collaborate Mobile App (Available Free 

from the Apple Store, Google Play or Amazon )

**Closed Captioning is not visible via the Mobile App and limited accessibility for screen reader/Voiceover 
users
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Captioning

• Real-time captioning is provided during this 

webinar.

• The caption screen can be accessed by choosing 

the     icon in the Audio & Video panel.

• Once selected you will have the option to resize 

the captioning window, change the font size and 

save the transcript.
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Submitting Questions

• You may type and submit questions in the Chat Area Text Box or press Control-M and 
enter text in the Chat Area

• If you are connected via a mobile device you                                                                      
may submit questions in the chat area within                                                                                 
the App                                                                                                       

• If you are listening by phone and not logged in to                                                                           
the webinar, you may ask questions by emailing                                                                               
them to webinars@accessibilityonline.org

Please note: This webinar is being recorded and can be accessed on the AccessibilityOnline website at 
www.accessibilityonline.org/Archives within 24 hours after the conclusion of the session.

mailto:webinars@accessibilityonline.org
http://www.accessibilityonline.org/Archives


AccessibilityOnline Webinar Series
Surface Roughness and Rollability
August 3, 2017 3

7

Customize Your View

• Resize the Whiteboard where the Presentation 
slides are shown to make it smaller or larger by 
choosing from the drop down menu located 
above and to the left of the whiteboard.   The 
default is “fit page”
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Customize Your View continued

• Resize/Reposition the Chat, Participant and 
Audio & Video panels by “detaching” and 
using your mouse to reposition or 
“stretch/shrink”.  Each panel may be detached 
using the       icon in the upper right corner of 
each panel.
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Setting Preferences
• Depending on your system settings you may receive visual 

and audible notifications when individuals enter/leave the 
webinar room or when other actions are taken by 
participants.  This can be distracting.

• To turn off notifications (audible/visual)
– Select “Edit” from the tool bar at the top of your screen
– From the drop down menu select “Preferences”
– Scroll down to “General”

• select “Audible Notifications”   Uncheck anything you don’t want to 
receive and “apply”

• Select “Visual Notifications” Uncheck anything you don’t want to 
receive and “apply”

– For Screen Reader User – Set preferences through the setting 
options within the Activity Window (Ctrl+slash opens the 
activity window)
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Technical Assistance

• If you experience any technical difficulties during 
the webinar:
1. Send a private chat message to the host by double 

clicking “Great Lakes ADA” in the participant list. A tab 
titled “Great Lakes ADA” will appear in the chat panel.  
Type your comment in the text box and “enter” 
(Keyboard - F6, Arrow up or down to locate “Great 
Lakes ADA” and select to send a message ); or 

2. Email webinars@accessibilityonline.org ;  or 

3. Call 877-232-1990 (V/TTY) 
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Surface Roughness
and Rollability
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Presenters

Scott Windley Jon Pearlman

mailto:webinars@accessibilityonline.org


AccessibilityOnline Webinar Series
Surface Roughness and Rollability
August 3, 2017 5

13

Agenda

• Access Board Involvement

• Roughness and Rollability

Research Efforts 

• What’s Next

• Questions and Answers
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Access Board’s 
Involvement
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PROW Access Advisory Committee
• The Public Right of Way Access Advisory 

Committee recommended a “reduced vibration 
zone”:
– X02.1.2.2 Reduced Vibration Zone. Within the pedestrian access route, 

there shall be an unobstructed reduced vibration zone meeting the 
requirements of this section. The reduced vibration zone shall be a 
contiguous part of the pedestrian access route that connects to elements 
required to be accessible in Section X02.3, and shall meet the requirements 
set forth in Section X02.1.1 through Section X02.1.7.

• How do we measure the vibration?

• What is too much vibration? Building A True Community
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Pedestrian Pathway 
Research
Jon Pearlman, PhD
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Affiliations

• Positions & Affiliations

– Assistant Professor, Dept. of Rehab Science & Tech.

– Associate Director of Product Innovation & 
Translation, Human Engineering Research Labs

– Biomedical Research Engineer, VA Pittsburgh

– Co-founder and advisor, pathVu

• Equity stake
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Funding Sources

• Veterans Affairs (~$2Million; $200k to JP)

• Access Board ($300,000)

• ICPI & BIA ($200,000; $70k to JP)

• Innovation-related funding for pathVu ($90,000)

– Innovation Works, BNY Mellon, VentureWell
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Mission
To continuously improve the mobility and 

function of people with disabilities through 
advanced engineering in clinical research 

and medical rehabilitation. 
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Pedestrian-related statistics

• 1:3 older Americans trip annually

• TBI most frequently a result of trips/falls (35.2%)

• $30B of direct medical costs are related to falls 
annually

• Among WC users

– Trips/falls are most common source of injury

– 2x more likely to have back or neck pain
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Health Motivation

• WC users experience may have health consequences 
related to vibration
– 60% of WC users report neck pain & discomfort 

– Postural issues are common among WC users

 Vibration Exposure Standards (ISO 
10326 & 2631)

 Provide measurement and 
analysis techniques

 Provide exposure thresholds
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Research Questions

Primary: Are wheelchair users exposed to unsafe 
levels of vibration?

If YES

1) What are the factors that impact risk?
2)  What interventions mitigate the risk?

23

Related Research 
• Roadloads (Van sickle ‘94,’96, ‘97, ’00,’04)

– Developed instrumentation to measure reaction force at caster and propulsion 
wheels of MWC & recorded data in-lab and in-home & during wheelchair testing.

• Seating System Influence (DiGiovine 2000 & 2003)
– Influence of seating system on comfort and vibration exposure in-lab human trials.

• ICPI/BIA (Wolf, Cooper, Pearlman  2004 & 2007)
– Influence of surface features on vibration exposure

• Suspension (MWC: Kwarciak; PWC: Wolf, 2008)
– Influence of suspension system on vibration exposure

• Influence of Cushion (Pearlman, Garcia & Cooper, 2011)
– Characterization of the WC cushion transmissibility

• Community Vibrations (Pearlman, Garcia & Cooper, 2012)
– Evaluation of MWC vibration exposure in the community

• Pathway Roughness of Sidewalks (Pearlman, Duvall, Sinagra, 2013 & 2014)

• Pathway Measurement Tool (Sinagra, Duvall, Pearlman, 2014)

• Pathway Roughness Thresholds (Duvall, Pearlman, Cooper, 2016)

• ASTM Pathway Roughness Standard (2016)

24

Primary Research Question: Tools
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Research Question 1: Answer

– Exposure is mostly within or above caution zone

– Results insensitive to WC type

Health Caution Zone

Site
% 

Below
% 

Within
% Above 

Seat 0 30 70

Back 3 80 17
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Research Question 2: Risk Factors

• Intrinsic Factors

– Wheelchair, cushion, wheelchair user

• Extrinsic Factors

– Sidewalks

27

Intrinsic Factors

• Cushions

– Often amplify vibrations into body (Garcia ‘12)

– Are not selected such that they minimize vibration 
(DiGiovine ‘00) 
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Intrinsic Factors

• Suspension

– Not optimized in manual (Kwarciak) or Power 
Wheelchairs (Wolf)

29

Extrinsic Factors

• Pedestrian Pathways

– Vibration on newly installed segmental pavers 
depends on paver bevel and pattern

– Some paver surfaces are smoother than poured 
concrete

30

Extrinsic Factors
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Outputs & Outcomes

• Extrinsic Factors are determined by US Access 
Board based on ADA & ABA

• Current Guidelines

– Running slope (1:20)

– Cross-slope (1:50)

– Level Changes (1/4”)

– Stable, firm, & Slip Resistant

– Roughness?
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Project Goals 

1. Characterize the relationship between surface roughness, 
vibrations and user-response  

2. Develop ‘threshold’ roughness which is both comfortable 
and safe for users 

3. Design a surface roughness measurement device for 
industry use

4. Promote threshold and relevant measurement techniques 
through publications and standards

Funded by the US Access Board
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Simulated Surfaces

Surface
Roughness 

Index (in/ft)
Crack Frequency 

(in)
Crack Width 

(in)
1 0.20 No cracks 0
2 0.29 12 0.80
3 0.36 8 0.80
4 0.53 12 1.25
5 0.53 4 0.80
6 0.66 8 1.25
7 0.84 8 1.55
8 1.10 4 1.25
9 1.36 8 2.00
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Community Surfaces

35

Outcome Tools

36

Threshold
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Simulated & Community

38

39
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Publications & Standards related to 
Sidewalk Roughness

• Pedestrian Pathway Characteristics and Their Implications on Wheelchair 
Users. Jonathan Pearlman PhD, Rory Cooper PhD, Jonathan Duvall BS & 
Ryan Livingston (2013), Assistive Technology: The Official Journal of 
RESNA.

• Development of Surface Roughness Standards for Pathways Used by 
Wheelchairs Duvall J., Cooper R. A., Sinagra E., Stuckey D., Brown J., 
Pearlman J. , (2013), Transportation Research Record , no. 2387, pp. 
149156

• Proposed Pedestrian Pathway Roughness Thresholds to ensure safety 
and comfort for Wheelchair Users. Duvall, J. Sinagra, E., Cooper, R., J. 
Pearlman (2016), Assistive Technology: The official Journal of RESNA

• Standard Practice for Computing Wheelchair Pathway Roughness Index 
related to User comfort, acceptance and Whole body vibrations from 
longitudinal profile measurements. Proposed in E17.33 subcommittee.
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Tools Developed as part of the work: 
Pathway Measurement Tool (PathMET)

A) funded by US Access Board
B&C)  Funded by ICPI/BIA support
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Output Measurements

• Roughness 

• Lippage/Step Height

• Flatness

• Running Slope

• Cross Slope

• Location (GPS)

• Photograph

• Roughness

44

ASTM 3028 
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Key Contribution of E3028

• Defines key terminology

– Wheelchair Pathway Roughness Index (WPRI)

• Defines measurement approach

– Short & extended distance

– Accuracy expectations

• Provides example computer code to measure 
WPRI from high-resolution profile 
measurements.
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Community Use: WPRI Evaluation 

Measurement (ASTM 3028)

+
Roughness Thresholds*

• < 50mm/m for long (100m) segments

• < 100mm/m for short (3 m) segments

*Proposed Pedestrian Pathway Roughness Thresholds to ensure safety and 
comfort for Wheelchair Users. Duvall, J. Sinagra, E., Cooper, R., J. Pearlman (2016), 
Journal of Assistive Technology
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Example Data (from pathVu)

48

Community use: Navigation

WPRI can be used to developed customized routes for WC users 
based on Route Accessibility Index (RAI)  

Duvall, Jonathan A., Jonathan L. Pearlman, and Hassan A. Karimi. "Development of Route 
Accessibility Index to Support Wayfinding for People with Disabilities." Smart City 360°. 
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What’s
Next

51

Where We Can Go From Here

• Any jurisdiction or entity can make use of the 
ASTM Standard.

• The Board could propose to use the findings in 
a future rulemaking.

• The Final Report of the Research is available 
on our website https://www.access-
board.gov/research/completed-
research/surface-roughness-final-report

https://www.access-board.gov/research/completed-research/surface-roughness-final-report


AccessibilityOnline Webinar Series
Surface Roughness and Rollability
August 3, 2017 18

52

Questions?

You may type and submit questions in the 

Chat Area Text Box or press Control-M 

and enter text in the Chat Area
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Continuing Education
AIA Provider Number: I017

Course Title:   Surface Roughness and Rollability
AIA Course Number:  GL20170803 
Date: August 3, 2017

Credits earned on completion of this course will be reported to AIA CES for AIA members. 
Certificates of Completion are available upon request.

This course is registered with AIA, for continuing professional education. As such, it does 
not include content that may be deemed or construed to be an approval or endorsement 
by the professional organizations of any material of construction or any method or manner 
of handling, using, distributing, or dealing in any material or product.
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U.S. Access Board

(800) 872-2253 (voice)

(800) 993-2822 (TTY)

E-mail: ta@access-board.gov

www.access-board.gov
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Thank you for participating 
in today’s webinar

Next session:  

September 7, 2017

Open Q & A

www.accessibilityonline.org

(877) 232-1990 (v/TTY)


