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Purpose  

Discuss how to balance the issues of public safety and community 
noise with highway rumble strips. The presenters will focus on the 
practices relative to installation of rumble strips in a manner that 
will minimize community noise. 
 

Learning Objectives 

At the end of this webinar, you will be able to: 
• Understand how rumble strips enhance traffic safety  
• Describe approaches to install rumble strips in ways to potentially 

minimize community noise  
• Identify methods to quantify noise levels and operator 

disturbance  



PDH Certificate Information 

• This webinar is valued at 1.5 Professional Development Hours 
(PDH) 

• Instructions on retrieving your certificate will be found in your 
webinar reminder and follow-up emails 

• You must register and attend as an individual to receive a PDH 
certificate 

• TRB will report your hours within one week 
• Questions? Contact Reggie Gillum at RGillum@nas.edu  



All Attendees Are Muted 



Questions and Answers 

• Please type your 
questions into your 
webinar control panel 
 

• We will read your 
questions out loud, and 
answer as many as 
time allows 



Can’t locate the GoToWebinar 
Control Panel?  



Having Trouble Logging On? 



Panelists Presentations 

 
http://onlinepubs.trb.org/onlinepubs/webinars/170328.pdf 

 
After the webinar, you will receive a follow-up email 

containing a link to the recording 

http://onlinepubs.trb.org/onlinepubs/webinars/141023.pdf
http://onlinepubs.trb.org/onlinepubs/webinars/160818.pdf


Today’s Participants 
 
 

 

• Judith Rochat, ATS Consulting, jrochat@atsconsulting.com   
• Cathy Satterfield, Federal Highway Administration, 

Cathy.Satterfield@dot.gov  
• Bruce Rymer, California Department of Transportation, 

bruce_rymer@dot.ca.gov   
• Paul Donavan, Illingworth & Rodkin Inc.,  

pdonavan@illingworthrodkin.com   
 

 

 

 
  
 

mailto:jrochat@atsconsulting.com
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mailto:bruce_rymer@dot.ca.gov
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Get Involved with TRB 
 
• Getting involved is free! 
• Join a Standing Committee  (http://bit.ly/2jYRrF6) 

– ADC40 (Transportation-Related Noise and Vibration)  
• Become a Friend of a Committee 

(http://bit.ly/TRBcommittees) 
– Best way to become a member 
– Ultimate networking opportunity 

• For more information: www.mytrb.org  
– Create your account 
– Update your profile 

97th TRB Annual Meeting: January 7-11, 2018 

http://bit.ly/2jYRrF6
http://bit.ly/2jYRrF6
http://bit.ly/TRBcommittees
http://www.mytrb.org/
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Outline 

• Introduction 

 

• Federal Highway Administration (FHWA)’s rumble strip program 

 

• California Department of Transportation (Caltrans)’s experience 
with rumble strips 
 

• Quantifying noise and operator disturbance from rumble strips 

 

• Question and answer session 
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Learning Objectives 

• Understand how rumble strips enhance safety 

 

• Describe approaches to install rumble strips in ways to potentially 
minimize community noise 

 

• Identify methods to quantify noise levels and operator disturbance 
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What’s a rumble strip? 
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• A safety feature to alert inattentive drivers 

 

• Grooves or bumps that cause noise or shaking when driven over 

 

• Otherwise known as … 
• Roadway departure warning indicators 
• Sleeper lines 
• Alert strips 
• Drift lines 

 



Types of rumble strips 

• Basic types 
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        milled                      rolled                    formed        raised 

• Rumble strips can successfully decrease vehicle collisions or run-
off-the-road crashes 

• Main applications: centerline and shoulder 



Rumble strip side effects 

• Traditional designs + numerous vehicle strikes 

   = NOISY 
… can lead to annoyed and possibly sleep-deprived 
neighbors 

 

• Challenge for bicycle safety 

 

6 



• Roadway Departure Warning Indicators: Synthesis of Noise and 
Bicycle Research 
• Natural Resource Technical Report 2013/780  
• Work completed in 2011 

 

• Literature review findings 
• No consistent noise measurement technique 
• Limited literature in relation to wayside noise 
• Can extract/glean low-noise parameters for traditional and experimental 

rumble strip types 
 

National Park Service report 
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Design elements to minimize noise and maximize bicycle safety 
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shallow depth 

narrow width 

large spacing 

include gap 

include offset 
short length 

large clearance 

Graphic: J Rochat, “Motorcycle noise and quieter pavement research in recreational areas,” TRB ADC40 summer meeting 2012; based on NPS report 
 



Suggested low-noise parameters 

• Traditional type: rectangular 

 

 

 

 

 
• Experimental type: sinusoidal 
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Length (in) Depth (in) Spacing (in) Width (in) 

Offset (ft) 

Gap (ft) Outward 
from edge 

of lane 

Inward 
from edge 

of 
pavement 

≤ 8 0.25 24 8 1 4 
12 for every 

60 

Wavelength (in) 
Peak-to-

peak depth 
(in) 

Length (in) 

Offset (ft) 

Gap (ft) Outward 
from edge 

of lane 

Inward 
from edge 

of 
pavement 

Road speed/37* 0.16, 
0.28** 

tire width? 1 4 
12 for every 

60 

*It is suggested that 14 in. may be ideal regardless of speed 
**Both providing low-noise outcomes 



Other considerations 

• Interior noise/vibration must effectively warn drivers 
• Literature shows 4-10 dB increase in sound level required 

NOTE: This is relative to standard pavement; if the highway pavement is 
loud, rumble strips would need to provide a higher absolute sound level 

• Sinusoidal single-frequency oscillation provides vehicle movement feedback 
 

• Bicycle safety 
• Need adequate riding space in shoulder (4 ft from edge of pavement) 
• Need gaps for exiting and entering bicyclists (12 ft gap for every 60 ft of rumble 

strip) 
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Cathy Satterfield 
FHWA Office of Safety 

FHWA Rumble Strip 
Implementation Efforts 



Crash Trends 

2 

2015 Fatalities: 35,092 (↑2,348 ) 
2014 RwD Fatalities: 17,791 (↑ 877 ) 

A Roadway Departure occurs when a vehicle crosses the center line or 
edge line, or leaves the travel path on an unmarked roadway. 



Roadway Departure Emphasis Areas 
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18,275 RwD Fatalities  
54% of all traffic fatalities 

(3-year average) 

RwD Fatalities RwD Serious Injuries 

16,356 

10,743 

9,160 

4,249 

4,890 

5,718 

5,812 

5,014 

  (GES 2011-2013) 

27% 

17% 

15% 

FARS 2013-2015 



Objectives 
1. Keep vehicles on the road, in 

their lane 
2. Provide opportunities to 

come to safe re-entry or stop 
after a roadway departure 

3. Reduce the severity of 
crashes that occur 

Methods 
• “Hot Spot” Improvements 
• Systemic Safety Improvements 
• Comprehensive Improvements 

– Engineering 
– Enforcement 
– Education (behavior 

modification) 
– EMS 

Objectives and Methods 
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4,715 
26% 

Head-on 

Center Line Rumble Strips 

Crash Reduction: 44.5% of 
fatal and injury head-ons 

(for rural 2-lane roads) 

Few countermeasures address cross-center crashes 



Edge Line or Shoulder Rumble Strips 
Crash Reduction: 36.4% of 

fatal and injury SVRORs  
(for rural 2-lane roads) 

Addresses two emphasis areas 

4,758 
26% 

3,469 
19% 

1,165 
6% 

901 
5% 

723 
4% 

Rollover 

Trees 

Signs, Poles, 
etc. 



Edge and Center Rumbles 
Crash Reductions 

on  
Rural 2-lane Roads 

Total: 20% 

Injury: 23% 

ROR: 26% 

Opp Dir: 30% 



Why not put rumble strips on all roads? 

• NOISE 
 

• BICYCLE ACCOMMODATION 
 

• PAVEMENT/DURABILITY 



Flexibilities in Rumble Design to address 
Noise Issues: 
• Shoulder rather than Edge Line 
• Increasing Offset in curves and/or truck corridors 
• Discontinue at intersections and major driveways 
• Discontinuing in “Urban Areas” 

– Many states use speed limit as surrogate 
– Housing or driveway density 

• Experimental 
– Adjust spacing 
– Sinusoidal design 



Maintaining Alerting Noise 
and Vibration 

• Measurement accuracy and 
range 

• Comparing Noise/Vibration 
from various Studies 

• Predictive Models 
• Safety Studies 

 

Measuring External Noise 

• Measurement 
– Methods 
– Equipment 

• Comparing Studies 
• Models? 

 

Mitigating Rumble Strip Noise 

RESEARCH NEEDS? 



Rumble Strip Resources 
FHWA GUIDANCE 
Technical Advisories 
• TA 5040.39 Shoulder and Edge 

Line Rumble Strips 
• TA 5040.40 Center Line 

Rumble Strips 
RESEARCH 
• NCHRP Report 641 Guidance 

for the Design and Application 
of Shoulder and Center Line 
Rumble Strips  

 



Newer Resources Focus on Two Lane Roads 

• Updated Website 
• Comprehensive FAQs 
• Implementation Guides and Fact Sheets 

– Noise 
– Bicycles 
– Pavement/Maintenance 

• Decision Support Guide  
 



Rumble Strip Implementation on Two-
Lane, Two-Way Roads  

We welcome your comments! 
 

Cathy Satterfield 
Office of Safety 

Adam Alexander 
Office of Environment 

Cathy.Satterfield@dot.gov Adam.Alexander@dot.gov 
(708) 283-3552 (202) 366-6799 

FHWA Rumble Strip Website: 
http://safety.fhwa.dot.gov/roadway_dept/pavement/rumble_strips/  

mailto:Cathy.Satterfield@dot.gov
mailto:Richard.Albin@dot.gov
http://safety.fhwa.dot.gov/roadway_dept/pavement/rumble_strips/


Bruce Rymer 
Senior Engineer 
Division of Environmental Analysis 
California Department of Transportation 
Sacramento, CA 
 

Rumble Strip Design Needs 

• Maintain or Increase Interior Sound & Vibration Levels 
• Lower Roadside Noise Levels 
• Bicycle Friendly 
• Fit Within Roadway Cross Section 
• Limit Depth of Material Removal 
• Cost effective 
• Easy to Construct 



Tire Contact Patch 
Dimensional Considerations 



Forcing Frequency 



Recommended Design 

Wavelength 
75.4 Repetitions per 
second at 60 mph 

(75.4 Hz) 



Warning Strips 
Evaluated 

“Mumble” strip:   
14” O.C., sinusoidal profile,  

p-p depth 5/16” 

Conventional ground rumble strip:  
12” O.C., 5/16 depth, 5” edge to edge 

4” Dia Dots:   
12” O.C.,  

5/8 – 13/16” tall 



Test Vehicles 
• Chevrolet Malibu 
• Honda Civic 
• Ford Expedition 
• Ford Fusion 
• International 4 Yard 

Dump Truck 
 

• 20 mph, 40 mph, 60 mph 
• On & Off Rumble Strips 
• Some tire swaps 
• Two separate measurement studies 



Exterior Noise Measurements 

Pass-by Noise 
25 ft from centerline of test 
vehicle path, on & off strips 

Exterior Noise 

Microphone 

On-board above 
right rear wheel well 

Microphone 



Interior Noise Measurements 

Interior Noise 
Passenger head 

position 

Interior Noise 
Middle of truck 

cab 



Vibration Measurements 

Seat Track 
Right front passenger seat 

track rail – measures 
vehicle structural response 

Steering Column 
Indicates input to 

driver’s hands on the 
steering wheel 



Pass-by Noise on Mumble Strips  
Repetition Rate of 
Strips at 60 mph 

2x Rate 



Mumble & Ground Strip Pass-by Noise 

Mumble Strip Ground Strip 





Interior Sound Levels 



Seat Track 
Acceleration 

in dB re 1µm/m2 



Steering 
Column 

Acceleration 
in dB re 1µm/m2 





• Mumble Strip achieved design goal 
Lowered exterior noise 
Provided sufficient driver input  

• Interior N&V response varies w/ vehicle 
• Performance maintained at other speeds   
• Mumble strip design could be modified 
• ‘Flat topping’ sinusoidal pattern increases noise 
• Haptic  input  doesn’t compete w/ interior audio systems 
• Develop acoustic guidance for locating near sensitive 

receptors 
• Caltrans will finalize Mumble Strip Study & make available 

to public 

Conclusions 
&  

Summary   



Quantifying Noise & Operator 
Disturbance from Rumble Strips 

Paul Donavan 
Illingworth & Rodkin, Inc. 



Measurement Needs 

Operator Warning 
• Acoustic – interior noise 
• Tactile input – through operator seat & steering 

wheel 

Exterior Noise  
• Statistical Independent Pass-by (SIP) 
• Surrogate exterior measurement 

On & Off Rumble Strips 



Interior Noise Measurement 

• Ideally operator 
head location 

• Use front 
passenger head 
 Avoids head 

reflection & 
shielding  

 No interference 
with the operator 



Interior Cavity Modes - #1 

Pressure 
Maximum Pressure 

Maximum 

Pressure  
Minimum 



On-Board Data Processing 
Select run & time block 
on strips 

Select run & time block 
off strips 

Sound Level vs. Time 

Average ⅓ octave band spectra in 
time blocks & compare on & off 

strips 
Sound Level vs. Frequency 



Mumble & Ground Strip Interior Noise 

Mumble Strips Ground Strips 



Seat Track 
Acceleration 

• Vertical axis primary input to 
seat 

• Access to similar location can 
be an issue 

• Outboard  vs. inboard 
• Passenger vs. Driver seat 



Alternative Seat 
Input 

Measurement 
Methods 



Steering Column Accelerometer Locations   



Steering Column Accelerometer Locations   

Expedient Location 
• Easy to secure 
• No interference with driver 
• Measures response of steering 

column + plastic cover 
 

Idealized Location 
• Mounted on steering wheel 
• Measures on 3 axis 
• Interferes with driving 
• Needs secure mounting 



Mumble Strip Interior Noise & Seat 
Track Acceleration 

Interior Noise Seat Track Acceleration 



Mumble Strip Interior Noise & Steering 
Column Acceleration 

Interior Noise Steering Column Acceleration 



Ground Rumble Strip Interior Noise & 
Steering Column Acceleration 

Interior Noise Steering Column Acceleration 



Exterior Noise Measurements 
Pass-by Noise 

• Follow AASHTO SIP Method 
• 25 ft from centerline of test vehicle 

path, on & off strips 
• Keep vehicle on strips 

Microphone 



Pass-by Data Processing 
Select maximum levels 
 on & off strips 
 

Sound Level vs. 
Time 

Average maximum ⅓ octave band 
spectra on the strip  & off 

Sound Level vs. 
Frequency 



Mumble & Ground Strip Pass-by Noise 

Mumble Strips Ground Strips 



Surrogate Exterior Measurement 

• Eliminate more time consuming 
pass-by measurements 

• Conduct measurements all at the   
same 

• Correlate surrogate to pass-by 
much like OBSI to pass-by 

 



Exterior Noise Measurements 

• Initial attempt using 
AASHTO OBSI 

• Abandoned due to 
excessive probe 
vibration 

• Second (crude) attempt 

• Sound pressure level 
above rear tire 

• Provided acceptable 
signal to noise ratio 

Microphone 



Rumble Strip Tire Noise  
Sound Intensity 

• Severe vibration 
problems initially 

• Remedied with isolated 
mounts & holders 

• Measurement shows 
intensity is all negative 
& not coming from tire 

• Potential to use sound 
pressure level instead 



OBSI Pressure & Exterior Noise – Fusion 
with SRTT & Goodyear Tires 

OBSI Sound Pressure Level Exterior Noise Level 



OBSI Pressure & Pass-by Noise – Fusion 
with SRTT & Goodyear Tires 

OBSI Sound Pressure Level Pass-by Noise Level 



Approximate Size of a Wavelength at 75 Hz 



Panel Vibration 
Measurements 

Front Fender 

Rear Door Rear Fender 



Increase in Level On/Off Strips 
Panel Vibration & Pass-by Noise 



Ford Fusion Test 
Tires 

SRTT (Uniroyal) 

Eagle LS2 (Goodyear) 



Comparison of Tires – Ford Fusion 



Overall Noise & Vibration Results 



Difference in Noise & Vibration Levels On & Off Strips 

Performance Goal? 



Interior Noise Levels on Various Pavements 



Rumble Strip Evaluations Issues 

• Response to rumble strips varies with different 
vehicles and tires 

• Validation of rumble designs requires both noise & 
vibration measurements 

• Other vibration measurement methods should be 
evaluated 

• No surrogate (yet) for pass-by measurements 

• Setting rumble strip performance standards 
requires standardized evaluation methods 
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