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Valid measurement of longitudinal profile is at the core of the 
approach.

• Reproducibility/Time Stability

• Versatility

• Diagnostics

Characterization of the roughness will depend on profile, not the 
roughness source. 

• Vehicle response (e.g., ride) is of primary importance.

• Tools are needed to identify roughness sources.

NCHRP 10-93 Approach
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•Relate objective measurement of ride vibration 
on urban and low-speed roads to roughness.

•Use standard measures of “discomfort” caused 
by vibration.

•Seek correlation to roughness.

Ride Experiment
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• 29 Test sections

• 6 routes

• functional class 3 and 4

• speed limit 30-55 mph

Ride Experiment

Source: NCHRP Rpt. 914
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Test Vehicles

Source: NCHRP Rpt. 914
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Instrumentation: 
Driver/Vehicle 
Interface
Accelerations

Source: NCHRP Rpt. 914
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Instrumentation: Profiler

Source: NCHRP Rpt. 914
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Accelerometer Output

Source: NCHRP 10-93



PE 2019

SAE 2834/ISO 2631 Frequency Weighting

Source: NCHRP Rpt. 914
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SAE 2834/ISO 2631 Frequency Weighting

Source: NCHRP Rpt. 914
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“Rough” Ride Metrics

Source: ISO 2631/SAE J2834
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* Stay tuned for “Transient” metrics.
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“Golden Car” Model

Sayers, M.W., “On the Calculation of International 
Roughness Index from Longitudinal Road Profile.” 
Transportation Research Record 1501 (1995) pp. 1-
12.
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Golden Car Frequency Response

© Copyright University of Michigan
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Correlation to Discomfort

Source: NCHRP Rpt. 914

Left IRI:

MRI:
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Correlation to Discomfort

Source: NCHRP Rpt. 914

GCARS35:

GCARVV:
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Left IRI versus Floor/Foot Acceleration

Source: NCHRP Rpt. 914

R2 = 0.799
RMS resid. = 0.0064 g
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GCARS35 versus Floor/Foot Acceleration

Source: NCHRP 10-93

R2 = 0.866
RMS resid. = 0.0052 g
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GCARVV versus Floor/Foot Acceleration

Source: NCHRP 10-93

R2 = 0.899
RMS resid. = 0.0046 g
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•Limited test vehicles.

•Other responses.

•Thresholds.

• Passengers.

• Localized roughness.

Technical Issues
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IRI Generality
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Other Responses

Source: NCHRP Rpt. 914
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Other Locations
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Thresholds: Meaning of “inches/mi”
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Karamihas, S.M., “Simulation Speed and Its 
Implications to the Relevance of the IRI.” American 
Society for Testing and Materials STP 1555 (2012)  
pp. 248–266.
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Transient Ride Metrics

Source: ISO 2631/SAE J2834

Root Mean Quad Weighted Acceleration:

Maximum Transient Vibration:

Crest Factor:
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MTV/rmsaw, Mid-Sized Sedan

Source: NCHRP Rpt. 914
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MTV versus Peak Localized Roughness

Source: NCHRP Rpt. 914
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• IRI correlated to measures of ride discomfort on low-
speed and urban roadways, but better correlation is 
possible.

• A shift toward shorter wavelengths improved 
correlation. 

• Optimizing correlation for limited conditions is not 
recommended.

• Localized roughness must be considered to quantify 
functional quality.

Summary
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• Can a new scale be accommodated?

• Should we avoid a scale in inches/mi?

• Should we be using a relative or absolute measure of 
localized roughness?

• How shall we establish new thresholds?

• What is a higher priority, functional status or 
pavement health?

Discussion Points
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The Report…...

Download NCHRP Report 914

Thank you!!!!

http://www.trb.org/Publications/Blurbs/179566.aspx
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Built-In Roughness: 
Hit or Miss Utility 
Cover

Source: NCHRP Rpt. 914
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Built-In Roughness: Compound Event

Source: NCHRP Rpt. 914
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Built-In Roughness: Compound Event

Source: NCHRP Rpt. 914
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