American Association of State Highway and Transportation Officials















Manual for

Assessing


Safety




2	0	0	9


Hardware




[image: ][image: ]American Association of State Highway and Transportation Officials



[image: ]Manual for Assessing Safety Hardware

2009


ii | Manual for Assessing Safety Hardware


























































© 2009, by American Association of State Highway and Transportation Offi cials. All rights reserved. This book, or parts thereof, may not be reproduced in any form without written permission of the
publisher. Printed in the United States of America.


Publication Code: MASH-1


ISBN: 978-1-56051-416-9

|  iii










AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS EXECUTIVE COMMITTEE
20082015–20092016


President: Allen D. Biehler, P.E., PennsylvaniaPaul Trombino, Iowa 
Vice President: Larry L. “Butch” Brown, MississippiDavid Bernhardt, Maine Secretary/Treasurer: Carlos Braceras, Utah

Regional Representatives REGION I
Carolann D. Wicks, DelawareLeslie Richards, Pennsylvania, One-Year Term Joseph Marie, ConnecticutPete Rahn, Maryland, Two-Year Term

REGION II
Larry L. “Butch” Brown, MississippiPaul Mattox, West Virginia, One-Year Term                               Dan Flowers, ArkansasCharles Kilpatrick, Virginia, Two-Year Term

REGION III
Kirk T. Steudle, P.E., MichiganCharles A. Zelle, Minnesota, One-Year Term Nancy J. Richardson, IowaRandall S. Blankenhorn, Illinois,Two-Year Term

REGION IV
(Vacant)Brian Ness, Idaho, One-Year Term
Paula Hammond, WashingtonCarlos Braceras, Utah, Two-Year Term


Non-Voting Members
Immediate Past President: Pete K. Rahn, Missouri Vacant                            Executive Director: John HorsleyBud Wright, Washington, DC

iv | Manual for Assessing Safety Hardware



HIGHWAYS SUBCOMMITTEE ON DESIGN 2016


Carlos Braceras, Utah, Chair   Joyce Taylor, Maine, Vice Chair Robert Mooney, FHWA, Secretary Patricia Bush, AASHTO Liaison


ALABAMA, William Adams, Rex Bush, William Kelly ALASKA, Mark Neidhold, Kenneth Morton
ARIZONA, Steve Boschen, Annette Riley
ARKANSAS, Mike Fugett, Trinity Smith    CALIFORNIA, Timothy Craggs, Cathrina Barros
COLORADO, Neil Lacey
CONNECTICUT, Scott Hill, Rabih Barakat, Timothy Wilson DELAWARE, Brian McIlvaine, Mark Tudor
DISTRICT OF COLUMBIA, Zahra Dorriz
FLORIDA, Michael Shepard, Paul Hiers
GEORGIA, Brent Story, Andy Casey HAWAII, Julius Fronda
IDAHO, Jesse Barrus
ILLINOIS, Michael Brand
INDIANA, John Wright, Jeff Clanton
IOWA, Michael J. Kennerly, Deanna Maifi eld
KANSAS, Scott King
KENTUCKY, Bradley Eldridge, Robert Caudill
LOUISIANA, Chad Winchester, Simone Ardoin, David Smith
MAINE, Brad Foley, Steve Bodge, Charles Hebson
MARYLAND, Jason Ridgway,Eric Marabello, Angela Smith MASSACHUSETTS, Hasmukh Patel
MICHIGAN, Kristin Schuster MINNESOTA, Chris Roy
MISSISSIPPI, James Pittman, Amy Mood, David Seal MISSOURI, Eric Schroeter
MONTANA, Lesly Tribelhorn, James Combs
NEBRASKA, Michael Owen
NEVADA, Paul Frost, Kristena Shigenaga NEW HAMPSHIRE, James Marshall
NEW JERSEY, Richard Jaffe
NEW MEXICO, Gabriela Contreras-Apodaca, Richard Pena
NEW YORK, Richard Lee, Richard Wilder, Stephen Zargham
NORTH CAROLINA, Glenn Mumford, Judith Corley-Lay
NORTH DAKOTA, Roger Weigel

OHIO, David Slatzer
OKLAHOMA, Tim Tegeler
OREGON, David Joe Polly
PENNSYLVANIA, Melissa Batula
PUERTO RICO, Luis Santos, José E. Santana-Pimentel RHODE ISLAND, Vincent Palumbo
SOUTH CAROLINA, Ladd Gibson, Rob Bedenbaugh, 
James Kendall, Jr.
SOUTH DAKOTA, Mark A. Leiferman
TENNESSEE, Jennifer Lloyd, Ali Hangul, Jeff Jones
TEXAS, Mark A. Marek
UTAH, Ben Huot, Fred Doehring, George Lukes
VERMONT, Kevin Marshia, Jesse Devlin, Kenneth Robie
VIRGINIA, Barton A. Thrasher, Robert H. Cary, 
Mohammad Mirshahi, 
WASHINGTON, Edward Carpenter, Nancy Boyd, 
Michael Flemming
WEST VIRGINIA, RJ Scites, Dirar Ahmad, Chad Toney WISCONSIN, Jerry H. Zogg
WYOMING, Andrea Allen, Sandra Pecenka


ALBERTA, Moh Lali
SASKATCHEWAN, Sukhy Kent

KOREA, Chan-Su “Chris” Reem

TEXAS TRANSPORTATION INSTITUTE, Paul Carlson
VIRGINIA TECH TRANSPORTATION INSTITUTE,
Ronald Gibbons

AASHTO - Marty Vitale, Liaison



|  v

HIGHWAYS SUBCOMMITTEE ON BRIDGES AND STRUCTURES 2013
Gregg Fredrick, Wyoming, Chair Bruce Johnson, Oregon, Vice Chair
Joseph Hartman, FHWA, Secretary
Patricia Bush, AASHTO Liaison



ALABAMA, William Colquett, Eric Christie, Blake Mullins
ALASKA, Richard A. Pratt
ARIZONA, David Eberhart, David Benton, Pe-Shen Yang 
ARKANSAS, Charles Richard Ellis
CALIFORNIA, Thomas Ostrom, Susan Hida, Dolores Valls
COLORADO, Behrooz Far, Stephen Harelson,
Jessica Martinez
CONNECTICUT, Timothy Fields
DELAWARE, Barry A. Benton, Jason Hastings
DISTRICT OF COLUMBIA, Konjit “Connie” Eskender,
Donald Cooney, Richard Kenney
FLORIDA, Sam Fallaha, William Potter, Jeffrey Pouliotte
GEORGIA, Bill DuVall
HAWAII, Vacant
IDAHO, Matthew M. Farrar
ILLINOIS, Carl Puzey, Tim Armbrecht
INDIANA, Anne M. Rearick
IOWA, Norman L. McDonald, Ahmad Abu-Hawash
KANSAS, Mark Hoppe, John Jones
KENTUCKY, Mark Hite, Marvin Wolfe
LOUISIANA, Paul Fossier, Arthur D’Andrea, 
Zhengzheng “Jenny” Fu
MAINE, Wayne Frankhauser, Jeffrey S. Folsom, 
Michael Wight
MARYLAND, Earle S. Freedman, Jeffery Robert,
Gregory Roby
MASSACHUSETTS, Alexander K. Bardow,
Thomas Donald, Joseph Rigney
MICHIGAN, David Juntunen, Matthew Chynoweth
MINNESOTA, Arielle Ehrlich, Kevin Western
MISSISSIPPI, Justin Walker, Austin Banks, Scott Westerfield
MISSOURI, Dennis Heckman, Scott Stotlemeyer MONTANA, Kent M. Barnes, David Johnson
NEBRASKA, Mark Traynowicz, Mark Ahlman, Fouad Jaber
NEVADA, Jessen Mortensen, Troy Martin
NEW HAMPSHIRE, David L. Scott, Peter Stamnas 
NEW JERSEY, Nagnath “Nat” Kasbekar, 
Xiaohua Hannah Cheng, Eli Lambert III
NEW MEXICO, Ray Trujillo, Ted Barber, Jeff Vigil
NEW YORK, Richard Marchione, Wahid Albert
NORTH CAROLINA, Thomas Koch, Brian Hanks, 
Scott Hidden
NORTH DAKOTA, Terrence R. Udland

OHIO, Timothy J. Keller, Alexander Dettloff 
OKLAHOMA, Steven Jacobi, Walter Peters 
OREGON, Tanarat Potisuk, Hormoz Seradj 
PENNSYLVANIA, Thomas P. Macioce, James Long, Lou Ruzzi
PUERTO RICO, Vacant
RHODE ISLAND, Georgette Chahine
SOUTH CAROLINA, Terry Koon, Barry W. Bowers, Jeff Sizemore SOUTH DAKOTA, Steve Johnson
TENNESSEE, Wayne Seger, John Hastings
TEXAS, Gregg Freeby, Bernie Carrasco, Jamie Farris
UTAH, Carmen Swanwick, Cheryl Hersh Simmons
VERMONT, Wayne Symonds, James LaCroix VIRGINIA, Kendal Walus,, Prasad L. Nallapaneni
WASHINGTON, Thomas Baker, Tony M. Allen, Bijan Khaleghi 
WEST VIRGINIA, Billy Varney, Ahmed Mongi
WISCONSIN, Scot Becker, William Dreher, William Olivia
WYOMING, Mike Menghini, Paul Cortez

DELAWARE RIVER AND BAY AUTHORITY, Shoukry Elnahal
GOLDEN GATE BRIDGE, Kary H. Witt
MARYLAND TRANSPORTATION AUTHORITY, Dan Williams
NJ TURNPIKE AUTHORITY, Richard J. Raczynski NY STATE BRIDGE AUTHORITY, William J. Moreau
PENNSYLVANIA TURNPIKE COMMISSION, James Stump
 WARREN COUNTY ENGINEERING DEPT., Neil Tunison

KOREA EXPRESSWAY CORPORATION,  Eui-Joon Lee, 
Sang-Soon Lee
SASKATCHEWAN, Howard Yea

TRANSPORTATION RESEARCH BOARD, Waseem Dekelbab

U.S. ARMY CORPS OF ENGINEERS, Phillip Sauser,
Christopher Westbrook
U.S. COAST GUARD, Kamal Elnahal
U.S. DEPARTMENT OF AGRICULTURE—FOREST
SERVICE, John R. Kattel

AASHTO - Marty Vitale, Liaison
vi | Manual for Assessing Safety Hardware



TECHNICAL COMMITTEE ON ROADSIDE SAFETY 2016


Keith A. Cota, New Hampshire, Chair Chris Poole, Iowa, Vice Chair
Nicholas Artimovich, II, FHWA, Secretary
Kelly Hardy, AASHTO Liaison


Representatives from the Subcommittee on Design

Kevin Herritt, California
C. Andy Casey, Georgia
Scott King, Kansas
Jason Siwula, Kentucky
Paul Fossier, Jr., Louisiana
Teri Soos, Maryland
Alexander Bardow, Massachusetts
Michael Elle, Minnesota
Arielle Ehrlich, Minnesota
David Bizuga, New Jersey
Bradley Bortnick, New York
Bucky Galloway, North Carolina
Bernie Clocksin, South Dakota
Christopher Lindsey, Texas
Alex Price, Virginia
Erik Emerson, Wisconsin
William Wilson, Wyoming


Members from the U.S. Department of Transportation
Richard Albin, FHWA
Eduardo Arispe, FHWA
Frank Julian, FHWA
Will Longstreet, FHWA

Associate Member—International
Mark Ayton, Ontario


Associate Member—Other
Mark Bush, TRB

AASHTO
Kevin Sablan, Liaison
HIGHWAYS SUBCOMMITTEE ON DESIGN 2008


Carolann D. Wicks, Delaware, Chair Richard Land, California, Vice Chair Dwight A. Horne, FHWA, Secretary Jim McDonnell, AASHTO Liaison


ALABAMA, Steven E. Walker, Rex Bush, William Adams ALASKA, Mark Neidhold, Robert Campbell
ARIZONA, Mary Viparina
ARKANSAS, Phillip L. McConnell, Charles D. Clements CALIFORNIA, Terry L. Abbott
COLORADO, Tim Aschenbrener
CONNECTICUT, James H. Norman, Michael W. Lonergan DELAWARE, Michael H. Simmons, Michael F. Balbierer,
James M. Satterfi eld
DISTRICT OF COLUMBIA, Zahra Dorriz, Allen Miller, Said Cherifi
FLORIDA, James Mills, David O’Hagan, Lora B. Hollingsworth
GEORGIA, James “Ben” Buchan, Brent Story HAWAII, Julius Fronda
IDAHO, Loren D. Thomas, Nestor Fernandez ILLINOIS, Charles J. Ingersoll
INDIANA, Gary Mroczka, Jeff Clanton, Merril E. Dougherty IOWA, Michael J. Kennerly, David L. Little, Deanna Maifi eld KANSAS, James O. Brewer, Lamonte C. Armstrong KENTUCKY, David Kratt, Robert D. Martin, Jeff D. Jasper LOUISIANA, Lloyd E. Porta, Nicholas Kalivoda
MAINE, Todd Pelletier MARYLAND, Kirk G. McClelland MASSACHUSETTS, Stanley Wood MICHIGAN, Mark A. Van Port Fleet MINNESOTA, Mukhtar Thakur
MISSISSIPPI, John M. Reese, C. Keith Purvis, Amy Mood MISSOURI, David B. Nichols, Kathryn P. Harvey MONTANA, Paul R. Ferry, Lesly Tribelhorn
NEBRASKA, James J. Knott, Ted Watson NEVADA, Paul K. Sinnott, Daryl N. James NEW HAMPSHIRE, Craig A. Green
NEW JERSEY, Brian J. Strizki, Richard W. Dunne, Richard Jaffe
NEW MEXICO, Joe S. Garcia, Gabriela Contreras-Apodaca

NEW YORK, Daniel D’Angelo, Richard W. Lee
NORTH CAROLINA, Deborah M. Barbour, Jay A. Bennett, Art McMillan
NORTH DAKOTA, Mark Gaydos, Roger Weigel OHIO, Timothy McDonald, Dirk Gross OKLAHOMA, Tim Tegeler
OREGON, David Joe Polly, Steven R. Lindland PENNSYLVANIA, Brian D. Hare
PUERTO RICO, Luis Santos, José E. Santana-Pimentel RHODE ISLAND, Vacant
SOUTH CAROLINA, John V. Walsh, Mark Lester, Matt Lifsey SOUTH DAKOTA, Mark A. Leiferman, Michael Behm TENNESSEE, Jeff C. Jones, Michael Agnew
TEXAS, Mark A. Marek
U.S. DOT, Rick Marinelli (FAA)
UTAH, James C. McMinimee, Michael Fazio, Jesse Sweeten VERMONT, Kevin Marshia
VIRGINIA, Mohammad Mirshahi, Barton A. Thrasher, Robert H. Cary
WASHINGTON, Pasco Bakotich, Nancy Boyd, Dave Olson WEST VIRGINIA, Jason C. Foster, Gregory Bailey WISCONSIN, Jerry H. Zogg
WYOMING, Paul P. Bercich, Tony Laird


ALBERTA, Moh Lali
BRITISH COLUMBIA, Richard Voyer ONTARIO, Joe Bucik SASKATCHEWAN, Sukhy Kent

KOREA, Chan-Su “Chris” Reem

NJ TURNPIKE AUTHORITY, J. Lawrence Williams PORT AUTHORITY OF NY AND NJ, Scott D. Murrell U.S.DEPARTMENT OF AGRICULTURE—FOREST
SERVICE, Ellen G. LaFayette

|  v

HIGHWAYS SUBCOMMITTEE ON BRIDGES AND STRUCTURES 2008
Malcolm T. Kerley, Virginia, Chair Kevin Thompson, California, Vice Chair
M. Myint Lwin, FHWA, Secretary
Firas I. Sheikh Ibrahim, FHWA, Assistant Secretary Kelley Rehm, AASHTO Liaison


ALABAMA, John F. Black, William F. Conway, George H. Conner
ALASKA, Richard A. Pratt ARIZONA, Jean A. Nehme ARKANSAS, Phil Brand
CALIFORNIA, Kevin Thompson, Susan Hida, Barton J. Newton
COLORADO, Mark A. Leonard, Michael G. Salamon CONNECTICUT, Gary J. Abramowicz, Julie F. Georges DELAWARE, Jiten K. Soneji, Barry A. Benton DISTRICT OF COLUMBIA, Nicolas Glados,
L. Donald Cooney, Konjit “Connie” Eskender
FLORIDA, Robert V. Robertson, Jr., Marcus Ansley, Andre Pavlov
GEORGIA, Paul V. Liles, Jr., Brian Summers HAWAII, Paul T. Santo
IDAHO, Matthew M. Farrar
ILLINOIS, Ralph E. Anderson, Thomas J. Domagalski INDIANA, Anne M. Rearick
IOWA, Norman L. McDonald
KANSAS, Kenneth F. Hurst, James J. Brennan, Loren R. Risch
KENTUCKY, Allen Frank
LOUISIANA, Hossein Ghara, Arthur D’Andrea, Paul Fossier MAINE, David Sherlock, Jeffrey S. Folsom
MARYLAND, Earle S. Freedman, Robert J. Healy MASSACHUSETTS, Alexander K. Bardow MICHIGAN, Steven P. Beck, David Juntunen MINNESOTA, Daniel L. Dorgan, Kevin Western MISSISSIPPI, Mitchell K. Carr, B. Keith Carr MISSOURI, Dennis Heckman, Michael Harms MONTANA, Kent M. Barnes
NEBRASKA, Lyman D. Freemon, Mark Ahlman, Hussam “Sam” Fallaha
NEVADA, Mark P. Elicegui, Marc Grunert, Todd Stefonowicz NEW HAMPSHIRE, Mark W. Richardson, David L. Scott NEW JERSEY, Richard W. Dunne
NEW MEXICO, Jimmy D. Camp
NEW YORK, George A. Christian, Donald F. Dwyer, Arthur P. Yannotti
NORTH CAROLINA, Greg R. Perfetti NORTH DAKOTA, Terrence R. Udland

OHIO, Timothy J. Keller, Jawdat Siddiqi OKLAHOMA, Robert J. Rusch, Gregory D. Allen OREGON, Bruce V. Johnson, Hormoz Seradj PENNSYLVANIA, Thomas P. Macioce,
Harold C. “Hal” Rogers, Jr., Lou Ruzzi
PUERTO RICO, Jaime Cabré RHODE ISLAND, David Fish
SOUTH CAROLINA, Barry W. Bowers, Jeff Sizemore SOUTH DAKOTA, Kevin Goeden
TENNESSEE, Edward P. Wasserman TEXAS, William R. Cox, David P. Hohmann
U.S. DOT, M. Myint Lwin, Firas I. Sheikh Ibrahim, Hala Elgaaly
UTAH, Richard Miller
VERMONT, William Michael Hedges VIRGINIA, Malcolm T. Kerley, Kendal Walus,
Prasad L. Nallapaneni, Julius F. J. Volgyi, Jr. WASHINGTON, Jugesh Kapur, Tony M. Allen, Bijan Khaleghi WEST VIRGINIA, Gregory Bailey
WISCONSIN, Scot Becker, Beth A. Cannestra, Finn Hubbard WYOMING, Gregg C. Fredrick, Keith R. Fulton

ALBERTA, Tom Loo
NEW BRUNSWICK, Doug Noble NOVA SCOTIA, Mark Pertus ONTARIO, Bala Tharmabala SASKATCHEWAN, Howard Yea

GOLDEN GATE BRIDGE, Kary H. Witt
NJ TURNPIKE AUTHORITY, Richard J. Raczynski NY STATE BRIDGE AUTHORITY, William J. Moreau
PENNSYLVANIA TURNPIKE COMMISSION, Gary L. Graham
SURFACE DEPLOYMENT AND DISTRIBUTION COMMAND TRANSPORTATION ENGINEERING AGENCY,
Robert D. Franz
U.S. ARMY CORPS OF ENGINEERS—DEPARTMENT OF THE ARMY, Paul C. T. Tan
U.S. COAST GUARD, Nick E. Mpras, Jacob Patnaik
U.S. DEPARTMENT OF AGRICULTURE—FOREST
SERVICE, John R. Kattel

vi | Manual for Assessing Safety Hardware



TECHNICAL COMMITTEE ON ROADSIDE SAFETY 2008


Keith A. Cota, New Hampshire, Chair Steven Walker, Alabama, Vice Chair Nicholas Artimovich, II, FHWA, Secretary Jim McDonnell, AASHTO Liaison


Representatives from the Subcommittee on Design
Drew A. Boyce, Delaware Teri Soos, Maryland
Richard D. Wilder, New York Ben Buchan, Georgia
Steven W. Reeves, Mississippi Paul Fossier, Louisiana
David Little, Iowa Rod Lacy, Kansas
Joseph G. Jones, Missouri Dean A. Focke, Ohio Damon Allen, Idaho
Bernie Clocksin, South Dakota Aurora (Rory) Meza, Texas Richard Albin, Washington

Representatives from the Subcommittee on Bridges and Structures
Jiten K. Soneji, Delaware Gregg C. Fredrick, Wyoming

Members from the U.S. Department of Transportation
Mary L. McDonough, FHWA Frank Julian, FHWA Kenneth Opiela, FHWA

Associate Member—International
Mark Ayton, Ontario


Associate Member—Other
Charles W. Niessner, TRB

|  vii


| ix


TABLE OF CONTENTS

Chapter 1—Introduction	1
PURPOSE AND SCOPE	1
UNDERLYING PHILOSOPHY	2
PERFORMANCE LIMITATIONS	3
SAFETY FEATURES	4
TEST LEVELS	5
INTERNATIONAL HARMONIZATION	6
ANALYTICAL AND EXPERIMENTAL TOOLS	6
ORGANIZATION OF REPORTMANUAL	7
Chapter 2—Test Matrices and Conditions	9
GENERAL	9
Impact Conditions	9
Tolerances on Impact Conditions	11
Safety Feature Orientation	13
TEST MATRICES	13
Longitudinal Barriers	13
General	13
Description of Tests	13
Terminals and Crash Cushions	16
General	16
Description of Tests	24
Other Terminals and Crash Cushion Systems	26
Truck- and Trailer-Mounted Attenuators and Variable Message Sign and Arrow Board Trailers.	27
General	27
Description of Tests	30
Support Structures, Work-Zone Traffi c Control Devices, Breakaway Utility Poles, and
Longitudinal Channelizers	30
General	30
Description of Tests	34
Roadside Geometric Features and Pavement Discontinuities	35
IMPACT POINT FOR REDIRECTIVE DEVICES	37
General	37
Longitudinal Barriers	37
Tests with 1100C and 2270P Vehicles	38
Tests with 10000S, 36000V, and 36000T Vehicles	52
Terminals and Redirective Crash Cushions	52
Test 34	52
Test 36	53
Test 37	53
Test 44	54
SIDE IMPACT	54
Chapter 3—Test Installation	57
GENERAL	57
TESTING SITE	57
SOIL	58
Standard Soil	58
Soil Strength	58
Special Soils	62
Embedment of Test Article	62
Special Structures	63
TEST ARTICLE	63
General	63
Installation Details	64
x | Manual for Assessing Safety Hardware
Longitudinal Barriers	64
Terminals and Crash Cushions	65
Support Structures, Work-Zone Traffi c Control Devices, and Breakaway Utility Poles	66
Truck-Mounted and Trailer-Mounted Attenuators (TMAs)	67
Test Installation Documentation	67
Longitudinal Barriers and Longitudinal Channelizers	67
Terminals and Crash Cushions	68
Support Structures, Work-Zone Traffi c Control Devices, and Breakaway Utility Poles	68
Truck-Mounted and Trailer-Mounted Attenuators (TMAs)	69
Test Installation Disposal	69
Chapter 4—Test Vehicle Specifications	71
GENERAL	71
TEST VEHICLE DESCRIPTIONS	71
Production Vehicles	73
Test Vehicle Mass	76
Ballast	77
Propulsion, Guidance, and Braking	78
Vehicle Damage	78
Surrogate Occupants	79
Documentation	79
Surrogate Test Vehicles	85
Truck-Mounted and Trailer-Mounted Attenuator (TMA) Support Vehicle	86
VEHICLE INSTRUMENTATION	86
Instrumentation Specifi cations	86
Accelerometer and Rate Gyro Placement and Data Reduction	88
Chapter 5—Test Evaluation Criteria	91
GENERAL	91
EVALUATION FACTORS AND CRITERIA
STRUCTURAL ADEQUACY	91
OCCUPANT RISK	92
POST-IMPACT VEHICULAR TRAJECTORYRESPONSE	97
GEOMETRIC FEATURES	98
Chapter 6—Test Documentation	99
GENERAL REPORTING RECOMMENDATIONS	99
General Information	99
Report Contents	99
Findings Presentation Formats	101
Assessment	107
ELECTRONIC DATA	109
Chapter 7—In-Service Performance Evaluation	111
PURPOSE	111
OBJECTIVES	112
IN-SERVICE PERFORMANCE EVALUATION PROGRAM	112
New Feature Evaluation	113
Continuous Monitoring	115
DISCUSSIONS	117
Appendix A—Commentary	119
CHAPTER ONE	119
A1.2 UNDERLYING PHILOSOPHY	119
CHAPTER TWO	120
A2.1 GENERAL	120
A2.1.1 Impact Conditions	121
A2.1.2 Safety Feature Orientation	122
A2.2.1 Longitudinal Barriers	123
A2.2.2 Terminals and Crash Cushions	123
| xi
A2.2.3 Truck-Mounted Attenuators (TMAs)	124
A2.2.4 Support Structures, Work-Zone Traffi c Control Devices, Breakaway Utility Poles, and
Longitudinal Channelizers	125
A2.3 IMPACT POINT FOR REDIRECTIVE DEVICES	127
A2.3.2.1 Tests with 1100C and 2270P Vehicles	128
A2.3.2.2 Tests with 10000S, 36000V, and 36000T Vehicles	131
CHAPTER THREE	132
A3.2 TESTING SITE	132
A3.3 SOIL	132
A3.3.1 Standard Soil	133
A3.3.2 Soil Strength	133
A3.3.3 Special Soils	134
A3.3.4 Embedment of Test Article	134
A3.4 TEST ARTICLE	134
A3.4.2.1 Longitudinal Barriers	135
A3.4.2.4 Truck-Mounted Attenuators (TMAs)	135
CHAPTER FOUR	135
A4.2 TEST VEHICLE DESCRIPTIONS	135
A4.2.1 Production Vehicles	136
A4.2.1.1 Test Vehicle Mass	138
A4.2.1.2 Ballast	138
A4.2.1.3 Vehicle Damage	138
A4.2.1.4 Surrogate Occupants	139
A4.2.2 Surrogate Test Vehicles	139
A4.2.3 TMA Support Truck	141
A4.3.1 Instrumentation Specifi cations	142
A4.3.2 Acceleration and Rate Gyro Placement and Data Reduction	142
CHAPTER FIVE	146
A5.1 GENERAL	146
A5.2 STRUCTUAL ADEQUACY	146
A5.3 OCCUPANT RISK	147
A5.4 POST-IMPACT VEHICULAR TRAJECTORY	152
A5.5 GEOMETRIC FEATURES.	153
CHAPTER SIX	154
A6.1 GENERAL REPORTING RECOMMENDATIONS	154
CHAPTER SEVEN	154
A7.1 PURPOSE	154
Appendix B—Soil Strength Performance Test	157
B1 Purpose	157
B2 Application	157
B3 Instrumented Post	157
B4 Post Placement	160
B5 Dynamic Test	160
B6 Assurance of Soil Performance	162
Appendix C—Electronic & Photographic Instrumentation Specifications	165
Appendix D—Analytical and Experimental Tools	203
D1 Useful Techniques	203
D1.1 Structural Design	203
D1.2 Static Tests	203
D1.3 Computer Simulations	205
D1.4 Laboratory Dynamic Tests	207
D1.5 Gravitational Pendulum	207
D1.6 Drop Mass/Dynamic Test Device	208
D1.7 Scale Model	208
D1.8 Bogie Test	208
D2 Comparison of Techniques	209
xii | Manual for Assessing Safety Hardware
Appendix E—Measurement of Vehicle Deformation	211
E1 Pre-Impact Measurements	211
E2 Post-Impact Measurements	213
E3 Photographic Documentation	213
E4 Procedure for Measuring Exterior Crush	215
Appendix F—Determination of THIV, PHD, and ASI	219
F1 Introduction	219
F2 A Guide to the Measurement of the Theoretical Head Impact Velocity (THIV) and
the Post-Impact Head Deceleration (PHD)	219
F2.1 General	219
F2.2 Theoretical Head Impact Velocity (THIV)	219
F2.3 Post-Impact Head Deceleration (PHD)	223
F2.4 Summary of Procedure to Compute THIV and PHD	223
F3 A Guide to the Measurement of the Acceleration Severity Index (ASI)	225
F3.1 Procedure	225
F3.2 Summary	226
Appendix G—Occupant Risk Estimation for 1500A Vehicle	229
G1. Introduction	229
G2. Occupant Risk Values for 1500A Vehicle	230
G2.1 Procedure Details	230
Appendix H—Test Vehicle Selection Procedures	235
Glossary	243
References and Bibliography	249


|  xiii



LIST OF FIGURES

Figure 2-1. Impact Conditions for Longitudinal Barrier Tests	15
Figure 2-2A. Critical Cable Barrier Placement for 4H:1V – V-Ditch……………………………………………………##
Figure 2-2B. Critical Cable Barrier Placement for 6H:1V V-Ditch……………………………………………………...##
Figure 2-22-3A. Impact Conditions for Terminal and Redirective Crash Cushion Tests	21
Figure 2-32-3B. Impact Conditions for Non-Redirective Crash Cushion Tests	23
Figure 2-4. Impact Conditions for TMA	29
Figure 2-5. Impact Conditions for Support Structures, Work-Zone Traffi c Control Devices,
and Breakaway Utility Poles	34
Figure 2-6. Critical Impact Point for Test 10, Test Level 1	40
Figure 2-7. Critical Impact Point for Test 10, Test Level 2	41
Figure 2-8. Critical Impact Point for Test 10, Test Levels 3, 4, 5, and 6	42
Figure 2-9. Critical Impact Point for Test 11, Test Level 1.	43
Figure 2-10. Critical Impact Point for Test 11, Test Level 2.	44
Figure 2-11. Critical impact point for Test 11, Test Levels 3, 4, 5, and 6	45
Figure 2-12. Critical Impact Point for Test 20, Test Level 1	46
Figure 2-13. Critical Impact Point for Test 20, Test Level 2	47
Figure 2-14. Critical Impact Point for Test 20, Test Levels 3, 4, 5, and 6	48
Figure 2-15. Critical Impact Point for Test 21, Test Level 1	49
Figure 2-16. Critical Impact Point for Test 21, Test Level 2	50
Figure 2-17. Critical Impact Point for Test 21, Test Levels 3, 4, 5, and 6	51
Figure 2-18. Critical Impact Point for Test 34 on Non-Gating Crash Cushions	53
Figure 3-1. Recommended Summary Sheet for Strong Soil Test Results	60
Figure 3-2. Example of Test Day Static Soil Strength Documentation	61
Figure 4-1. 1100C and 1500A Vehicle Parameters	80
Figure 4-2. 2270P Vehicle Parameters	81
Figure 4-3. 10000S Vehicle Parameters	82
Figure 4-4. 36000V Vehicle Parameters	83
Figure 4-5. 36000T Vehicle Parameters	84
Figure 4-6. Recommended Vehicle Coordinate System	88
Figure 5-1. Exit Box for Longitudinal Barriers	98
Figure 6-1. Recommended Format of Summary Sheet for Crash Test Results	104
Figure 6-2. Example of Recommended Summary Sheet for Crash Test Results	105
Figure 7-1. Flowchart of the In-Service Performance Evaluation Process (108)	114
Figure A-1. Accelerometer Placement	144
Figure B-1. Instrumented Post	158
Figure B-2. Dynamic Test Confi guration	160
Figure B-3. Dynamic and Static Test Results for Standard Post Test	161
Figure B-4. Static Soil Test	163
Figure B-5. Test Day Static Load Test Compared to Standard Test	164
Figure E-1. Pre-Impact Measurement	211
Figure E-2. Placement of Swivel Laser Bracket	212
Figure E-3. Measurement of Vertical Positions	213
Figure E-4. Vehicle Deformation Spreadsheet	214
Figure E-5. Reference Line Confi guration	215
Figure E-6. Field Length Measurement	216
Figure E-7. Crush Depth Measurements	217
Figure E-8. Crush Depth Measurements	218
Figure F-1. Vehicle and Ground Reference Frames	220
Figure F-2. Impact of the Theoretical Head on the Left Side	222

xiv | Manual for Assessing Safety Hardware


LIST OF TABLES

TABLE 1-1. Test Levels	6
TABLE 2-1. Vehicle Gross Static Mass Upper and Lower Limits	12
TABLE 2-2A. Recommended Test Matrices for Longitudinal Barriers	14
TABLE 2-2B Recommended TL-3 Test Matrix for Single Median Barrier Designed for Placment Anywhere in
                       4H:1V V-Ditch……………….....................................................................................................................##
TABLE 2-2C Recommended TL-3 Test Matrix for Single or Double Median Barrier Designed for Placement 
                       Between 0- to 4-ft Offset from Slope Break………………………………………………………………..##
TABLE 2-2D Recommended TL-3 Test Matrix for Single Median Barrier Designed for Placement Anywhere in
                       6H:1V V-Ditch…………………………………………………………………………………………….##
TABLE 2-2E MASH TL-3 Test Matrix for Single or Double Median Barrier Placed at 0- to 4-ft Offset from
                       SBP of 6H:1V V-Ditch…………………………………………………………………………………….##
TABLE 2-3. Recommended Test Matrices for Terminals and Crash Cushions	18
TABLE 2-4. Recommended Test Matrices for Truck- and Trailer-Mounted Attenuators	28
TABLE 2-5. Recommended Test Matrices for Support Structures, Work-Zone Traffi c Control
Devices, and Breakaway Utility Poles	33
TABLE 2-6. Critical Impact Point for Rigid Barrier Tests with 1100C and 2270P Vehicles	39
TABLE 2-7. Critical Impact Point for Heavy Vehicle Tests	52
TABLE 4-1. Recommended Properties of 1100C, 1500A, and 2270P Test Vehicles	75
TABLE 4-2. Recommended Properties of 10000S, 36000V, and 36000T Test Vehicles	76
TABLE 5-1. Safety Evaluation Guidelines	93
TABLE 6-1. Recommended Table of Contents for Crash Test Reports 	102
TABLE 6-2. Recommended Format for Reporting of Findings 	103
TABLE 6-3. Example of Recommended Assessment Summary Page for Individual Crash Tests 	108
TABLE 6-4. Example of Recommended Assessment Summary Page for Multiple Crash Tests 	108
TABLE A-1. Properties of Common Barrier Rail Elements 	129
TABLE A-2. Wood Post Properties 	130
TABLE A-3. Dynamic Yield Forces of Posts Embedded in Strong Soil 	131
TABLE D-1. Sources for Safety Feature Information 	204
TABLE D-2. Summary of Highway Safety Computer Programs 	206
TABLE D-3. Safety Feature Development Techniques 	209
TABLE H-1. Small Car Weights and Sales Volumes 	237
TABLE H-2. Light Truck Weights and Sales Volumes 	238
TABLE H-3. Center-of-Gravity Heights of Sport Utility Vehicles and Pickups 	240
TABLE H-4. Candidate Test Vehicle Dimensions 	241

|  1








[bookmark: _TOC_250086][bookmark: _TOC_250067][bookmark: _TOC_250057][bookmark: _TOC_250048]






































































MASH–1
ISBN: 978–1–56051–416–9
[bookmark: _GoBack]
444 N Capitol St. NW  Ste. 249 Washington, DC 20001


www.transportation.org
image3.png




image4.jpeg




image5.jpeg




image6.jpeg




image7.jpeg




image8.jpeg
Manual for
Assessing
Safety

Hardware




image9.png




image10.jpeg




image11.jpeg




image12.jpeg




image7.png




image14.png




image8.png




image16.png




image10.png




image18.png




image228.png
AMERIEAN ASSEEIATION oF
BTATE HISHWAY AND
TRANSPORTATION DFFIRIALS

AAC =

THE VOICE OF TRANSPORLATION





image11.png




image12.png




image13.png
Manual for
Assessing

Safety
Hardware




image15.png
AMERIEAN ASSEEIATION oF
BTATE HISHWAY AND
TRANSPORTATION DFFIRIALS

AAC =

THE VOICE OF TRANSPORLATION





image1.jpeg




image2.jpeg
Manual for
Assessing
Safety

Hardware




