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DISCLAIMER 

The contents of this report reflect the views of the authors, who are solely responsible for 
the facts and accuracy of the data and the opinions, findings, and conclusions presented herein. 
The contents do not necessarily reflect the official views or policies of the Roadside Safety 
Research for MASH Implementation Pooled Fund, Washington State Department of 
Transportation (WSDOT), The Texas A&M University System, or the Texas A&M 
Transportation Institute (TTI). This report does not constitute a standard, specification, or 
regulation. In addition, the above listed agencies/companies assume no liability for its contents 
or use thereof. The names of specific products or manufacturers listed herein do not imply 
endorsement of those products or manufacturers.  

The results reported herein apply only to the article tested. The full-scale crash tests were 
performed according to TTI Proving Ground quality procedures and Manual for Assessing Safety 
Hardware guidelines and standards. 

The Proving Ground Laboratory within TTI’s Roadside Safety and Physical Security 
Division (“TTI Lab”) strives for accuracy and completeness in its crash test reports. On rare 
occasions, unintentional or inadvertent clerical errors, technical errors, omissions, oversights, or 
misunderstandings (collectively referred to as “errors”) may occur and may not be identified for 
corrective action prior to the final report being published and issued. If, and when, the TTI Lab 
discovers an error in a published and issued final report, the TTI Lab will promptly disclose such 
error to the Roadside Safety Research for MASH Implementation Pooled Fund and WSDOT, and 
all parties shall endeavor in good faith to resolve this situation. The TTI Lab will be responsible 
for correcting the error that occurred in the report, which may be in the form of errata, 
amendment, replacement sections, or up to and including full reissuance of the report. The cost 
of correcting an error in the report shall be borne by the TTI Lab. Any such errors or inadvertent 
delays that occur in connection with the performance of the related testing contract will not 
constitute a breach of the testing contract.  

 
THE TTI LAB WILL NOT BE LIABLE FOR ANY INDIRECT, CONSEQUENTIAL, 

PUNITIVE, OR OTHER DAMAGES SUFFERED BY THE ROADSIDE SAFETY 
RESEARCH FOR MASH IMPLEMENTATION POOLED FUND, WSDOT, OR ANY 

OTHER PERSON OR ENTITY, WHETHER SUCH LIABILITY IS BASED, OR 
CLAIMED TO BE BASED, UPON ANY NEGLIGENT ACT, OMISSION, ERROR, 

CORRECTION OF ERROR, DELAY, OR BREACH OF AN OBLIGATION BY THE 
TTI LAB. 
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SI* (MODERN METRIC) CONVERSION FACTORS 
APPROXIMATE CONVERSIONS TO SI UNITS 

Symbol When You Know Multiply By To Find Symbol 
LENGTH 

in inches 25.4 millimeters mm 
ft feet 0.305 meters m 
yd yards 0.914 meters m 
mi miles 1.61 kilometers km 

AREA 
in2 square inches 645.2 square millimeters mm2 
ft2 square feet 0.093 square meters m2 
yd2 square yards 0.836 square meters m2 
ac acres 0.405 hectares ha 
mi2 square miles 2.59 square kilometers km2 

VOLUME 
fl oz fluid ounces 29.57 milliliters mL 
gal gallons 3.785 liters L 
ft3 cubic feet 0.028 cubic meters m3 
yd3 cubic yards 0.765 cubic meters m3 
 NOTE: volumes greater than 1000L shall be shown in m3  

MASS 
oz ounces 28.35 grams g 
lb pounds 0.454 kilograms kg 
T short tons (2000 lb) 0.907 megagrams (or metric ton”) Mg (or “t”) 

TEMPERATURE (exact degrees) 
°F Fahrenheit 5(F-32)/9 Celsius °C 
  or (F-32)/1.8   

FORCE and PRESSURE or STRESS 
lbf poundforce 4.45 newtons N 
lbf/in2 poundforce per square inch 6.89 kilopascals kPa 

APPROXIMATE CONVERSIONS FROM SI UNITS 
Symbol When You Know Multiply By To Find Symbol 

LENGTH 
mm millimeters 0.039 inches in 
m meters 3.28 feet ft 
m meters 1.09 yards yd 
km kilometers 0.621 miles mi 

AREA 
mm2 square millimeters 0.0016 square inches in2 
m2 square meters 10.764 square feet ft2 
m2 square meters 1.195 square yards yd2 
ha hectares 2.47 acres ac 
km2 Square kilometers 0.386 square miles mi2 

VOLUME 
mL milliliters 0.034 fluid ounces oz 
L liters 0.264 gallons gal 
m3 cubic meters 35.314 cubic feet ft3 
m3 cubic meters 1.307 cubic yards yd3 

MASS 
g grams 0.035 ounces oz 
kg kilograms 2.202 pounds lb 
Mg (or “t”) megagrams (or “metric ton”) 1.103 short tons (2000lb) T 

TEMPERATURE (exact degrees) 
°C Celsius 1.8C+32 Fahrenheit °F 

FORCE and PRESSURE or STRESS 
N newtons 0.225 poundforce lbf 
kPa kilopascals 0.145 poundforce per square inch lb/in2 

*SI is the symbol for the International System of Units 



TR No. 612061-08 v 2021-12-15 

ACKNOWLEDGMENTS 
 

This research project was performed under a pooled fund program between the following 
States and Agencies. The authors acknowledge and appreciate their guidance and assistance. 

 
Roadside Safety Research Pooled Fund Committee 

Revised January 2021 
 
ALABAMA 
Stanley (Stan) C. Biddick, P.E. 
Assistant State Design Engineer 
Design Bureau, Final Design Division 
Alabama Dept. of Transportation 
1409 Coliseum Boulevard, T-205 
Montgomery, AL 36110 
(334) 242-6833 
biddicks@dot.state.al.us  
Steven E. Walker 
Alabama Dept. of Transportation 
(334) 242-6488 
walkers@dot.state.al.us  
 
ALASKA 
Jeff C. Jeffers, P.E. 
Statewide Standard Specifications 
Alaska Depart. of Transportation & Public 
Facilities 
3132 Channel Drive 
P.O. Box 112500 
Juneau, AK 99811-2500 
(907) 465-8962 
Jeff.Jeffers@alaska.gov  
 
CALIFORNIA 
Bob Meline, P.E. 
Caltrans 
Office of Materials and Infrastructure 
Division of Research and Innovation 
5900 Folsom Blvd 
Sacramento, CA 95819 
(916) 227-7031 
Bob.Meline@dot.ca.gov  
John Jewell, P.E. 
Senior Crash Testing Engineer  
Office of Safety Innovation & Cooperative 
Research  
(916) 227-5824 
John_Jewell@dot.ca.gov 
 

 
COLORADO 
Joshua Keith, P.E. 
Standards & Specifications Engineer 
Project Development Branch 
Colorado Dept. of Transporation 
4201 E Arkansas Ave, 4th Floor 
Denver, CO 80222 
(303) 757-9021 
Josh.Keith@state.co.us 
Joshua Palmer, P.E. 
Guardrail Engineer 
Colorado Dept. of Transportation 
2829 W. Howard Pl 
Denver, CO 80204 
(303) 757-9229 
Joshua.j.palmer@state.co.us 
Chih Shawn Yu 
(303) 757-9474 
Shawn.yu@state.co.us  
Andrew Pott, P.E. II 
Staff Bridge 
 (303) 512-4020 
Andrew.pott@state.co.us  
 
CONNECTICUT 
David Kilpatrick 
State of Connecticut Depart. of 
Transportation 
2800 Berlin Turnpike 
Newington, CT 06131-7546 
(806) 594-3288 
David.Kilpatrick@ct.gov  
 

mailto:biddicks@dot.state.al.us
mailto:walkers@dot.state.al.us
mailto:Jeff.Jeffers@alaska.gov
mailto:Bob.Meline@dot.ca.gov
mailto:John_Jewell@dot.ca.gov
mailto:Josh.Keith@state.co.us
mailto:Joshua.j.palmer@state.co.us
mailto:Shawn.yu@state.co.us
mailto:Andrew.pott@state.co.us
mailto:David.Kilpatrick@ct.gov


TR No. 612831-01 v 2021-12-15 

DELAWARE 
Mark Buckalew, P.E. 
Safety Program Manager 
Delaware Depart. of Transportation 
169 Brick Store Landing Road  
Smyrna, DE 19977 
(302) 659-4073 
Mark.Buckalew@state.de.us 
 
FLORIDA 
Derwood C. Sheppard, Jr., P.E. 
Standard Plans Publication Engineer 
Florida Depart. of Transportation 
Roadway Design Office 
605 Suwannee Street, MS-32 
Tallahassee, FL 32399-0450 
(850) 414-4334 
Derwood.Sheppard@dot.state.fl.us  
 
IDAHO 
Kevin Sablan 
Design and Traffic Engineer 
Idaho Transportation Department 
P. O. Box 7129 
Boise, ID 83707-1129 
(208) 334-8558 
Kevin.Sablan@ITD.idaho.gov  
Rick Jensen, P.E. 
ITD Bridge Design 
(208) 334-8589 
Rick.jensen@itd.idaho.gov  
Shanon M. Murgoitio, P.E. 
Engineer Manager 1 
ITD Bridge Division 
(208) 334-8589 
Shanon.murgoitio@ird.idaho.gov 
Marc Danley, P.E. 
Technical Engineer 
(208) 334-8558 
Marc.danley@itd.idaho.gov  
 

ILLINOIS 
Martha A. Brown, P.E. 
Safety Design Bureau Chief 
Bureau of Safety Programs and Engineering 
Illinois Depart. of Transportation 
2300 Dirksen Parkway, Room 005 
Springfield, IL 62764 
(217) 785-3034 
Martha.A.Brown@illinois.gov  
Tim Craven 
Tim.craven@illinois.gov  
Filberto (Fil) Sotelo 
Safety Evaluation Engineer 
(217) 785-5678 
Filiberto.Sotelo@illinois.gov 
Jon M. McCormick 
Safety Policy & Initiatives Engineer 
(217) 785-5678 
Jon.M.McCormick@illinois.gov  
 
LOUISIANA 
Chris Guidry 
Bridge Manager 
Louisiana Transportation Center 
Bridge & Structural Design Section 
P.O. Box 94245 
Baton Rouge, LA 79084-9245 
(225) 379-1933 
Chris.Guidry@la.gov 
Kurt Brauner, P.E. 
Bridge Engineer Manager 
Louisiana Transportation Center 
1201 Capital Road, Suite 605G 
Baton Rouge, LA 70802 
(225) 379-1933 
Kurt.Brauner@la.gov  
Brian Allen, P.E. 
Bridge Design Engineer 
(225) 379-1840 
Brian.allen@la.gov  
Steve Mazur 
Bridge Design 
(225) 379-1094 
Steven.Mazur@la.gov  
 

mailto:Mark.Buckalew@state.de.us
mailto:Derwood.Sheppard@dot.state.fl.us
mailto:Kevin.Sablan@ITD.idaho.gov
mailto:Rick.jensen@itd.idaho.gov
mailto:Marc.danley@itd.idaho.gov
mailto:Martha.A.Brown@illinois.gov
mailto:Tim.craven@illinois.gov
mailto:Filiberto.sotelo@illinois.gov
mailto:Jon.M.McCormick@illinois.gov
mailto:Chris.Guidry@la.gov
mailto:Kurt.Brauner@la.gov
mailto:Brian.allen@la.gov
mailto:Steven.Mazur@la.gov


TR No. 612831-01 vi 2021-12-15 

MARYLAND 
Jeff Robert 
Division Chief 
Bridge Design Division 
Office of Structures 
707 N. Calvert Street, Mailstop C-203 
Baltimore, MD 21202 
(410) 545-8327 
jrobert@sha.state.md.us 

Sharon D. Hawkins 
Project Manager 
Office of Policy and Research, Research 
Division 
707 N. Calvert Street, Mailstop C-412 
Baltimore, MD 21202 
(410) 545-2920 
Shawkins2@sha.state.md.us 
 
MASSACHUSETTS 
Alex Bardow 
Director of Bridges and Structure 
Massachusetts Depart. of Transportation 
10 Park Plaza, Room 6430 
Boston, MA 02116 
(517) 335-9430 
Alexander.Bardow@state.ma.us 

James Danila 
Assistant State Traffic Engineer 
(857) 368-9640 
James.Danila@state.ma.us  
 
MICHIGAN 
Carlos Torres, P.E. 
Crash Barrier Engineer 
Geometric Design Unit, Design Division 
Michigan Depart. of Transportation 
P. O. Box 30050 
Lansing, MI 48909 
(517) 335-2852 
TorresC@michigan.gov  
 

MINNESOTA 
Michael Elle, P.E. 
Design Standards Engineer 
Minnesota Depart. Of Transportation 
395 John Ireland Blvd, MS 696 
St. Paul, MN 55155-1899 
(651) 366-4622 
Michael.Elle@state.mn.us 

Khamsai Yang, PE 
Assistant State Design Standards Engineer 
Minnesota Depart. of Transportation 
395 John Ireland Blvd, MS 696 
Saint Paul, MN 55155-1899 
(651) 366-4708 
khamsai.yang@state.mn.us  
 
MISSOURI 
Sarah Kleinschmit, P.E. 
Policy and Innovations Engineer, 
Missouri Department of Transportation 
P.O. Box 270 
Jefferson City, MO 65102 
(573) 751-7412 
sarah.kleinschmit@modot.mo.gov 
 
MISSISSIPPI 
Heath T. Patterson, P.E. 
MDOT-State Maintenance Engineer 
Emergency Coordinating Officer 
401 N. West Street 
Jackson, MS 39201 
(601) 359-7113 
hpatterson@mdot.ms.gov 
 
NEW MEXICO 
David Quintana, P.E. 
Project Development Engineer 
P.O. Box 1149, Room 203 
Santa Fe, NM 87504-1149 
(505) 827-1635 
David quintana@state.nm.us  
 
OHIO 
Don P. Fisher, P.E. 
Ohio Depart. of Transportation 
1980 West Broad Street 
Mail Stop 1230 
Columbus, OH 43223 
(614) 387-6214 
Don.fisher@dot.ohio.gov  

mailto:jrobert@sha.state.md.us
mailto:Shawkins2@sha.state.md.us
mailto:Alexander.bardow@state.ma.us
mailto:James.Danila@state.ma.us
mailto:TorresC@michigan.gov
mailto:Michael.Elle@state.mn.us%0d
mailto:khamsai.yang@state.mn.us
mailto:sarah.kleinschmit@modot.mo.gov
mailto:hpatterson@mdot.ms.gov
mailto:quintana@state.nm.us
mailto:Don.fisher@dot.ohio.gov


TR No. 612831-01 vii 2021-12-15 

 
 
OREGON 
Christopher Henson 
Senior Roadside Design Engineer 
Oregon Depart. of Transportation 
Technical Service Branch 
4040 Fairview Industrial Drive, SE  
Salem, OR 97302-1142 
(503) 986-3561 
Christopher.S.Henson@odot.state.or.us  
 
PENNSYLVANIA 
Guozhou Li 
Pennsylvania DOT 
GuLi@pa.gov 
Hassan Raza 
Standards & Criteria Engineer 
Pennsylvania Depart. of Transportation 
Bureau of Project Delivery 
400 North Street, 7th Floor 
Harrisburg, PA 17120 
(717) 783-5110 
HRaza@pa.gov  
 
TENNESSEE 
Ali Hangul, P.E., CPESC 
Assistant Director 
Tennessee Depart. of Transportation 
Roadway Design & Office of Aerial Surveys 
James K. Polk State Office Bldg. 
505 Deaderick Street 
Nashville, TN 37243 
(615) 741-0840 
Ali.Hangul@tn.gov 
 
TEXAS 
Chris Lindsey 
Transportation Engineer 
Design Division  
Texas Department of Transportation 
125 East 11th Street 
Austin, TX 78701-2483 
(512) 416-2750 
Christopher.Lindsey@txdot.gov  
Taya Retterer P.E. 
TXDOT Bridge Standards Engineer 
(512) 416-2719 
Taya.Retterer@txdot.gov 

Wade Odell 
Transportation Engineer 
Research & Technology Implementation 
200 E. Riverside Drive 
Austin, TX 78704 
Wade.Odell@txdot.gov 
 
UTAH 
Shawn Debenham 
Traffic and Safety Division 
Utah Depart. of Transportation 
4501 South 2700 West 
PO Box 143200 
Salt Lake City UT 84114-3200 
(801) 965-4590 
sdebenham@utah.gov 
 
WASHINGTON  
John Donahue 
Design Policy and Analysis Manager 
Washington State Dept. of Transportation 
Development Division 
P.O. Box 47329 
Olympia, WA 98504-7246 
(360) 704-6381 
donahjo@wsdot.wa.gov 
Mustafa Mohamedali 
Assistant Research Project Manager 
P.O. Box 47372 
Olympia, WA 98504-7372 
(360) 704-6307 
mohamem@wsdot.wa.gov  
Anne Freeman 
Program Administrator 
Research & Library Services 
(306) 705-7945 
Freeann@wsdot.gov 
 
WEST VIRGINIA 
Donna J. Hardy, P.E. 
Safety Programs Engineer 
West Virginia Depart. of 
Transportation – Traffic Engineering 
Building 5, Room A-550 
1900 Kanawha Blvd E. 
Charleston, WV 25305-0430 
(304) 558-9576 
Donna.J.Hardy@wv.gov 

  

mailto:Christopher.S.%20Henson@odot.state.or.us
mailto:GuLi@pa.gov
mailto:HRaza@pa.gov
mailto:Ali.Hangul@tn.gov
mailto:Christopher.Lindsey@txdot.gov
mailto:Taya.Retterer@txdot.gov
mailto:Wade.Odell@txdot.gov
mailto:sdebenham@utah.gov
mailto:donahjo@wsdot.wa.gov
mailto:mohamem@wsdot.wa.gov
mailto:Freeann@wsdot.gov
mailto:Donna.J.Hardy@wv.gov


TR No. 612831-01 viii 2021-12-15 

WEST VIRGINIA (continued) 
Ted Whitmore 
Traffic Services Engineer 
(304) 558-9468 
Ted.J.Whitmore@wv.gov  
Joe Hall, P.E., P.S. 
Division of Highways & Engineering 
Technical Policy QA/QC Engineer 
Value Engineering Coordinator 
1334 Smith Street 
Charleston, WV 25305-0430 
(304) 558-9733 
Joe.H.Hall@wv.gov 
 
WISCONSIN 
Erik Emerson, P.E. 
Standards Development Engineer – 
Roadside Design 
Wisconsin Department of Transportation 
Bureau of Project Development 
4802 Sheboygan Avenue, Room 651 
P. O. Box 7916 
Madison, WI 53707-7916 
(608) 266-2842 
Erik.Emerson@wi.gov  
 
CANADA – ONTARIO 
Kenneth Shannon, P. Eng. 
Senior Engineer, Highway Design (A) 
Ontario Ministry of Transportation 
301 St. Paul Street 
St. Catharines, ON L2R 7R4 
CANADA 
(904) 704-3106 
Kenneth.Shannon@ontario.ca 
 
FEDERAL HIGHWAY 
ADMINISTRATION (FHWA) 
WebSite: safety.fhwa.dot.gov 
Richard B. (Dick) Albin, P.E. 
Safety Engineer 
FHWA Resource Center Safety & Design 
Technical Services Team 
711 S. Capital 
Olympia, WA 98501  
(303) 550-8804 
Dick.Albin@dot.gov 

Eduardo Arispe 
Research Highway Safety Specialist 
U.S. Department of Transportation 
Federal Highway Administration 
Turner-Fairbank Highway Research Center 
Mail Code: HRDS-10 
6300 Georgetown Pike 
McLean, VA 22101 
(202) 493-3291 
Eduardo.arispe@dot.gov 
Greg Schertz, P.E. 
FHWA – Federal Lands Highway Division 
Safety Discipline Champion 
12300 West Dakota Ave. Ste. 210 
Lakewood, CO 80228 
(720)-963-3764 
Greg.Schertz@dot.gov 

Christine Black 
Highway Safety Engineer 
Central Federal Lands Highway Division 
12300 West Dakota Ave.  
Lakewood, CO 80228 
(720) 963-3662 
Christine.black@dot.gov  

TEXAS A&M TRANSPORTATION 
INSTITUTE (TTI) 
WebSite: tti.tamu.edu 

www.roadsidepooledfund.org 
D. Lance Bullard, Jr., P.E. 
Senior Research Engineer 
Roadside Safety & Physical Security Div. 
Texas A&M Transportation Institute 
3135 TAMU 
College Station, TX 77843-3135 
(979) 317-2855 
L-Bullard@tti.tamu.edu 
Roger P. Bligh, Ph.D., P.E. 
Senior Research Engineer 
(979) 317-2703 
R-Bligh@tti.tamu.edu  
Chiara Silvestri Dobrovolny, Ph.D. 
Research Scientist 
(979) 317-2687 
C-Silvestri@tti.tamu.edu 

mailto:Ted.J.Whitmore@wv.gov
mailto:Joe.H.Hall@wv.gov
mailto:Erik.Emerson@wi.gov
mailto:Kenneth.Shannon@ontario.ca
http://safety.fhwa.dot.gov/
mailto:Dick.Albin@fdot.gov
mailto:Eduardo.arispe@dot.gov
mailto:Greg.Schertz@dot.gov
mailto:Christine.black@dot.gov
http://tti.tamu.edu/
http://www.roadsidepooledfund.org/
mailto:L-Bullard@tti.tamu.edu
mailto:R-Bligh@tti.tamu.edu
mailto:c-silvestri@tti.tamu.edu


TR No. 609731-5&6 ix 2021-12-15 

REPORT AUTHORIZATION 

REPORT REVIEWED BY:   

 

 

 
Glenn Schroeder, Research Specialist  
Drafting & Reporting 

 Ken Reeves, Research Specialist  
Electronics Instrumentation 

   

 

 

 
Gary Gerke, Research Specialist  
Construction 

 Richard Badillo, Research Specialist  
Photographic Instrumentation 

   

 

 

 
Scott Dobrovolny, Research Specialist  
Mechanical Instrumentation  

 Wanda L. Menges, Research Specialist  
Research Evaluation and Reporting 

   

   

 

 

 
Bill L. Griffith, Research Specialist  
Deputy Quality Manager 

 Darrell L. Kuhn, P.E., Research Specialist  
Quality Manager 

   

   
Matthew N. Robinson, Research Specialist  
Test Facility Manager & Technical Manager 

 Roger P. Bligh, Ph.D., P.E. 
Senior Research Engineer 



 

TR No. 612831-01 x 2021-12-15 

 
 
 



 

TR No. 609731-5&6 xi 2021-12-15 

TABLE OF CONTENTS 

Page 
Disclaimer ...................................................................................................................................... ii 
Report Authorization................................................................................................................... ix 
List of Figures ............................................................................................................................. xiii 
List of Tables .............................................................................................................................. xiv 

 Introduction ........................................................................................................... 1 
1.1. Problem Statement .......................................................................................................... 1 
1.2. Objective ......................................................................................................................... 1 
1.3. Work Plan ....................................................................................................................... 2 

1.3.1. Task 1:  Develop Design Modifications ............................................................. 2 
1.3.2. Task 2:  MASH Test 3-61 Impacting Vertical Mailbox Support ........................ 2 
1.3.3. Task 3.  MASH Test 3-61 Impacting the Cantilever Arm and Mailbox 
Assembly............................................................................................................................. 4 
1.3.4. Task 4:  Preparation and Submittal of Project Deliverables ............................... 4 

 System Details........................................................................................................ 5 
2.1. Test Article and Installation Details ............................................................................... 5 
2.2. Design Modifications during Tests ................................................................................. 5 
2.3. Material Specifications ................................................................................................... 5 
2.4 Soil Conditions................................................................................................................ 5 

 Test Requirements and Evaluation Criteria ...................................................... 9 
3.1. Crash Test Performed/Matrix ......................................................................................... 9 
3.2. Evaluation Criteria ........................................................................................................ 10 

 Test Conditions.................................................................................................... 11 
4.1. Test Facility .................................................................................................................. 11 
4.2. Vehicle Tow and Guidance System .............................................................................. 11 
4.3. Data Acquisition Systems ............................................................................................. 11 

4.3.1. Vehicle Instrumentation and Data Processing .................................................. 11 
4.3.2. Anthropomorphic Dummy Instrumentation ..................................................... 12 
4.3.3. Photographic Instrumentation Data Processing ................................................ 12 

 MASH Test 3-61 (Crash Test No. 609731-5) Impacting Cantilever 
Arm and Mailbox Assembly ...................................................................................................... 15 

5.1. Test Designation and Actual Impact Conditions .......................................................... 15 
5.2. Weather Conditions ...................................................................................................... 15 
5.3. Test Vehicle .................................................................................................................. 15 
5.4. Test Description ............................................................................................................ 16 
5.5. Damage to Test Installation .......................................................................................... 16 
5.6. Damage to Test Vehicle ................................................................................................ 17 
5.7. Occupant Risk Factors .................................................................................................. 18 

 MASH Test 3-61 (Crash Test No. 609731-6) Impacting Vertical 
Mailbox Support ......................................................................................................................... 21 

6.1. Test Designation and Actual Impact Conditions .......................................................... 21 
6.2. Weather Conditions ...................................................................................................... 21 
6.3. Test Vehicle .................................................................................................................. 21 
6.4. Test Description ............................................................................................................ 22 



 

TR No. 609731-5&6 xii 2021-12-15 

TABLE OF CONTENTS (CONTINUED) 

Page 
6.5. Damage to Test Installation .......................................................................................... 22 
6.6. Damage to Test Vehicle ................................................................................................ 22 
6.7. Occupant Risk Factors .................................................................................................. 22 

 Summary and Conclusions ................................................................................ 27 
7.1. Assessment of Test Results ........................................................................................... 27 
7.2. Conclusions ................................................................................................................... 27 

References .................................................................................................................................... 31 
Appendix A. Details of Modified Minnesota Swing-Away Mailbox ...................................... 33 
Appendix B. Supporting Certification Documents .................................................................. 40 
Appendix C. Soil Properties ....................................................................................................... 41 
Appendix C. MASH Test 3-61 (Crash Test No. 609731-5) ...................................................... 43 

C.1. Vehicle Properties and Information .............................................................................. 43 
C.2. Sequential Photographs ................................................................................................. 46 
C.3. Vehicle Angular Displacements ................................................................................... 48 
C.4. Vehicle Accelerations ................................................................................................... 49 

Appendix D. MASH Test 3-61 (Crash Test No. 609731-6) ...................................................... 53 
D.1. Vehicle Properties and Information .............................................................................. 53 
D.2. Sequential Photographs ................................................................................................. 56 
D.3. Vehicle Angular Displacements ................................................................................... 59 
D.4. Vehicle Accelerations ................................................................................................... 60 
 

file://files.tti.servers/cpg_share/Accreditation-17025-2017/EIR-000%20Project%20Files/609731%20-%20Swinging%20Mailbox%20-%20Bligh/Report/TRNo609731-5&6-DivReview.docx#_Toc78272836
file://files.tti.servers/cpg_share/Accreditation-17025-2017/EIR-000%20Project%20Files/609731%20-%20Swinging%20Mailbox%20-%20Bligh/Report/TRNo609731-5&6-DivReview.docx#_Toc78272842
file://files.tti.servers/cpg_share/Accreditation-17025-2017/EIR-000%20Project%20Files/609731%20-%20Swinging%20Mailbox%20-%20Bligh/Report/TRNo609731-5&6-DivReview.docx#_Toc78272843
file://files.tti.servers/cpg_share/Accreditation-17025-2017/EIR-000%20Project%20Files/609731%20-%20Swinging%20Mailbox%20-%20Bligh/Report/TRNo609731-5&6-DivReview.docx#_Toc78272847
file://files.tti.servers/cpg_share/Accreditation-17025-2017/EIR-000%20Project%20Files/609731%20-%20Swinging%20Mailbox%20-%20Bligh/Report/TRNo609731-5&6-DivReview.docx#_Toc78272848


 

TR No. 609731-5&6 xiii 2021-12-15 

LIST OF FIGURES 

Page 
Figure 1.1.  Vehicle-Mailbox Geometrics for 2270P MASH Pickup Truck. .............................. 3 
Figure 2.1.  Details of Modified Minnesota Swing-Away Mailbox. ......................................... 6 
Figure 2.2.  Modified Minnesota Swing-Away Mailbox prior to Testing. ................................ 7 
Figure 3.1.  Target Impact for MASH Test 3-61 (Test No. 609731-5) on Modified 

Minnesota Swing-Away Mailbox Impacting Cantilever Arm and Mailbox 
Assembly................................................................................................................. 9 

Figure 3.2.  Target Impact for MASH Test 3-61 (Test No. 609731-6) on Modified 
Minnesota Swing-Away Mailbox Impacting Vertical Mailbox Support. ............... 9 

Figure 5.1.  Mailbox/Test Vehicle Geometrics for Test No. 609731-5. .................................. 15 
Figure 5.2.  Test Vehicle before Test No. 609731-5. ............................................................... 16 
Figure 5.3.  Mailbox after Test No. 609731-5. ......................................................................... 17 
Figure 5.4.  Test Vehicle after Test No. 609731-5. .................................................................. 18 
Figure 5.5.  Interior of Test Vehicle after Test No. 609731-5. ................................................ 18 
Figure 5.6.  Summary of Results for MASH Test 3-61 on Modified Minnesota Swing-

Away Mailbox Impacting Cantilever Arm and Mailbox Assembly. .................... 20 
Figure 6.1.  Mailbox/Test Vehicle Geometrics for Test No. 609731-6. .................................. 21 
Figure 6.2.  Mailbox after Test No. 609731-6. ......................................................................... 23 
Figure 6.3.  Test Vehicle after Test No. 609731-6. .................................................................. 24 
Figure 6.4.  Interior of Test Vehicle after Test No. 609731-6. ................................................ 24 
Figure 6.5.  Summary of Results for MASH Test 3-61 on Modified Minnesota Swing-

Away Mailbox Impacting Vertical Mailbox Support. .......................................... 25 
Figure C.1.  Sequential Photographs for Test No. 609731-5 (Oblique and Perpendicular 

Views). .................................................................................................................. 46 
Figure C.2.  Vehicle Angular Displacements for Test No. 609731-5. ...................................... 48 
Figure C.3.  Vehicle Longitudinal Accelerometer Trace for Test No. 609731-5 

(Accelerometer Located at Center of Gravity). .................................................... 49 
Figure C.4.  Vehicle Lateral Accelerometer Trace for Test No. 609731-5 

(Accelerometer Located at Center of Gravity). .................................................... 50 
Figure C.5.  Vehicle Vertical Accelerometer Trace for Test No. 609731-5 

(Accelerometer Located at Center of Gravity). .................................................... 51 
Figure D.1.  Sequential Photographs for Test No. 609731-6 (Oblique and Perpendicular 

Views). .................................................................................................................. 56 
Figure D.2.  Vehicle Angular Displacements for Test No. 609731-6. ...................................... 59 
Figure D.3.  Vehicle Longitudinal Accelerometer Trace for Test No. 609731-6 

(Accelerometer Located at Center of Gravity). .................................................... 60 
Figure D.4.  Vehicle Lateral Accelerometer Trace for Test No. 609731-6 

(Accelerometer Located at Center of Gravity). .................................................... 61 
Figure D.5.  Vehicle Vertical Accelerometer Trace for Test No. 609731-6 

(Accelerometer Located at Center of Gravity). .................................................... 62 
 
 



 

TR No. 609731-5&6 xiv 2021-12-15 

LIST OF TABLES 

 Page 
Table 3.1.  Test Conditions and Evaluation Criteria Specified for | MASH TL-3 

Support Structures. .................................................................................................. 9 
Table 3.2.  Evaluation Criteria Required for MASH TL-3 Support Structures. ...................... 10 
Table 5.1.  Events during Test No. 609731-5. ........................................................................ 16 
Table 5.2.  Occupant Risk Factors for Test No. 609731-5. .................................................... 19 
Table 6.1. Events during Test No. 609731-6. ........................................................................ 22 
Table 6.2.  Occupant Risk Factors for Test No. 609731-6. .................................................... 24 
Table 7.1.  Performance Evaluation Summary for MASH Test 3-61 on Modified 

Minnesota Swing-Away Mailbox Impacting Cantilever Arm and Mailbox 
Assembly............................................................................................................... 28 

Table 7.2.  Performance Evaluation Summary for MASH Test 3-61 on Modified 
Minnesota Swing-Away Mailbox Impacting Vertical Mailbox Support. ............. 29 

Table C.1.  Summary of Strong Soil Test Results for Establishing Installation 
Procedure. ............................................................................................................. 41 

Table C.2.  Test Day Static Soil Strength Documentation for Test No. 609731-5 and 6. ....... 42 
Table C.1.  Vehicle Properties for Test No. 609731-5. ........................................................... 43 
Table C.2.  Exterior Crush Measurements for Test No. 609731-5. ......................................... 44 
Table C.3.  Occupant Compartment Measurements for Test No. 609731-5. .......................... 45 
Table D.1.  Vehicle Properties for Test No. 609731-6. ........................................................... 53 
Table D.2.  Exterior Crush Measurements for Test No. 609731-6. ......................................... 54 
Table D.3.  Occupant Compartment Measurements for Test No. 609731-6. .......................... 55 
 
 



 

TR No. 609731-5&6 1 2021-12-15 

 INTRODUCTION 

1.1. PROBLEM STATEMENT 

The Minnesota Department of Transportation (MnDOT) has a swing-away mailbox 
support for use in locations where snow and ice removal during the winter presents a problem. 
The MnDOT design utilizes a cantilevered arm that permits snowplow operation beyond the 
shoulder or curb line, thereby reducing snow drifting on the roadway and reducing the potential 
for damage to the mailbox support. 

The MnDOT swing-away mailbox support was tested and evaluated by the Texas A&M 
Transportation Institute (TTI) in 1993 (1) in accordance with the guidelines outlined in National 
Cooperative Highway Research Program (NCHRP) Report 350 (2) and the American 
Association of State Highway and Transportation Officials (AASHTO) Standard Specifications 
for Structural Supports for Highway Signs, Luminaires and Traffic Signals (3). The performance 
of a single mailbox support was found to be marginally acceptable. Although the windshield of 
the impacting vehicle was completely shattered, high-speed film indicated that the mailbox 
assembly did not intrude or penetrate into the occupant compartment. 

Subsequent to the crash testing, design modifications were made to the swing-away 
mailbox support by MINNCOR Industries. There was a need to evaluate these design changes 
through full-scale crash testing to determine whether or not they adversely influenced the 
crashworthiness of the mailbox system. The modified design was evaluated and crash tested by 
TTI in 2006 (4) in accordance with the guidelines outlined in NCHRP Report 350 (2) and the 
AASHTO Standard Specifications for Structural Supports for Highway Signs, Luminaires and 
Traffic Signals (3). The performance of a single mailbox support was found to be marginally 
acceptable. Although contact with the mailbox caused a tear in the windshield, no pieces or 
components of the mailbox system penetrated the occupant compartment. 

AASHTO recently published a second edition of the Manual for Assessing Safety 
Hardware (MASH) (5). As part of this update process, AASHTO and the Federal Highway 
Administration (FHWA) developed and adopted a revised joint implementation agreement that 
establishes compliance dates for use of MASH hardware for new installations and full 
replacements on the National Highway System (NHS) that differ by hardware category. 

Mailbox supports fall under breakaway hardware and, therefore, have a MASH 
implementation date of December 31, 2019. Many state DOTs are currently identifying and 
prioritizing their roadside safety devices that will require MASH testing. MnDOT has prioritized 
their swing-away mailbox support as a device requiring MASH testing and evaluation. 

1.2. OBJECTIVE 

No modifications to the MnDOT swing-away mailbox support have occurred since the 
2006 testing. In the previous testing conducted on the original and modified swing-away mailbox 
designs (1,4), substantial windshield damage was observed. Based on review of this previous 
testing and other recent mailbox tests, some modifications to the 2006 design may be needed for 
it to comply with MASH criteria. The modification under consideration is a vertical extension at 
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the end of the cantilever support that can engage the front end of the vehicle, thereby reducing 
interaction of the mailbox with the vehicle windshield. 

The objective of the study is to test and evaluate a modified swing-away mailbox support 
in accordance with MASH criteria. 

1.3. WORK PLAN 

The work plan for the project consisted of four tasks.  Details of these four tasks are 
described below. 

1.3.1. Task 1:  Develop Design Modifications 

Substantial windshield damage was observed during the previous testing conducted on 
the modified swing-away mailbox design (4). When the vehicle impacted the support post, the 
windshield was shattered and had an opening of 15.7 inches × 11.8 inches near the center. When 
the vehicle impacted the mailbox assembly independent of the support, the windshield was 
shattered over an area measuring 24.4 inches × 17.7 inches and sustained a cut measuring 
5.5 inches × 0.6 inch near the right A-pillar. Under MASH, the windshield has a maximum 
deformation threshold of 3 inches and is not permitted to have a tear in the plastic safety liner 
(i.e., no holes, cuts, or tears through the windshield). 

Under this task, the cantilever arm of the swing-away mailbox was modified to mitigate 
the mailbox contact and related windshield damage. The modification consisted of a vertical 
extension at the end of the cantilever support that can engage the front end of the vehicle,  
thereby accelerating the mailbox assembly and cantilever arm. This involved an extension of the 
tubular support that extended downward and then loops back to attach to the support to provide 
better strength. This would hopefully eliminate or reduce the severity of any interaction between 
the mailbox and vehicle windshield, and enable the swing-away mailbox to satisfy MASH impact 
performance criteria. 

Test installation drawings for the modified support structure were prepared and submitted 
to the technical representative for review and approval. Upon approval of the test installation 
drawings, prototype supports were fabricated for testing and evaluation under Tasks 2 and 3. 

1.3.2. Task 2:  MASH Test 3-61 Impacting Vertical Mailbox Support 

The recommended Test Level 3 (TL-3) MASH test matrix for evaluation of breakaway 
supports consists of three full-scale crash tests: test designations 3-60, 3-61, and 3-62. Test 
designation 3-60 involves a 2420-lb (1100 kg) passenger car impacting the support at a speed of 
19 mph (30 km/h) and the critical impact angle (CIA) between zero and 25 degrees. Test 
designation 3-61 involves a 2420-lb (1100 kg) passenger car impacting the support at a speed of 
62 mph (100 km/h) at the CIA. Test designation 3-62 involves a 5000-lb (2270 kg) pickup truck 
impacting the support at a speed of 62 mph (100 km/h) at the CIA. 

Previous testing of the MnDOT swing-away mailbox under NCHRP Report 350 with a 
1800-lb (820 kg) passenger car demonstrated that the low-speed test (test designation 3-60) 
posed no problems or concerns (1). In this test (Test No. 471470-11), the mailbox system readily 
released from its base and was propelled forward with only minor damage to the vehicle front 
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end and without windshield contact. Consequently, the researchers do not feel that a repeat of 
this test is necessary on the modified design under MASH. 

The small passenger car is considered the critical design vehicle based on the mailbox 
mounting height that is dictated by the United States Postal Service. As shown in Figure 1.1, the 
taller hood height and longer wrap-around distance (i.e., the distance from the ground, around the 
front end, and across the hood to the base of the windshield) of the pickup truck significantly 
decreases the probability of windshield impact and occupant compartment intrusion. 
Consequently, the researchers do not feel that test 3-62 is necessary on the modified swing-away 
mailbox design under MASH. 
 

 
Figure 1.1.  Vehicle-Mailbox Geometrics for 2270P MASH Pickup Truck. 

Rather, it was proposed to conduct two high-speed tests (test designation 3-61) to 
evaluate two different impact scenarios associated with the cantilevered design of the swing-
away mailbox. In the first test which was performed under this task, the left front quarter point of 
the 2420-lb (1100-kg) passenger car will be aligned with and impact the vertical mailbox support 
at a speed of 62 mi/h (100 km/h). The quarter point was selected as the point of impact to permit 
evaluation of the interaction between the cantilevered arm and mailbox assembly with the 
windshield after release of the support from its base. 

TTI constructed, tested, and evaluated the modified swing-away mailbox support in 
accordance with MASH impact performance guidelines. The full-scale crash testing was 
performed at the TTI Proving Ground according to TTI Proving Ground quality procedures, and 
according to the MASH guidelines and standards. The TTI Proving Ground is an International 
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Standards Organization/International Electrotechnical Commission (ISO/IEC) 17025-accredited 
laboratory. 

MnDOT was responsible for providing a swing-away mailbox support that conforms to 
the design changes previously developed by MINNCOR Industries for use in the test. The 
mailbox support was delivered to TTI Proving Ground at no cost to the project. TTI Proving 
Ground was responsible for modifying the mailbox support following the design details 
developed and approved under Task 1. TTI Proving Ground also provided all other parts, 
equipment, and facilities required to conduct the crash test. 

1.3.3. Task 3.  MASH Test 3-61 Impacting the Cantilever Arm and Mailbox Assembly 

The cantilevered design of the MnDOT swing-away mailbox permits the mailbox 
assembly to engage the windshield of the vehicle without the front of the vehicle impacting the 
vertical support. In the second test, the centerline of the 2420-lb (1100 kg) passenger car was 
aligned with the centerline of the mailbox unit. The impact speed was 62 mi/h (100 km/h). This 
test condition evaluates whether or not the design change to the cantilever support prevents 
contact with and limits damage to the windshield of the impacting vehicle. 

MnDOT was responsible for providing a swing-away mailbox support that conforms to 
the design changes previously developed by MINNCOR Industries for use in the test. The 
mailbox support was delivered to TTI Proving Ground at no cost to the project. TTI Proving 
Ground was responsible for modifying the mailbox support following the design details 
developed and approved under Task 1. TTI Proving Ground provided all other parts, equipment, 
and facilities required to conduct the crash test. 

1.3.4. Task 4:  Preparation and Submittal of Project Deliverables 

TTI Proving Ground prepared this report documenting the testing performed on the 
updated swing-away mailbox support in a format suitable for submittal to FHWA. Additionally, 
TTI Proving Ground provided composite video and photographic documentation for each crash 
test. 

The full-scale crash testing was successful, and it was concluded that the updated swing-
away mailbox complies with MASH criteria.  Therefore, the researchers prepared a draft request 
for FHWA eligibility that could be reviewed and submitted to FHWA by the project technical 
representative. Additionally, TTI Proving Ground provided documentation and required 
drawings for submission to the Task Force 13 Online Guide to Standardized Small Sign Support 
Hardware. 

This report provides details on the modified swing-away mailbox, the crash tests and 
results, and the performance assessment of the mailbox for MASH TL-3 support structure 
evaluation criteria. 
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 SYSTEM DETAILS 

2.1. TEST ARTICLE AND INSTALLATION DETAILS 

The installation consisted of a mailbox and newspaper box mounted onto a swinging post 
assembly. The post assembly was anchored to the ground by being set inside a 2-inch square 
12-gauge × 64-inch-long perforated steel tube, which was embedded 48 inches deep into the 
base.  A collar was secured to the mailbox mounting tube with a ⅜ × 3-inch-long grade 5 hex 
bolt, washers, and nut. Additionally, a length of proof coil chain tethered the collar to the lower 
leg of the mount tubing to limit rotation. The swinging post assembly located the bottom of the 
mailbox 43 inches above the roadway. 

Figure 2.1 presents the overall information on the Modified Minnesota Swing-Away 
Mailbox, and Figure 2.2 provides photographs of the installation. Appendix A provides further 
details on the Modified Minnesota Swing-Away Mailbox. Drawings were provided by the Texas 
A&M Transportation Institute (TTI) Proving Ground, and construction was performed by TTI 
Proving Ground personnel. 

2.2. DESIGN MODIFICATIONS DURING TESTS 

No modification was made to the installation during the testing phase.  

2.3. MATERIAL SPECIFICATIONS  

Appendix B provides material certification documents for the materials used to 
install/construct the Modified Minnesota Swing-Away Mailbox.  

2.4 SOIL CONDITIONS  

The test installation was installed in standard soil meeting grading D of AASHTO 
standard specification M147-2017 “Materials for Aggregate and Soil-Aggregate Subbase, Base, 
and Surface Courses.” 

In accordance with Appendix B of MASH, soil strength was measured the day of the 
crash test. During installation of the mailbox for full-scale crash testing, two 6-ft long W6×16 
posts were installed in the immediate vicinity of the mailbox assembly using the same fill 
materials and installation procedures used in the test installation and the standard dynamic test. 
Table C.1 in Appendix C presents minimum soil strength properties established through the 
dynamic testing performed in accordance with MASH Appendix B. 

As determined by the tests summarized in Appendix C, Table C.1, the minimum post 
loads required for deflections at 5 inches, 10 inches, and 15 inches, measured at a height of 
25 inches, are 4420 lbf, 4981 lbf, and 5282 lbf (90 percent of static load for the initial standard 
installation). On the day of the test, June 24, 2021, loads on the post at deflections of 5 inches, 
10 inches, and 15 inches were 5434 lbf, 6105 lbf, and 7024 lbf. Table C.2 in Appendix C shows 
the strength of the backfill material in which the Modified Minnesota Swing-Away Mailbox was 
installed met minimum MASH requirements for soil strength.  
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Figure 2.1. Details of Modified Minnesota Swing-Away Mailbox. 
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Figure 2.2. Modified Minnesota Swing-Away Mailbox prior to Testing. 
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 TEST REQUIREMENTS AND EVALUATION CRITERIA  

3.1. CRASH TEST PERFORMED/MATRIX 

Table 3.1 shows the test conditions and evaluation criteria for MASH TL-3 for support 
structures.  The target critical impact angle (CIA) was determined to using the information 
provided in MASH Section 2.2.4 and Figure 2-5.  Figure 3.1 shows the CIA was the orientation 
the mailbox encountered as a vehicle traveled down the roadway (0 degree). 

Table 3.1. Test Conditions and Evaluation Criteria Specified for | 
MASH TL-3 Support Structures. 

Test Article Test  
Designation 

Test  
Vehicle 

Impact Conditions Evaluation  
Criteria Speed Angle Kinetic Energy 

Support 
Structures 

3-60 1100C 19 mi/h CIA ≤34 kip-ft B, D, F, H, I, N 

3-61 1100C 62 mi/h CIA ≥288 kip-ft B, D, F, H, I, N 

3-62 2270P 62 mi/h CIA ≥594 kip-ft B, D, F, H, I, N 

 

 
Figure 3.1. Target Impact for MASH Test 3-61 (Test No. 609731-5) on Modified Minnesota 

Swing-Away Mailbox Impacting Cantilever Arm and Mailbox Assembly. 

 
Figure 3.2. Target Impact for MASH Test 3-61 (Test No. 609731-6) on Modified Minnesota 

Swing-Away Mailbox Impacting Vertical Mailbox Support. 
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The crash tests and data analysis procedures were in accordance with guidelines 
presented in MASH. Chapter 4 presents brief descriptions of these procedures. 

3.2. EVALUATION CRITERIA 

The appropriate safety evaluation criteria from Tables 2-5 and 5-1 of MASH were used to 
evaluate the crash tests reported herein. Figure 3.1 lists the test conditions and evaluation criteria 
required for MASH TL-3, and Table 3.2 provides detailed information on the evaluation criteria. 
An evaluation of the crash test results is presented in Chapter 8. 

Table 3.2. Evaluation Criteria Required for MASH TL-3 Support Structures. 
Evaluation 

Factors Evaluation Criteria MASH Test 

 B. The test article should readily activate in a predictable manner 
by breaking away, fracturing, or yielding. 

3-60, 3-61, 
and 3-62 

Occupant 
Risk 

D. Detached elements, fragments, or other debris from the test 
article should not penetrate or show potential for penetrating the 
occupant compartment, or present undue hazard to other traffic, 
pedestrians, or personnel in a work zone.  3-60, 3-61, 

and 3-62 
Deformations of, or intrusions into, the occupant compartment 
should not exceed limits set forth in Section 5.2.2 and Appendix 
E of MASH. 

F. The vehicle should remain upright during and after collision. 
The maximum roll and pitch angles are not to exceed 75 degrees. 

3-60, 3-61, 
and 3-62 

H. Occupant impact velocities (OIV) should satisfy the following 
limits: Preferred value of 10 ft/s, or maximum allowable value of 
16 ft/s. 

3-60, 3-61, 
and 3-62 

I. The occupant ridedown accelerations should satisfy the 
following: Preferred value of 15.0 g, or maximum allowable 
value of 20.49 g. 

3-60, 3-61, 
and 3-62 

Post-Impact 
Vehicular 
Response 

N. Vehicle trajectory behind the test article is acceptable. 3-60, 3-61, 
and 3-62 
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 TEST CONDITIONS 

4.1. TEST FACILITY 

The full-scale crash tests reported herein were performed at the TTI Proving Ground, an 
International Standards Organization (ISO)/International Electrotechnical Commission (IEC) 
17025-accredited laboratory with American Association for Laboratory Accreditation (A2LA) 
Mechanical Testing Certificate 2821.01. The full-scale crash tests were performed according to 
TTI Proving Ground quality procedures, as well as MASH guidelines and standards. 

The test facilities of the TTI Proving Ground are located on The Texas A&M University 
System RELLIS Campus, which consists of a 2000-acre complex of research and training 
facilities situated 10 mi northwest of the flagship campus of Texas A&M University. The site, 
formerly a United States Army Air Corps base, has large expanses of concrete runways and 
parking aprons well suited for experimental research and testing in the areas of vehicle 
performance and handling, vehicle-roadway interaction, highway pavement durability and 
efficacy, and roadside safety hardware and perimeter protective device evaluation. The site 
selected for construction and testing of the mailbox was in soil within the surface of an out-of-
service apron. The apron consists of an unreinforced jointed-concrete pavement in 12.5-ft × 15-ft 
blocks nominally 6 inches deep. The aprons were built in 1942, and the joints have some 
displacement but are otherwise flat and level. 

4.2. VEHICLE TOW AND GUIDANCE SYSTEM 

Each vehicle was towed into the test installation using a steel cable guidance and reverse 
tow system. A steel cable for guiding the test vehicle was tensioned along the path, anchored at 
each end, and threaded through an attachment to the front wheel of the test vehicle. An additional 
steel cable was connected to the test vehicle, passed around a pulley near the impact point and 
through a pulley on the tow vehicle, and then anchored to the ground such that the tow vehicle 
moved away from the test site. A 2:1 speed ratio between the test and tow vehicle existed with 
this system. Just prior to impact with the installation, the test vehicle was released and ran 
unrestrained. The vehicle remained freewheeling (i.e., no steering or braking inputs) until it 
cleared the immediate area of the test site. 

4.3. DATA ACQUISITION SYSTEMS 

4.3.1. Vehicle Instrumentation and Data Processing 

Each test vehicle was instrumented with a self-contained onboard data acquisition 
system. The signal conditioning and acquisition system is a 16-channel Tiny Data Acquisition 
System (TDAS) Pro produced by Diversified Technical Systems Inc. The accelerometers, which 
measure the x, y, and z axis of vehicle acceleration, are strain gauge type with linear millivolt 
output proportional to acceleration. Angular rate sensors, measuring vehicle roll, pitch, and yaw 
rates, are ultra-small, solid-state units designed for crash test service. The TDAS Pro hardware 
and software conform to the latest SAE J211, Instrumentation for Impact Test. Each of the 
16 channels is capable of providing precision amplification, scaling, and filtering based on 
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transducer specifications and calibrations. During the test, data are recorded from each channel at 
a rate of 10,000 samples per second with a resolution of one part in 65,536. Once data are 
recorded, internal batteries back these up inside the unit in case the primary battery cable is 
severed. Initial contact of the pressure switch on the vehicle bumper provides a time zero mark 
and initiates the recording process. After each test, the data are downloaded from the TDAS Pro 
unit into a laptop computer at the test site. The Test Risk Assessment Program (TRAP) software 
then processes the raw data to produce detailed reports of the test results.  

Each of the TDAS Pro units is returned to the factory annually for complete recalibration 
and to ensure that all instrumentation used in the vehicle conforms to the specifications outlined 
by SAE J211. All accelerometers are calibrated annually by means of an ENDEVCO 2901 
precision primary vibration standard. This standard and its support instruments are checked 
annually and receive a National Institute of Standards Technology (NIST) traceable calibration. 
The rate transducers used in the data acquisition system receive calibration via a Genisco Rate-
of-Turn table. The subsystems of each data channel are also evaluated annually, using 
instruments with current NIST traceability, and the results are factored into the accuracy of the 
total data channel per SAE J211. Calibrations and evaluations are also made anytime data are 
suspect. Acceleration data are measured with an expanded uncertainty of ±1.7 percent at a 
confidence factor of 95 percent (k = 2). 

TRAP uses the data from the TDAS Pro to compute the occupant/compartment impact 
velocities, time of occupant/compartment impact after vehicle impact, and highest 
10˗millisecond (ms) average ridedown acceleration. TRAP calculates change in vehicle velocity 
at the end of a given impulse period. In addition, maximum average accelerations over 50˗ms 
intervals in each of the three directions are computed. For reporting purposes, the data from the 
vehicle-mounted accelerometers are filtered with an SAE Class 180-Hz low-pass digital filter, 
and acceleration versus time curves for the longitudinal, lateral, and vertical directions are 
plotted using TRAP.  

TRAP uses the data from the yaw, pitch, and roll rate transducers to compute angular 
displacement in degrees at 0.0001-s intervals, and then plots roll, pitch, and yaw versus time. 
These displacements are in reference to the vehicle-fixed coordinate system with the initial 
position and orientation being initial impact. Rate of rotation data is measured with an expanded 
uncertainty of ±0.7 percent at a confidence factor of 95 percent (k = 2). 

4.3.2. Anthropomorphic Dummy Instrumentation 

An Alderson Research Laboratories Hybrid II, 50th percentile male anthropomorphic 
dummy, restrained with lap and shoulder belts, was placed in the front seat on the opposite side 
of impact of the 1100C vehicle. The dummy was not instrumented.  

4.3.3. Photographic Instrumentation Data Processing 

Photographic coverage of each test included two digital high-speed cameras: 

• One placed upstream from the installation at an angle.  

• One placed with a field of view perpendicular to the installation/vehicle path.  
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A flashbulb on the impacting vehicle was activated by a pressure-sensitive tape switch to 
indicate the instant of contact with the mailbox. The flashbulb was visible from each camera. 
The video files from these digital high-speed cameras were analyzed to observe phenomena 
occurring during the collision and to obtain time-event, displacement, and angular data. A digital 
camera recorded and documented conditions of each test vehicle and the installation before and 
after the test. 
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 MASH TEST 3-61 (CRASH TEST NO. 609731-5) IMPACTING 
CANTILEVER ARM AND MAILBOX ASSEMBLY 

5.1. TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 

MASH Test 3-61 involves a 1100C vehicle weighing 2420 lb ± 55 lb impacting the CIP 
of the support structure at an impact speed of 62 mi/h ± 2.5 mi/h and an angle of 0 degrees 
± 1.5 degrees. Figure 3.1 and Figure 5.1 depict the target impact setup of the centerline of the 
mailbox aligned 14 inches to the left of the centerline, or quarter point, of the vehicle. 

  
  

Figure 5.1. Mailbox/Test Vehicle Geometrics for Test No. 609731-5. 

The 1100C vehicle weighed 2425 lb, and the actual impact speed and angle were 
63.1 mi/h and 0 degrees. The actual impact point was as described above as shown in Figure 5.1. 
Minimum target kinetic energy (KE) was 288 kip-ft, and actual KE was 323 kip-ft. 

5.2. WEATHER CONDITIONS 

The test was performed on the morning of June 24, 2021. Weather conditions at the time 
of testing were as follows: wind speed: 9 mi/h; wind direction: 202 degrees (vehicle was 
traveling at a heading of 170 degrees); temperature: 89°F; relative humidity: 77 percent. 

5.3. TEST VEHICLE  

Figure 5.2 shows the 2016 Nissan Versa used for the crash test. The vehicle’s test inertia 
weight was 2425 lb, and its gross static weight was 2590 lb. The height to the lower edge of the 
vehicle bumper was 7.0 inches, and the height to the upper edge of the bumper was 22.25 inches. 
Table C.1 in Appendix C.1 gives additional dimensions and information on the vehicle. The 
vehicle was directed into the installation using a cable reverse tow and guidance system, and was 
released to be freewheeling and unrestrained just prior to impact. 
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Figure 5.2. Test Vehicle before Test No. 609731-5. 

5.4. TEST DESCRIPTION 

Table 5.1 lists events that occurred during Test No. 609731-5. Figures C.1 and C.2 in 
Appendix C.2 present sequential photographs during the test. 

Table 5.1. Events during Test No. 609731-5. 
Time (s) Events 
0.0000 Vehicle impacts cantilever arm and mailbox assembly 
0.0363 Upper post begins to separate from lower post above chain 
0.0513 Soil begins to be disturbed at base of post 
0.0788 Upper post completely separated from lower post 
0.1487 Post pulled completely out of ground 

 
Brakes on the vehicle were applied at 2.2 s after impact, the vehicle subsequently came to 

rest 315 ft downstream of the point of impact and 15 ft left of the vehicle impact path.  

5.5. DAMAGE TO TEST INSTALLATION 

Figure 5.3 shows the damage to the mailbox. The perforated steel tubing pulled 
completely out from the ground, and the entire mailbox assembly landed 319 ft downstream and 
30 ft to the left of impact, except for the newspaper box, which disconnected from the mailbox at 
impact. The mailbox was deformed, and the top portion of the mailbox mount opened and 
separated from the leg. 



 

TR No. 609731-5&6 17 2021-12-15 

  

  

  
 

Figure 5.3. Mailbox after Test No. 609731-5. 

5.6. DAMAGE TO TEST VEHICLE 

Figure 5.4 shows the damage sustained by the vehicle. The front bumper, hood, grill, 
radiator and support, left front fender, and left front door were damaged. The windshield was 
cracked over an area 16 inches × 11 inches and 0.25 inch deep, however there were no holes, 
cuts, or tears in the laminate. No fuel tank damage was observed. Maximum exterior crush to the 
vehicle was 8.0 inches in the front plane at the left front corner at bumper height. Maximum 
occupant compartment deformation was 0.25 inches in the windshield with no other deformation 
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or intrusion. Figure 5.5 shows the interior of the vehicle. Tables C.2 and C.3 in Appendix C.1 
provide exterior crush and occupant compartment measurements. 

  
  

Figure 5.4. Test Vehicle after Test No. 609731-5. 

  
  

Figure 5.5. Interior of Test Vehicle after Test No. 609731-5. 

5.7. OCCUPANT RISK FACTORS 

Data from the accelerometers were digitized for evaluation of occupant risk, and the 
results are shown in Table 5.2. Figure C.3 in Appendix C.3 shows the vehicle angular 
displacements, and Figures C.4 through C.6 in Appendix C.4 show acceleration versus time 
traces. Figure 5.6 summarizes pertinent information from the test.  
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Table 5.2. Occupant Risk Factors for Test No. 609731-5. 
Occupant Risk Factor Value Time 
Occupant Impact Velocity (OIV)   

 Longitudinal 5.2 ft/s at 0.4469 s on right side of interior  Lateral 4.8 ft/s 
Occupant Ridedown Accelerations   

 Longitudinal 0.6 g 0.6294 - 0.6394 s 
 Lateral 0.9 g 1.0410 - 1.0510 s 

Theoretical Head Impact Velocity (THIV) 2.2 m/s at 0.3770 s on right side of interior 
Acceleration Severity Index (ASI) 0.2 0.0767 - 0.1267 s 
Maximum 50-ms Moving Average    

 Longitudinal −1.7 g 0.0682 - 0.1182 s 
 Lateral −1.0 g 0.1652 - 0.2152 s 

 Vertical 1.2 g 0.0311 - 0.0811 s 
Maximum Yaw, Pitch, and Roll Angles   

 Roll 6° 0.3438 s 
 Pitch 2° 0.2837 s 
 Yaw 15° 0.5381 s 
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0.000 s 0.100 s 0.200 s 0.300 s 

 

 
 
General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 Installation Height ..............  
 Material or Key Elements ...  
 
Soil Type and Condition .....  
 
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-61 
609731-5 
2021-06-24 
 
Support Structure—Mailbox 
Modified Minnesota Swing-Away Mailbox 
43 inches from bottom to roadway 
 
 
AASHTO M147-2017, grading D Soil 
(crushed concrete), damp 
 
1100C 
2016 Nissan Versa 
2382 lb 
2425 lb 
165 lb 
2590 lb 

Impact Conditions 
 Speed ................................  
 Angle .................................  
 Location/Orientation ...........  
 
Kinetic Energy .....................  
Exit Conditions 
 Speed ................................  
 
Occupant Risk Values 
 Longitudinal OIV ................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV ..................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal ....................  
  Lateral.............................  
  Vertical ............................  

 
63.1 mi/h 
0° 
Impacting Arm and 
Mailbox Assembly 
323 kip-ft 
 
56.9 mi/h 
 
 
5.2 ft/s 
4.8 ft/s 
0.6 g 
0.9 g 
2.2 m/s 
0.2 
 
−1.7 g 
−1.0 g 
1.2 g 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Roll Angle .................  
 Maximum Pitch Angle ...............  
 Maximum Yaw Angle ................  
 
Test Article Scatter 
 Longitudinal ..............................  
 Lateral .......................................  
 
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI.........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
315 ft downstream 
15 ft left of center 
 
6° 
2° 
15° 
 
 
319 ft downstream  
30 ft to the left 
 
 
12LFQ3 
12FLEN3 
8.0 inches 
LF0000000 
 
0.25 inch 
 

Figure 5.6. Summary of Results for MASH Test 3-61 on Modified Minnesota Swing-Away Mailbox Impacting Cantilever Arm 
and Mailbox Assembly. 
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 MASH TEST 3-61 (CRASH TEST NO. 609731-6) IMPACTING 
VERTICAL MAILBOX SUPPORT 

6.1. TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 

MASH Test 3-61 involves a 1100C vehicle weighing 2420 lb ± 55 lb impacting the CIP 
of the support structure at an impact speed of 62 mi/h ± 2.5 mi/h and an angle of 0 degrees 
± 1.5 degrees. Figure 3.2 and Figure 6.1 depict the target impact setup of the centerline of the 
support post aligned 14 inches to the right of the centerline, or quarter point, of the vehicle. 

  
  

Figure 6.1. Mailbox/Test Vehicle Geometrics for Test No. 609731-6. 

The 1100C vehicle weighed 2422 lb, and the actual impact speed and angle were 
62.8 mi/h and 0 degrees. The actual impact point was as described above and shown in 
Figure 6.1. Minimum target KE was 288 kip-ft, and actual KE was 320 kip-ft. 

6.2. WEATHER CONDITIONS 

The test was performed on the afternoon of June 24, 2021. Weather conditions at the time 
of testing were as follows: wind speed: 10 mi/h; wind direction: 186 degrees (vehicle was 
traveling at a heading of 170 degrees); temperature: 94°F; relative humidity: 66 percent. 

6.3. TEST VEHICLE  

Figure 6.1 shows the 2015 Nissan Versa used for the crash test. The vehicle’s test inertia 
weight was 2422 lb, and its gross static weight was 2587 lb. The height to the lower edge of the 
vehicle bumper was 7.0 inches, and height to the upper edge of the bumper was 22.25 inches. 
Table D.1 in Appendix D.1 gives additional dimensions and information on the vehicle. The 
vehicle was directed into the installation using a cable reverse tow and guidance system and was 
released to be freewheeling and unrestrained just prior to impact. 
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6.4. TEST DESCRIPTION 

Table 6.1 lists events that occurred during Test No. 609731-6. Figures D.1 and D.2 in 
Appendix D.2 present sequential photographs during the test. 

Table 6.1. Events during Test No. 609731-6. 
Time (s) Events 
0.0000 Vehicle impacted the installation 
0.0190 Soil begins to be disturbed at base of post 
0.0540 Lower tube section breaks from main post 

 
Brakes on the vehicle were applied at 2.2 s after impact, the vehicle subsequently came to 

rest 328 ft downstream of the point of impact along the vehicle impact path.  

6.5. DAMAGE TO TEST INSTALLATION 

Figure 6.2 shows the damage to the mailbox. The perforated post pulled out of the ground 
and laid over at the impact area. The lower gusset plate, connecting the post and the lower 
horizontal pipe broke. The mailbox landed 155 ft downstream and 29 ft to the right of impact, 
and the mailbox pipe landed 400 ft downstream and 52 ft to the right.  

6.6. DAMAGE TO TEST VEHICLE 

Figure 6.3 shows the damage sustained by the vehicle. The front bumper, hood, and grill 
were damaged. The hood sustained two deformation areas; one 4 inches × 6 inches × 1.25 inches 
deep to the right of centerline, and another 8 inches × 8 inches × 2.5 inches deep 19 inches to the 
left of centerline. The windshield was not cracked, shattered, or torn. No fuel tank damage was 
observed. Maximum exterior crush to the vehicle was 4.0 inches in the front plane at the front at 
bumper height. No occupant compartment deformation or intrusion was observed. Figure 6.4 
shows the interior of the vehicle. Tables D.3 and D.4 in Appendix D.1 provide exterior crush and 
occupant compartment measurements. 

6.7. OCCUPANT RISK FACTORS 

Data from the accelerometers were digitized for evaluation of occupant risk, and the 
results are shown in Table 6.2. Figure D.3 in Appendix D.3 shows the vehicle angular 
displacements, and Figures D.4 through D.6 in Appendix D.4 show acceleration versus time 
traces. Figure 6.5 summarizes pertinent information from the test.  
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Figure 6.2. Mailbox after Test No. 609731-6. 
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Figure 6.3. Test Vehicle after Test No. 609731-6. 

  
  

Figure 6.4. Interior of Test Vehicle after Test No. 609731-6. 

Table 6.2. Occupant Risk Factors for Test No. 609731-6. 
Occupant Risk Factor Value Time 
Occupant Impact Velocity (OIV)   

 Longitudinal 5.8 ft/s at 0.3729 s on front of interior  Lateral 0.1 ft/s 
Occupant Ridedown Accelerations   

 Longitudinal 0.5 g 0.7620 - 0.7720 s 
 Lateral 0.7 g 0.8096 - 0.8196 s 

Theoretical Head Impact Velocity (THIV) 1.8 m/s at 0.3722 s on front of interior 
Acceleration Severity Index (ASI) 0.3 0.0231 - 0.0731 s 
Maximum 50-ms Moving Average    

 Longitudinal −3.1 g 0.0043 - 0.0543 s 
 Lateral −0.5 g 0.0518 - 0.1018 s 

 Vertical 1.2 g 0.1102 - 0.1602 s 
Maximum Yaw, Pitch, and Roll Angles   

 Roll 3° 2.0000 s 
 Pitch 2° 0.2044 s 
 Yaw 3° 0.3719 s 
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0.000 s 0.050 s 0.100 s 0.300 s 

 

 
 
General Information 
 Test Agency .......................  
 Test Standard Test No. ......  
 TTI Test No.  ......................  
 Test Date ...........................  
Test Article 
 Type ..................................  
 Name .................................  
 Installation Length ..............  
 Material or Key Elements ...  
 
Soil Type and Condition .....  
 
Test Vehicle 
 Type/Designation ...............  
 Make and Model ................  

  Curb ...................................  
 Test Inertial ........................  
 Dummy ..............................  
 Gross Static .......................  

 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-61 
609731-6 
2021-06-24 
 
Support Structure—Mailbox 
Modified Minnesota Swing-Away Mailbox 
43 inches from bottom to roadway 
 
 
AASHTO M147-2017, grading D Soil 
(crushed concrete), damp 
 
1100C 
2015 Nissan Versa 
2431 lb 
2422 lb 
165 lb 
2587 lb 

Impact Conditions 
 Speed ...............................  
 Angle ................................  
 Location/Orientation .........  
 
Kinetic Energy .....................  
Exit Conditions 
 Speed ...............................  
 
Occupant Risk Values 
 Longitudinal OIV ...............  
 Lateral OIV .......................  

  Longitudinal Ridedown .....  
 Lateral Ridedown..............  
 THIV .................................  
 ASI ...................................  
Max. 0.050-s Average  
  Longitudinal ...................  
  Lateral ...........................  
  Vertical ..........................  

 
62.8 mi/h 
0° 
Impacting Vertical 
Mailbox Support 
320 kip-ft 
 
56.9 mi/h 
 
 
5.8 ft/s 
0.1 ft/s 
0.5 g 
0.7 g 
1.8 m/s 
0.3 
 
−3.1 g 
−0.5 g 
1.2 g 

Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Roll Angle .................  
 Maximum Pitch Angle ...............  
 Maximum Yaw Angle ................  
 
Test Article Scatter 
 Longitudinal ..............................  
 Lateral .......................................  
 
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation .........  
 OCDI.........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
328 ft downstream 
In-line 
 
3° 
2° 
3° 
 
 
400 ft downstream 
52 ft right of center 
 
 
12FC2 
12FCEN2 
4.0 inches 
FS0000000 
 
None 
 

Figure 6.5. Summary of Results for MASH Test 3-61 on Modified Minnesota Swing-Away Mailbox Impacting Vertical 
Mailbox Support. 
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 SUMMARY AND CONCLUSIONS 

7.1. ASSESSMENT OF TEST RESULTS 

The crash tests reported herein was/were performed in accordance with MASH TL-3 on 
the Modified Minnesota Swing-Away Mailbox. Table 7.1 and Table 7.2 provide an assessment 
of each test based on the applicable safety evaluation criteria for MASH TL-3 support structures.  

7.2. CONCLUSIONS 

The Modified Minnesota Swing-Away Mailbox met the performance criteria for MASH 
Test 3-61 when impacting the cantilever arm and mailbox assembly and Test 3-61 when 
impacting the vertical mailbox support. 
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Table 7.1. Performance Evaluation Summary for MASH Test 3-61 on Modified Minnesota Swing-Away Mailbox 
Impacting Cantilever Arm and Mailbox Assembly. 

Test Agency: Texas A&M Transportation Institute Test No.: 609731-5   Test Date: 2021-06-24 
MASH Test 3-61 Evaluation Criteria Test Results Assessment 

Structural Adequacy   
B. The test article should readily activate in a predictable 

manner by breaking away, fracturing, or yielding. 
The mailbox readily activated by yielding to the 
1100C vehicle. Pass 

Occupant Risk   
D. Detached elements, fragments, or other debris from 

the test article should not penetrate or show potential 
for penetrating the occupant compartment, or present 
an undue hazard to other traffic, pedestrians, or 
personnel in a work zone.  

The detached elements of the mailbox assembly 
did not penetrate or show potential for 
penetrating the occupant compartment, or present 
undue hazard to others in the area. Pass  

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in 
Section 5.2.2 and Appendix E of MASH. 

Maximum occupant compartment deformation 
was 0.25 inches in the windshield. 

F. The vehicle should remain upright during and after 
collision. The maximum roll and pitch angles are not 
to exceed 75 degrees. 

The 1100C vehicle remained upright during and 
after the collision event. Maximum roll and pitch 
angles were 6° and 2°. 

Pass 

H. Occupant impact velocities (OIV) should satisfy the 
following limits: Preferred value of 10 ft/s, or 
maximum allowable value of 16 ft/s. 

Longitudinal OIV was 5.2 ft/s, and lateral OIV 
was 4.8 ft/s. Pass 

I. The occupant ridedown accelerations should satisfy 
the following limits: Preferred value of 15.0 g, or 
maximum allowable value of 20.49 g. 

Longitudinal occupant ridedown acceleration 
was 0.6 g, and lateral occupant ridedown 
acceleration was 0.9 g. 

Pass 

Vehicle Trajectory   
N. Vehicle trajectory behind the test article is acceptable. The 1100C vehicle came to rest 315 ft 

downstream of the point of impact and 15 ft left 
of the vehicle impact path 

Pass 
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Table 7.2. Performance Evaluation Summary for MASH Test 3-61 on Modified Minnesota Swing-Away Mailbox 
Impacting Vertical Mailbox Support. 

Test Agency: Texas A&M Transportation Institute Test No.: 609731-6   Test Date: 2021-06-24 
MASH Test 3-61 Evaluation Criteria Test Results Assessment 

Structural Adequacy   
B. The test article should readily activate in a predictable 

manner by breaking away, fracturing, or yielding. 
The mailbox readily activated by yielding to the 
1100C vehicle. Pass 

Occupant Risk   
D. Detached elements, fragments, or other debris from 

the test article should not penetrate or show potential 
for penetrating the occupant compartment, or present 
an undue hazard to other traffic, pedestrians, or 
personnel in a work zone.  

The detached elements of the mailbox assembly 
did not penetrate or show potential for 
penetrating the occupant compartment, or present 
undue hazard to others in the area. Pass  

Deformations of, or intrusions into, the occupant 
compartment should not exceed limits set forth in 
Section 5.2.2 and Appendix E of MASH. 

No occupant compartment deformation or 
intrusion was observed. 

F. The vehicle should remain upright during and after 
collision. The maximum roll and pitch angles are not 
to exceed 75 degrees. 

The 1100C vehicle remained upright during and 
after the collision event. Maximum roll and pitch 
angles were 3° and 2°. 

Pass 

H. Occupant impact velocities (OIV) should satisfy the 
following limits: Preferred value of 10 ft/s, or 
maximum allowable value of 16 ft/s. 

Longitudinal OIV was 5.8 ft/s, and lateral OIV 
was 0.1 ft/s. Pass 

I. The occupant ridedown accelerations should satisfy 
the following limits: Preferred value of 15.0 g, or 
maximum allowable value of 20.49 g. 

Longitudinal occupant ridedown acceleration 
was 0.5 g, and lateral occupant ridedown 
acceleration was 0.7 g. 

Pass 

Vehicle Trajectory   
N. Vehicle trajectory behind the test article is acceptable. The 1100C vehicle came to rest 328 ft 

downstream of the point of impact. Pass 
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APPENDIX B. SUPPORTING CERTIFICATION DOCUMENTS 

 

NEED CERTIFICATION DOCUMENTS 
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APPENDIX C. SOIL PROPERTIES 

Table C.1. Summary of Strong Soil Test Results for Establishing Installation 
Procedure. 

   

Dynamic Test Setup 
 

 

Post-Test 
Photo of post 

 

Static 
Load Test 

 

 
Post-Test 

Photo 

   
 

Dynamic  Test   Installation  Details 

 
Comparison of Load vs. Displacement  

 

Static Load Test Installation Details 
Date .......................................................................................  2020-02-02 
Test Facility and Site Location ................................................  TTI Proving Ground, 1254 Avenue A, Bryan, TX 77807 
In Situ Soil Description (ASTM D2487) ...................................  Sandy gravel with silty fines 
Fill Material Description (ASTM D2487) and sieve analysis ....  AASHTO M147 Grade D or Type D Crushed Concrete Road 

Base 
Description of Fill Placement Procedure .................................  12-inch lifts tamped with a pneumatic compactor for 20 sec 
Bogie Weight ..........................................................................  2020 lb 
Impact Velocity .......................................................................  19.2 mph 
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Table C.2. Test Day Static Soil Strength Documentation for Test No. 609731-5 and 6. 
 

 
 

Date ...............................................................  2021-06-24 – Test No. 609731-5 and 6 

Test Facility and Site Location ......................  TTI Proving Ground, 1254 Avenue A, Bryan, TX 77807 

In Situ Soil Description (ASTM D2487) .........  Sandy gravel with silty fines 

Fill Material Description (ASTM D2487)  
     and sieve analysis ....................................  

AASHTO M147 Grade D or Type D Crushed Concrete 
Road Base 

Description of Fill Placement Procedure .......  12-inch lifts tamped with pneumatic compactor for 20 s 
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APPENDIX C. MASH TEST 3-61 (CRASH TEST NO. 609731-5) 

C.1. VEHICLE PROPERTIES AND INFORMATION 

Table C.1. Vehicle Properties for Test No. 609731-5. 
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Table C.2. Exterior Crush Measurements for Test No. 609731-5. 
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Table C.3. Occupant Compartment Measurements for Test No. 609731-5. 
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C.2. SEQUENTIAL PHOTOGRAPHS 

 0.000 s  
   

 0.050 s  
   

 0.100 s  
   

 0.150 s  
Figure C.1. Sequential Photographs for Test No. 609731-5 (Oblique and Perpendicular 

Views). 
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 0.200 s  
   

 0.250 s  
   

 0.300 s  
   

 0.350 s  
Figure C.1. Sequential Photographs for Test No. 609731-5 (Oblique and Perpendicular 

Views) (Continued). 
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Figure C.2. Vehicle Angular Displacements for Test No. 609731-5. 

  

Axes are vehicle-fixed.  
Sequence for 
determining orientation: 

1. Yaw. 
2. Pitch. 
3. Roll. 

Test Number:  609731-5 
Test Standard Test Number:  MASH Test 3-61 Impacting 

Cantilever Arm and Mailbox Assembly 
Test Article:  Modified Minnesota Swing-Away Mailbox 
Test Vehicle:  2016 Nissan Versa 
Inertial Mass:  2425 lb 
Gross Mass:  2590 lb 
Impact Speed:  63.1 mi/h 
Impact Angle:  0° 
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Figure C.3. Vehicle Longitudinal Accelerometer Trace for Test No. 609731-5 
(Accelerometer Located at Center of Gravity). 

Test Number:  609731-5 
Test Standard Test Number:  MASH Test 3-61 Impacting 

Cantilever Arm and Mailbox Assembly 
Test Article:  Modified Minnesota Swing-Away Mailbox 
Test Vehicle:  2016 Nissan Versa 
Inertial Mass:  2425 lb 
Gross Mass:  2590 lb 
Impact Speed:  63.1 mi/h 
Impact Angle:  0° 
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Figure C.4. Vehicle Lateral Accelerometer Trace for Test No. 609731-5 
(Accelerometer Located at Center of Gravity). 

Test Number:  609731-5 
Test Standard Test Number:  MASH Test 3-61 Impacting 

Cantilever Arm and Mailbox Assembly 
Test Article:  Modified Minnesota Swing-Away Mailbox 
Test Vehicle:  2016 Nissan Versa 
Inertial Mass:  2425 lb 
Gross Mass:  2590 lb 
Impact Speed:  63.1 mi/h 
Impact Angle:  0° 
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Figure C.5. Vehicle Vertical Accelerometer Trace for Test No. 609731-5 
(Accelerometer Located at Center of Gravity). 

Test Number:  609731-5 
Test Standard Test Number:  MASH Test 3-61 Impacting 

Cantilever Arm and Mailbox Assembly 
Test Article:  Modified Minnesota Swing-Away Mailbox 
Test Vehicle:  2016 Nissan Versa 
Inertial Mass:  2425 lb 
Gross Mass:  2590 lb 
Impact Speed:  63.1 mi/h 
Impact Angle:  0° 
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APPENDIX D. MASH TEST 3-61 (CRASH TEST NO. 609731-6) 

D.1. VEHICLE PROPERTIES AND INFORMATION 

Table D.1. Vehicle Properties for Test No. 609731-6. 
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Table D.2. Exterior Crush Measurements for Test No. 609731-6. 
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Table D.3. Occupant Compartment Measurements for Test No. 609731-6. 
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D.2. SEQUENTIAL PHOTOGRAPHS 

 0.000 s  
   

 0.050 s  
   

 0.100 s  
   

 0.150 s  
Figure D.1. Sequential Photographs for Test No. 609731-6 (Oblique and Perpendicular 

Views). 
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 0.200 s  
   

 0.250 s  
   

 0.300 s  
   

 0.350 s  
Figure D.1. Sequential Photographs for Test No. 609731-6 (Oblique and Perpendicular 

Views) (Continued). 
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Figure D.2. Vehicle Angular Displacements for Test No. 609731-6. 

  

Axes are vehicle-fixed.  
Sequence for 
determining orientation: 

1. Yaw. 
2. Pitch. 
3. Roll. 

Test Number:  609731-6 
Test Standard Test Number:  MASH Test 3-61 Impacting 

Vertical Mailbox Support 
Test Article:  Modified Minnesota Swing-Away Mailbox 
Test Vehicle:  2015 Nissan Versa 
Inertial Mass:  2422 lb 
Gross Mass:  2587 lb 
Impact Speed:  62.8 mi/h 
Impact Angle:  0° 
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Figure D.3. Vehicle Longitudinal Accelerometer Trace for Test No. 609731-6 
(Accelerometer Located at Center of Gravity). 

Test Number:  609731-6 
Test Standard Test Number:  MASH Test 3-61 Impacting 

Vertical Mailbox Support 
Test Article:  Modified Minnesota Swing-Away Mailbox 
Test Vehicle:  2015 Nissan Versa 
Inertial Mass:  2422 lb 
Gross Mass:  2587 lb 
Impact Speed:  62.8 mi/h 
Impact Angle:  0° 
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Figure D.4. Vehicle Lateral Accelerometer Trace for Test No. 609731-6 
(Accelerometer Located at Center of Gravity). 

Test Number:  609731-6 
Test Standard Test Number:  MASH Test 3-61 Impacting 

Vertical Mailbox Support 
Test Article:  Modified Minnesota Swing-Away Mailbox 
Test Vehicle:  2015 Nissan Versa 
Inertial Mass:  2422 lb 
Gross Mass:  2587 lb 
Impact Speed:  62.8 mi/h 
Impact Angle:  0° 
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Figure D.5. Vehicle Vertical Accelerometer Trace for Test No. 609731-6 
(Accelerometer Located at Center of Gravity). 

Test Number:  609731-6 
Test Standard Test Number:  MASH Test 3-61 Impacting 

Vertical Mailbox Support 
Test Article:  Modified Minnesota Swing-Away Mailbox 
Test Vehicle:  2015 Nissan Versa 
Inertial Mass:  2422 lb 
Gross Mass:  2587 lb 
Impact Speed:  62.8 mi/h 
Impact Angle:  0° 
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