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CHAPTER 1: 

INTRODUCTION 

The purpose of the testing reported herein was to assess the performance of extra-large 

mailboxes according to the safety-performance evaluation guidelines included in AASHTO 

MASH for Test Level Three (TL-3) for support structures. The mailboxes tested were the single 

extra-large mailbox on Type 4 support, two architectural mailboxes and two medium mailboxes 

on a bent pipe support, and a single extra-large mailbox on Type 3 support (two tests). 
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CHAPTER 2: 

TEST REQUIREMENTS AND EVALUATION CRITERIA 

2.1 CRASH TEST MATRIX 

Table 2.1 shows the test conditions and evaluation criteria for MASH TL-3 for support 

structures. The impact performance of the mailbox supports was evaluated using MASH Test 

3-61 with the 1100C small passenger car. 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. MASH Test 3-62 with the 2270P pickup truck was not performed. 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 2270P pickup truck significantly decreases 

the probability of windshield impact and occupant compartment intrusion.  

MASH Test 3-61, performed on the mailboxes reported herein, involves an 1100C vehicle 

weighing 2420 lb ±55 lb and impacting the test article at an impact speed of 62 mi/h ±2.5 mi/h 

and critical impact angle (CIA) of 0-25° ±1.5°.  

 

Table 2.1. Test Conditions and Evaluation Criteria Specified for MASH TL-3 Support 

Structures. 

Test Article Test Designation Test Vehicle 
Impact Conditions 

Evaluation Criteria 
Speed Angle 

Support Structures 

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

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

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

 

The crash tests and data analysis procedures were in accordance with guidelines 

presented in MASH. Chapter 3 presents brief descriptions of these procedures. 

2.2 EVALUATION CRITERIA 

The appropriate safety evaluation criteria from Tables 2-5 and 5-1 of MASH were used to 

evaluate the crash test reported herein. The test conditions and evaluation criteria required for 

MASH Test 3-61 are listed in Table 2.1, and the substance of the evaluation criteria in Table 2.2. 

Evaluations of the crash test results are presented in detail under the section Assessment of Test 

Results. 
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Table 2.2. Evaluation Criteria Required for MASH TL-3 Support Structures. 

Evaluation 

Factors 
Evaluation Criteria 

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

fracturing, or yielding. 

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.  

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. 

H. Occupant impact velocities (OIV) should satisfy the following limits: Preferred 

value of 30 ft/s, or maximum allowable value of 40 ft/s. 

I. The occupant ridedown accelerations should satisfy the following: Preferred value 

of 15.0 g, or maximum allowable value of 20.49 g. 

Post-Impact 

Vehicular 

Response 

N. Vehicle trajectory behind the test article is acceptable. 
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CHAPTER 3: 

TEST CONDITIONS 

3.1 TEST FACILITY 

The full-scale crash tests reported herein were performed at Texas A&M Transportation 

Institute (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, and according to the 

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 miles 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, durability and efficacy of highway 

pavements, and evaluation of roadside safety hardware and perimeter protective devices. The site 

selected for installation and testing of the mailboxes and supports was in a cleared block within 

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. 

3.2 VEHICLE TOW AND GUIDANCE SYSTEM 

Each test 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, 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 (no sooner than 2 s after impact), after which 

the brakes were activated, if needed, to bring the test vehicle to a safe and controlled stop. 

3.3 DATA ACQUISITION SYSTEMS 

3.3.1 Vehicle Instrumentation and Data Processing 

Each test vehicle was instrumented with a self-contained, on-board 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 
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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 can provide precision amplification, scaling, and filtering based on transducer 

specifications and calibrations. During the test, data are recorded from each channel at a rate of 

10,000 values per second with a resolution of one part in 65,536. Once data are recorded, internal 

batteries back these up inside the unit should the primary battery cable be 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 all instrumentation used in the vehicle conforms to all 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 a 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 any time 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 occupant/compartment impact 

velocities, time of occupant/compartment impact after vehicle impact, and the 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 a 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, then plots yaw, pitch, and roll versus time. These 

displacements are in reference to the vehicle-fixed coordinate system with the initial position and 

orientation of the vehicle-fixed coordinate systems 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). 

3.3.2 Anthropomorphic Dummy Instrumentation 

An Alderson Research Laboratories Hybrid II, 50th percentile male anthropomorphic 

dummy, restrained with lap and shoulder belts, was placed the side opposite of impact in the 

1100C vehicle. The dummy was not instrumented.  
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3.3.3 Photographic Instrumentation and Data Processing 

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

• One placed behind the installation at an angle. 

• One placed to have a field of view perpendicular to and aligned with the installation.  

A flashbulb on the impacting vehicle was activated by a pressure-sensitive tape switch to 

indicate the instant of contact with the installation. 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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CHAPTER 4: 

MASH TEST 3-61 ON CENTENNIAL MODEL EXTRA-LARGE MAILBOX 

ON TYPE 4 SUPPORT 

4.1 TEST ARTICLE AND INSTALLATION DETAILS 

The test installation consisted of an Architectural Mailboxes© Centennial model #950020B 

extra-large mailbox mounted on a 2⅜-inch OD × 0.095-inch wall white steel tube post. The 

mailbox was attached to the post using a model DHT# 161443 mailbox bracket. Two steel plate 

washers (each measuring 2×5½×⅛-inch thick) and four 5/16-inch diameter hex bolts that secured 

the bracket assembly to the floor of the mailbox, and a 5/16-inch bolt secured the bracket to the 

post. 

The post was inserted into a plastic socket and secured with a plastic wedge. This wedge 

socket was set in an un-reinforced cylindrical concrete foundation measuring 12-inches in 

diameter × 30-inches deep. The bottom of the mailbox was located 42 inches above grade. 

Figure 4.1 presents overall information on the single Centennial model extra-large 

mailbox on a Type 4 support, Figure 4.2 shows the connection details, and Figure 4.3 provides 

photographs of the installation. Appendix A.1 provides further details of the mailbox installation. 

4.2 DESIGN MODIFICATIONS DURING TESTS 

No modifications were made to the installation during the testing phase. 

4.3 MATERIAL SPECIFICATIONS  

The drawings in Appendix A.1 indicate properties of the materials used to 

install/construct the Centennial model extra-large mailbox on a Type 4 support.  

4.4 SOIL CONDITIONS  

The test installation was set in an un-reinforced concrete cylinder in standard soil meeting 

AASHTO standard specifications for “Materials for Aggregate and Soil Aggregate Subbase, 

Base and Surface Courses,” designated M147-65(2004), grading B. 

4.5 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 

MASH Test 3-61 involves an 1100C vehicle weighing 2420 lb ±55 lb impacting the 

support structure at an impact speed of 62 mi/h ±2.5 mi/h and a CIA of 0° ±1.5°. The target 

impact point for MASH Test 3-61 on the Centennial model extra-large mailbox on a Type 4 

support was the vehicle’s right (passenger’s side) approximate quarter point, which was aligned 

with the centerline of the support.  
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Figure 4.1. Overall Details of Centennial Model Extra-Large Mailbox on Type 4 Support.  
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Figure 4.2. Connection Details for Centennial Model Extra-Large Mailbox on Type 4 Support. 
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Figure 4.3. Centennial Model Extra-Large Mailbox on Type 4 Support prior to Testing. 

The 2008 Kia Rio* used in the test weighed 2432 lb, and the actual impact speed and 

angle were 63.6 mi/h and 0°, respectively. The actual impact point was the right (passenger’s 

side) quarter point of the front of the vehicle aligned with the centerline of the support. Minimum 

target kinetic energy (KE) was 288 kip-ft, and actual KE was 329 kip-ft. 

                                                 
* The 2008 model vehicle used is older than the 6-year age noted in MASH and was selected based upon availability. An older 

model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. Other than the vehicle’s year model, this 

2008 model vehicle met the MASH requirements.  
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4.6 WEATHER CONDITIONS 

The test was performed on the morning of June 27, 2019. Weather conditions at the time 

of testing were as follows: wind speed: 1 mi/h; wind direction: 192° (vehicle was traveling at 

magnetic heading of 180°); temperature: 83°F; relative humidity: 90 percent. 

4.7 TEST VEHICLE 

Figures 4.4 and 4.5 show the 2008 Kia Rio used for the crash test. The vehicle’s test 

inertia weight was 2432 lb, and its gross static weight was 2597 lb. The height to the lower edge 

of the vehicle bumper was 7.75 inches, and height to the upper edge of the bumper was 

21.5 inches. Table A.1 in Appendix A.2 gives additional dimensions and information on the 

vehicle. The vehicle was directed into the installation using the cable reverse tow and guidance 

system, and was released to be freewheeling and unrestrained just prior to impact. 

 

  
  

Figure 4.4. Mailbox/Test Vehicle Geometrics for Test No. 469689-1-1. 

 

  
  

Figure 4.5. Test Vehicle before Test No. 469689-1-1. 
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4.8 TEST DESCRIPTION 

The test vehicle was traveling at an impact speed of 63.6 mi/h when it contacted the 

mailbox support with the right quarter point of the front of the vehicle aligned with the centerline 

of the support at an impact angle of 0°. Table 4.1 lists events that occurred during Test No. 

469689-1-1. Figure A.1 in Appendix A.3 presents sequential photographs during the test. 

Table 4.1. Events during Test No. 469689-1-1. 

TIME (s) EVENTS 

0.0000 Vehicle contacts mailbox support 

0.0060 Mailbox support begins to lift out of base 

0.0250 Mailbox support separates from base 

0.0270 Mailbox impacts hood of vehicle 

0.0740 Vehicle loses contact with mailbox and support while traveling at 62.3 mi/h 

 

Brakes on the vehicle were applied at 0.9 s after impact, and the vehicle subsequently 

came to rest 270 ft downstream of the impact. 

4.9 DAMAGE TO TEST INSTALLATION 

Figure 4.6 shows the damage to the mailbox. The post pulled out of the socket. The 

mailbox separated into three pieces. The top, sides, and back stayed together and landed 99 ft 

downstream, and the mailbox door landed 102 ft downstream and 25 ft left. The bottom of the 

mailbox remaining attached to the post, which stayed engaged with the front of the test vehicle 

until it stopped, then slid to a stop 7 ft past the vehicle.  

4.10 DAMAGE TO TEST VEHICLE 

Figure 4.7 shows the damage sustained by the vehicle. There was a 2-inch dent in the 

front bumper at the right quarter point. The hood received a 33-inch × 23-inch dent in the right 

side of the hood with a 0.5-inch × 3-inch cut and a 0.5-inch × 1.5-inch cut. The right upper 

windshield sustained a 1-inch × 1-inch break near the roof line. Maximum exterior crush to the 

vehicle was 2.0 inches in the front plane at the right quarter point at bumper height. No occupant 

compartment deformation or intrusion was observed. Figure 4.8 shows the interior of the vehicle. 

Tables A.2 and A.3 in Appendix A.2 provide exterior crush and occupant compartment 

measurements. 

4.11 OCCUPANT RISK FACTORS 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 

evaluation of occupant risk and are shown in Table 4.2. Figure 4.9 summarizes these data and 

other pertinent information from the test. Figure A.2 in Appendix A.4 shows the vehicle 

angular displacements, and Figures A.3 through A.5 in Appendix A.5 show accelerations 

versus time traces. 
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Figure 4.6. Mailbox after Test No. 469689-1-1. 
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Figure 4.7. Test Vehicle after Test No. 469689-1-1. 

 

  
Figure 4.8. Interior of Test Vehicle after Test No. 469689-1-1. 

Table 4.2. Occupant Risk Factors for Test No. 469689-1-1. 

Occupant Risk Factor Value Time 

Occupant Impact Velocity (OIV)   

 Longitudinal 2.0 ft/s 
at 0.8275 s on left side of interior 

 Lateral 1.6 ft/s 

Occupant Ridedown Accelerations   

 Longitudinal 0.8 g 0.9703–0.9803 s 

 Lateral 0.3 g 0.9502–0.9602 s 

Theoretical Head Index Velocity (THIV) 2.8 km/h  at 0.7897 s on left side of interior 

Post Head Deceleration (PHD) 0.8 g 0.9703–0.9803 s 

Acceleration Severity Index (ASI) 0.12 0.0101–0.0601 s 

Maximum 50-ms Moving Average    

 Longitudinal −1.1 g 0.0000–0.0500 s 

 Lateral −0.4 g 0.0257–0.0757 s 

 Vertical 0.9 g 0.0258–0.0758 s 

Maximum Roll, Pitch, and Yaw Angles   

 Roll 2° 1.0000 s 

 Pitch 1° 0.9930 s 

 Yaw 4° 1.0000 s 
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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 
469689-1-1 
2019-06-27 
 
Support Structure – Mailbox  
Centennial Extra-Large Mailbox 
42 inches to the bottom of the mailbox 
Single Centennial Model Extra-Large  
Mailbox on Type 4 Support 
Concrete foundation in AASHTO M147-
65(2004), grading B Soil  
 
1100C 
2008 Kia Rio 
2477 lb 
2432 lb 
165 lb 
2597 lb 

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

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

 
63.6 mi/h 
0° 
Right Qtr Point 
329 kip-ft 
 
62.3 mi/h 
NA 
 
2.0 ft/s 
1.6 ft/s 
0.8 g 
0.3 g 
2.8 km/h 
0.8 g 
0.12 
 
-1.1 g 
-0.4 g 
0.9 g 

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

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

 
270 ft 
 
 
4° 
1° 
2° 
 
 
277 ft 
25 ft 
 
 
12FR1 
12FREN1 
2.0 inches 
FS0000000 
 
None 
 

Figure 4.9. Summary of Results for MASH Test 3-61 on Single Centennial Model Extra-Large Mailbox on Type 4 Support. 
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CHAPTER 5: 

MASH TEST 3-61 ON MULTIPLE MAILBOXES ON BENT PIPE 

SUPPORT 

5.1 TEST ARTICLE AND INSTALLATION DETAILS 

The test installation consisted of two Architectural Mailboxes© Oasis Jr. Elite model 

#620010B-10 and two No. 1-A standard mailboxes (medium) model #E1600B00 mounted on a 

bent post.  

Each standard mailbox was attached to the bent post via angle brackets using a model 

DHT# 148939 mailbox bracket and one bracket extension, which were secured to the lower side 

flanges of the mailbox with six (three each side) ¼-inch diameter hex bolts.  

Each Oasis Jr. mailbox was attached to the bent post via angle brackets using a model 

DHT# 148939 mailbox bracket. Two steel plate washers (each measuring 2×5½×⅛-inch thick) 

and four ⅜-inch diameter hex bolts that secured the bracket assembly to the floor of the mailbox. 

The bent post was fabricated from 2-inch × 0.1090 (12-gauge) HSS round, inserted into a 

V-wing socket and held in place with a wedge for the V-wing socket. The V-wing socket was 

cast in a nonreinforced cylindrical concrete foundation measuring 12-inch diameter × 30-inch 

deep. The bottoms of the mailboxes were located 42 inches above grade. 

TxDOT investigated the crashworthiness behavior of locking architectural mailboxes and 

standard mailboxes on the same type of multiple-mount support with use of an 11-gauge steel 

tube under project 9-1002-15-7 (2). A 12-gauge was preferred for the same type of multiple-

mount support for this project, given that the 12-gauge support is readily available, while the 11-

gauge would need to be fabricated upon request and would be a more costly product. With the 

12-gauge support being thinner than the 11-gauge support, TTI researchers needed to verify the 

proper crashworthiness behavior of the 12-gauge system under high-speed impact conditions. 

Based on mailbox weight and dimension comparison, the tested mailbox combination installation 

was considered to be more critical from a crashworthiness perspective under high-speed impacts.  

Figure 5.1 presents overall information on the multiple mailboxes on bent pipe support, 

Figure 5.2 shows the connection details, and Figure 5.3 provides photographs of the installation. 

Appendix B.1 provides further details of the mailbox installation. 

5.2 DESIGN MODIFICATIONS DURING TESTS 

No modifications were made to the installation during the testing phase. 

5.3 MATERIAL SPECIFICATIONS  

The drawings in Appendix B.1 indicate properties of the materials used to 

install/construct the multiple mailboxes on bent pipe support.  
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Figure 5.1. Overall Details of Multiple Mailboxes on Bent Pipe Support.  



T
R

 N
o
. 0

-6
9
6
8
-R

9
  

2
1
 

2
0
2
0
-1

0
-1

3
 

 

 

 

 
Figure 5.2. Connection Details of Multiple Mailboxes on Bent Pipe Support. 
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Figure 5.3. Multiple Mailboxes on Bent Pipe Support prior to Testing. 

5.4 SOIL CONDITIONS  

The test installation was installed in a concrete foundation in standard soil meeting 

AASHTO standard specifications for “Materials for Aggregate and Soil Aggregate Subbase, 

Base and Surface Courses,” designated M147-65(2004), grading B. 
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5.5 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 

MASH Test 3-61 involves an 1100C vehicle weighing 2420 lb ±55 lb impacting the 

support structure at an impact speed of 62 mi/h ±2.5 mi/h and a CIA of 0° ±1.5°. The target 

impact point for MASH Test 3-61 on the multiple mailboxes on a bent pipe support was the left 

(driver’s side) approximate quarter point aligned with the centerline of the support.  

The 2008 Kia Rio* used in the test weighed 2442 lb, and the actual impact speed and 

angle were 61.6 mi/h and 0°, respectively. The actual impact point was the left (driver’s side) 

quarter point aligned with the centerline of the support. Minimum target KE was 288 kip-ft, and 

actual KE was 310 kip-ft. 

5.6 WEATHER CONDITIONS 

The test was performed on the morning of August 23, 2019. Weather conditions at the 

time of testing were as follows: wind speed: 4 mi/h; wind direction: 192° (vehicle was traveling 

at magnetic heading of 180°); temperature: 85°F; relative humidity: 82 percent. 

5.7 TEST VEHICLE 

Figures 5.4 and 5.5 show the 2008 Kia Rio used for the crash test. The vehicle’s test 

inertia weight was 2442 lb, and its gross static weight was 2607 lb. The height to the lower edge 

of the vehicle bumper was 7.75 inches, and height to the upper edge of the bumper was 

21.5 inches. Table B.1 in Appendix B.2 gives additional dimensions and information on the 

vehicle. The vehicle was directed into the installation using the cable reverse tow and guidance 

system, and was released to be freewheeling and unrestrained just prior to impact. 

  
  

Figure 5.4. Mailboxes/Test Vehicle Geometrics for Test No. 469689-1-2. 

 

                                                 
* The 2008 model vehicle used is older than the 6-year age noted in MASH and was selected based upon availability. An older 

model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. Other than the vehicle’s year model, this 

2008 model vehicle met the MASH requirements.  
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Figure 5.5. Test Vehicle before Test No. 469689-1-2. 

5.8 TEST DESCRIPTION 

The test vehicle was traveling at an impact speed of 61.6 mi/h when it contacted the 

mailbox installation with the left (driver’s side) quarter point aligned with the centerline of the 

support at an impact angle of 0°. Table 5.1 lists events that occurred during Test No. 469689-1-2. 

Figure B.1 in Appendix B.3 presents sequential photographs during the test. 

Table 5.1. Events during Test No. 469689-1-2. 

TIME (s) EVENTS 

0.0000 Vehicle contacts mailboxes on bent pipe support 

0.0120 Bent post begins to pull out of V-Wing socket 

0.0320 Bent post fully out of socket 

0.0890 Vehicle loses contact with mailboxes and bent pipe support 

 

Brakes on the vehicle were applied at 2.5 s after impact, and the vehicle subsequently 

came to rest 360 ft downstream of the impact. 

5.9 DAMAGE TO TEST INSTALLATION 

Figure 5.6 shows the damage to the mailbox installation. The bent post pulled out of the 

V-Wing Socket. The post and mailbox assembly remained intact and landed 115 ft downstream 

from the impact point.  

5.10 DAMAGE TO TEST VEHICLE 

Figure 5.7 shows the damage sustained by the vehicle. The front bumper, radiator 

support, and left headlight were damaged. The hood sustained a 19-inch × 28-inch × 9-inch deep 

indentation on the front left half of the hood. Maximum exterior crush to the vehicle was 

9.0 inches in the hood. No occupant compartment deformation or intrusion was observed. 
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Figure 5.8 shows the interior of the vehicle. Tables B.2 and B.3 in Appendix B.2 provide exterior 

crush and occupant compartment measurements. 

  

  

   
 

Figure 5.6. Mailboxes after Test No. 469689-1-2. 
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Figure 5.7. Test Vehicle after Test No. 469689-1-2. 

 

  

Figure 5.8. Interior of Test Vehicle for Test No. 469689-1-2. 

5.11 OCCUPANT RISK FACTORS 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 

evaluation of occupant risk and are shown in Table 5.2. Figure 5.8 summarizes these data and 

other pertinent information from the test. Figure B.2 in Appendix B.4 shows the vehicle 

angular displacements, and Figures B.3 through B.5 in Appendix B.5 show accelerations 

versus time traces. 
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Table 5.2. Occupant Risk Factors for Test No. 469689-1-2. 

Occupant Risk Factor Value Time 

OIV    

 Longitudinal 3.6 ft/s 
at 0.5963 s on front of interior 

 Lateral 0.0 

Occupant Ridedown Accelerations   

 Longitudinal 0.3 g 0.9787–0.9887 

 Lateral 0.6 g 0.6062–0.6162 s 

THIV 4.0 km/h at 0.5957 s on front of interior 

PHD 0.6 g 0.6060–0.6160 s 

ASI 0.21 0.0134–0.0634 s 

Maximum 50-ms Moving Average    

 Longitudinal −1.9 g 0.0018–0.0518 s 

 Lateral −0.5 g 0.0761–0.1261 s 

 Vertical −1.2 g 0.0301–0.0801 s 

Maximum Roll, Pitch, and Yaw Angles   

 Roll 4° 2.0000 s 

 Pitch 2° 1.6547 s 

 Yaw 3° 0.3983 s 
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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 
469689-1-2 
2019-08-23 
 
Support Structure – Mailbox  
Multiple Mailboxes on Bent Pipe Support 
42 inches to bottom of mailboxes 
2 inch × 0.1090 (12-gauge) HSS round, 
inserted into a V-Wing Socket and held in 
place with a Wedge for the V-Wing Socket 
Concrete foundation in AASHTO M147-
65(2004), grading B Soil  
 
1100C 
2008 Kia Rio 
2477 lb 
2442 lb 
165 lb 
2607 lb 

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

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

 
61.6 mi/h 
0° 
Apx. Left Qtr Point 
310 kip-ft 
 
59.0 mi/h 
0° 
NA 
3.6 ft/s 
0.0 ft/s 
0.3 g 
0.6 g 
4.0 km/h 
0.6 g 
0.21 
 
−1.9 g 
−0.5 g 
−1.2 g 
 

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

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

 
360 ft downstream 
 
 
3° 
2° 
4° 
 
 
115 ft 
3 ft 
 
 
12LF2 
12FLEN2 
9.0 inches 
FL0000000 
 
None 
 

 

Figure 5.9. Summary of Results for MASH Test 3-61 on Multiple Mailboxes on Bent Pipe Support. 
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CHAPTER 6: 

MASH TEST 3-61 ON CENTENNIAL MODEL EXTRA-LARGE MAILBOX 

ON TYPE 3 SUPPORT 

6.1 TEST ARTICLE AND INSTALLATION DETAILS 

The test installation consisted of a single Architectural Mailboxes© Centennial model 

#950020B extra-large mailbox mounted on a 2-lb/ft perforated U-channel post. The mailbox was 

attached to the post via angle brackets using a model DHT# 148939 mailbox bracket. Two steel 

plate washers (each measuring 2×5½×⅛-inch thick) and four 5/16-inch diameter hex bolts secured 

the bracket assembly to the floor of the mailbox. 

The post was embedded 30 inches into the soil. The bottom of the mailbox was located 

42 inches above grade. 

Figure 6.1 presents overall information on the single Centennial model extra-large 

mailbox on a Type 3 support, Figure 6.2 shows the connection details, and Figure 6.3 provides 

photographs of the installation. Appendix C.1 provides further details of the mailbox installation. 

6.2 DESIGN MODIFICATIONS DURING TESTS 

No modifications were made to the installation during the testing phase. 

6.3 MATERIAL SPECIFICATIONS  

The drawings in Appendix C.1 indicate properties of the materials used to 

install/construct the Centennial Model #950020B extra-large mailbox on a Type 3 support.  

6.4 SOIL CONDITIONS  

The test installation was installed in standard soil meeting AASHTO standard 

specifications for “Materials for Aggregate and Soil Aggregate Subbase, Base and Surface 

Courses,” designated M147-65(2004), grading B. 

6.5 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 

MASH Test 3-61 involves an 1100C vehicle weighing 2420 lb ±55 lb impacting the 

support structure at an impact speed of 62 mi/h ±2.5 mi/h and a CIA of 0° ±1.5°. The target 

impact point for MASH Test 3-61 on the Centennial extra-large mailbox on a Type 3 support was 

the left (driver’s side) quarter point aligned with the centerline of the support.  
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Figure 6.1. Overall Details of Centennial Model Extra-Large Mailbox on Type 3 Support.  
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Figure 6.2. Connection Details of Centennial Model Extra-Large Mailbox on Type 3 Support. 
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Figure 6.3. Mailbox prior to Test No. 469689-1-3. 

 

The 2011 Kia Rio* used in the test weighed 2436 lb, and the actual impact speed and 

angle were 63.9 mi/h and 0°, respectively. The actual impact point was the left quarter point 

aligned with the centerline of the support. Minimum target KE was 288 kip-ft, and actual KE 

was 333 kip-ft. 

                                                 
* The 2011 model vehicle used is older than the 6-year age noted in MASH and was selected based upon availability. An older 

model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. Other than the vehicle’s year model, this 

2011 model vehicle met the MASH requirements.  
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6.6 WEATHER CONDITIONS 

The test was performed on the afternoon of June 27, 2019. Weather conditions at the time 

of testing were as follows: wind speed: 2 mi/h; wind direction: 136° (vehicle was traveling at 

magnetic heading of 180°); temperature: 91°F; relative humidity: 67 percent. 

6.7 TEST VEHICLE 

Figures 6.4 and 6.5 show the 2011 Kia Rio used for the crash test. The vehicle’s test 

inertia weight was 2436 lb, and its gross static weight was 2601 lb. The height to the lower edge 

of the vehicle bumper was 7.75 inches, and height to the upper edge of the bumper was 

21.5 inches. Table C.1 in Appendix C.2 gives additional dimensions and information on the 

vehicle. The vehicle was directed into the installation using the cable reverse tow and guidance 

system, and was released to be freewheeling and unrestrained just prior to impact. 

 

  
  

Figure 6.4. Mailbox/Test Vehicle Geometrics for Test No. 469689-1-3. 

 

  
  

Figure 6.5. Test Vehicle before Test No. 469689-1-3. 
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6.8 TEST DESCRIPTION 

The test vehicle was traveling at an impact speed of 63.9 mi/h when it contacted the 

mailbox with the left (driver’s side) quarter point aligned with the centerline of the support at an 

impact angle of 0°. Table 6.1 lists events that occurred during Test No. 469689-1-3. Figure C.1 

in Appendix C.3 presents sequential photographs during the test. 

Table 6.1. Events during Test No. 469689-1-3. 

TIME (s) EVENTS 

0.0000 Vehicle contacts mailbox support 

0.0180 Support pulled from the ground 

0.0280 Mailbox contacts vehicle hood 

0.0430 Mailbox contacts vehicle windshield 

0.0940 Support rebounds from vehicle bumper while vehicle traveling at 62.8 mi/h 

 

Brakes on the vehicle were applied at 1.25 s, and the vehicle subsequently came to rest 

282 ft downstream of the impact. 

6.9 DAMAGE TO TEST INSTALLATION 

Figure 6.6 shows the damage to the mailbox. The support pulled out of the soil. The 

mailbox separated into four pieces. The bottom of the mailbox remaining mounted to the support 

and landed 177 ft downstream and 22 ft left. The other pieces landed from 12 ft right to 25 ft left 

and from 84 ft to 210 ft downstream. 

6.10 DAMAGE TO TEST VEHICLE 

Figure 6.7 shows the damage sustained by the vehicle. The left quarter point of the front 

bumper sustained a 3.0-inch deep dent, and the left side of the hood was deformed with a 

1.0-inch × 3-inch long cut. The windshield was shattered over an area of 36 inches × 33 inches 

with 4.6 inches of deformation into the occupant compartment. The windshield laminate was 

also torn. Maximum exterior crush to the vehicle was 3.0 inches in the front plane at the left 

quarter point at bumper height. Maximum occupant compartment deformation was 4.6 inches in 

the windshield area. Figure 6.8 shows the interior of the vehicle. Tables C.2 and C.3 in Appendix 

C.2 provide exterior crush and occupant compartment measurements. 

6.11 OCCUPANT RISK FACTORS 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 

evaluation of occupant risk and are shown in Table 6.2. Figure 6.9 summarizes these data and 

other pertinent information from the test. Figure C.2 in Appendix C.4 shows the vehicle 

angular displacements, and Figures C.3 through C.5 in Appendix C.5 show accelerations 

versus time traces. 
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Figure 6.6. Mailbox after Test No. 469689-1-3. 
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Figure 6.7. Test Vehicle after Test No. 469689-1-3. 

 

  

Figure 6.8. Interior of Test Vehicle after Test No. 469689-1-3. 

Table 6.2. Occupant Risk Factors for Test No. 469689-1-3. 

Occupant Risk Factor Value Time 

OIV   

Theoretically, the occupant 

does not impact the interior 

of the vehicle. 

 Longitudinal No contact 

 Lateral No contact 

Occupant Ridedown Accelerations  

 Longitudinal NA 

 Lateral NA 

THIV NA 

PHD NA 

ASI 0.06 0.0051–0.0551 s 

Maximum 50-ms Moving Average    

 Longitudinal −0.6 g 0.0003–0.0503 s 

 Lateral 0.5 g 0.0137–0.0637 s 

 Vertical 0.5 g 0.0035–0.0535 s 

Maximum Roll, Pitch, and Yaw Angles   

 Roll 3° 0.7275 s 

 Pitch 1° 0.2752 s 

 Yaw 1° 0.7413 s 
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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 
469689-1-3 
2019-06-27 
 
Support Structure – Mailbox  
Centennial Extra-Large Mailbox 
42 inches to bottom of mailbox 
Single Centennial Model Extra-Large  
Mailbox on Type 3 Support 
Embedded in AASHTO M147-65(2004), 
grading B Soil (crushed limestone) 
 
1100C 
2011 Kia Rio 
2481 lb 
2436 lb 
165 lb 
2601 lb 

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

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

 
63.9 mi/h 
0° 
Left Qtr Point 
333 kip-ft 
 
62.8 mi/h 
NA 
 
No Contact 
No Contact 
NA 
NA 
NA 
NA 
0.06 
 
-0.6 g 
0.5 g 
0.5 g 

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

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

 
282 ft downstream 
 
 
1° 
1° 
3° 
 
 
210 ft 
37 ft 
 
 
12FL1 
12FLEN5 
3.0 inches 
FS0000000 
 
4.6 inches 
(windshield) 

Figure 6.9. Summary of Results for MASH Test 3-61 on Single Centennial Model Extra-Large Mailbox on Type 3 Support. 
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CHAPTER 7: 

MASH TEST 3-61 ON SINGLE CENTENNIAL MODEL EXTRA-LARGE 

MAILBOX ON TYPE 3 SUPPORT 

7.1 TEST ARTICLE AND INSTALLATION DETAILS 

The test installation consisted of a single Architectural Mailboxes© Centennial model 

#950020B mailbox mounted on a 2 lb/ft perforated U-channel post. The mailbox was attached to 

the post via angle brackets using a model DHT# 148939 mailbox bracket four slotted L brackets 

(each measuring 2×6×⅞×⅛-inch thick), and two steel plate washers (each measuring 

2×5½×⅛-inch thick). Four 5/16-inch diameter hex bolts secured the plate washers, L brackets, and 

the mailbox bracket assembly to the floor of the mailbox, and four ¼-inch hex bolts secured the 

L brackets to the lower side flanges of the mailbox. 

The post was embedded 30 inches into the soil. The bottom of the mailbox was located 

42 inches above grade. 

Figure 7.1 presents overall information on the single Centennial model extra-large 

mailbox on Type 3 support, Figure 7.2 shows connection details, and Figure 7.3 provides 

photographs of the installation. Appendix B.1 provides further details of the mailbox installation. 

7.2 DESIGN MODIFICATIONS DURING TESTING 

Test No. 469689-1-4 was a repeat of testing installation and impact conditions from Test 

No. 469689-1-3. The only design modification applied for Test No. 469689-1-4 was the 

inclusion of an additional connection bracket between the extra-large mailbox and the support. 

The connection bracket design previously tested under Test Nos. 469689-1-1 and 469689-1-3 

specifically connected the extra-large mailbox floor to the mailbox support structure. For both 

Test Nos. 469689-1-1 and -1-3, the extra-large mailbox body fractured as a result of the high-

speed vehicle impact, resulting in a separation between the mailbox floor and the mailbox sides 

was noted. After separation, the mailbox side became test article debris projected against the 

vehicle body and impacted the windshield. While in Test No. 469689-1-1 the contact between 

the mailbox side and the windshield did not affect the system crashworthiness, in Test No. 

469689-1-3 the mailbox side caused a windshield deformation greater than the maximum 

allowed in MASH. 

It became clear that a bracket that would connect the support, the mailbox floor, and the 

mailbox side was a possible solution to avoid separation of the mailbox floor from the rest of the 

mailbox body. Thus, four L brackets were integrated into the mailbox support assembly as 

described above. Figures 7.1 through 7.4 show the details of these brackets.  
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Figure 7.1. Overall Details of Centennial Model Extra-Large Mailbox on Type 3 Support.  
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Figure 7.2. Connection Details of Centennial Model Extra-Large Mailbox on Type 3 Support. 
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Figure 7.3. Centennial Model Extra-Large Mailbox on Type 3 Support prior to Testing. 

 

New Bracket 
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Figure 7.4. Details of Bracket Used on Centennial Model Extra-Large Mailbox on Type 3 Support. 
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7.3 MATERIAL SPECIFICATIONS  

The drawings in Appendix D.1 indicate properties of the materials used to 

install/construct the Centennial model extra-large mailbox on Type 3 Support.  

7.4 SOIL CONDITIONS  

The test installation was installed in standard soil meeting AASHTO standard 

specifications for “Materials for Aggregate and Soil Aggregate Subbase, Base and Surface 

Courses,” designated M147-65(2004), grading B. 

7.5 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS 

MASH Test 3-61 involves an 1100C vehicle weighing 2420 lb ±55 lb impacting the 

support structure at an impact speed of 62 mi/h ±2.5 mi/h and a CIA of 0° ±1.5°. The target 

impact point for MASH Test 3-61 on the Centennial model extra-large mailbox on a Type 3 

support was the right (passenger’s side) quarter point aligned with the centerline of the support.  

The 2011 Kia Rio* used in the test weighed 2443 lb, and the actual impact speed and 

angle were 63.3 mi/h and 0°, respectively. The actual impact point was the right (passenger’s 

side) approximate quarter point aligned with the centerline of the support. Minimum target KE 

was 288 kip-ft, and actual KE was 327 kip-ft. 

7.6 WEATHER CONDITIONS 

The test was performed on the morning of August 23, 2019. Weather conditions at the 

time of testing were as follows: wind speed: 3 mi/h; wind direction: 334° (vehicle was traveling 

at magnetic heading of 180°); temperature: 90°F; relative humidity: 69 percent. 

7.7 TEST VEHICLE 

Figures 7.5 and 7.6 show the 2011 Kia Rio used for the crash test. The vehicle’s test 

inertia weight was 2443 lb, and its gross static weight was 2608 lb. The height to the lower edge 

of the vehicle bumper was 7.75 inches, and height to the upper edge of the bumper was 

21.5 inches. Table D.1 in Appendix D.2 gives additional dimensions and information on the 

vehicle. The vehicle was directed into the installation using the cable reverse tow and guidance 

system, and was released to be freewheeling and unrestrained just prior to impact. 

 

                                                 
* The 2011 model vehicle used is older than the 6-year age noted in MASH and was selected based upon availability. An older 

model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. Other than the vehicle’s year model, this 

2011 model vehicle met the MASH requirements.  
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Figure 7.5. Mailbox Installation/Test Vehicle Geometrics for Test No. 469689-1-4. 

  
  

Figure 7.6. Test Vehicle before Test No. 469689-1-4. 

7.8 TEST DESCRIPTION 

The test vehicle was traveling at an impact speed of 63.3 mi/h when it contacted the 

mailbox with the right (passenger’s side) quarter point aligned with the centerline of the support 

at an impact angle of 0°. Table 7.1 lists events that occurred during Test No. 469689-1-2. Figure 

D.1 in Appendix D.3 presents sequential photographs during the test. 

Table 7.1. Events during Test No. 469689-1-2. 

TIME (s) EVENTS 

0.0000 Vehicle contacts Mailbox post 

0.0070 Mailbox post begins to pull out of ground 

0.0180 Mailbox post separated from remaining post in ground 

0.0750 Mailbox and post no longer in contact with vehicle 

 

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

came to rest 373 ft downstream of the impact. 
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7.9 DAMAGE TO TEST INSTALLATION 

Figure 7.7 shows the damage to the mailbox installation. The post fractured 

approximately 2 inches below grade. The mailbox remained intact and attached to the upper 

portion of the post, and this assembly landed 180 ft downstream. 

7.10 DAMAGE TO TEST VEHICLE 

Figure 7.8 shows the damage sustained by the vehicle. The front bumper sustained a 

small indentation 14 inches to the right of centerline, and the hood was deformed over an area 

35 inches × 25 inches and 1.5 inches deep. Maximum exterior crush to the vehicle was 1.5 inches 

in the hood. No occupant compartment deformation or intrusion was observed. Figure 7.9 shows 

the interior of the vehicle. Tables D.2 and D.3 in Appendix D.2 provide exterior crush and 

occupant compartment measurements. 

  

  
 

Figure 7.7. Mailbox after Test No. 469689-1-4. 
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Figure 7.8. Test Vehicle after Test No. 469689-1-4. 

 

  
  

Figure 7.9. Interior of Test Vehicle for Test No. 469689-1-4. 

7.11 OCCUPANT RISK FACTORS 

Data from the accelerometer, located at the vehicle center of gravity, were digitized for 

evaluation of occupant risk and are shown in Table 7.2. Figure 7.10 summarizes these data 

and other pertinent information from the test. Figure D.2 in Appendix D.4 shows the vehicle 

angular displacements, and Figures D.3 through D.5 in Appendix D.5 show accelerations 

versus time traces. 
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Table 7.2. Occupant Risk Factors for Test No. 469689-1-4. 

Occupant Risk Factor Value Time 

OIV    

 Longitudinal 0.3 ft/s 
at 0.9328 s on right side of interior 

 Lateral 2.3 ft/s 

Occupant Ridedown Accelerations   

 Longitudinal 0.3 g 1.5377–1.5477 

 Lateral 0.4 g 1.6796–1.6896 s 

THIV 2.6 km/h at 0.9307 s on right side of interior 

PHD 0.4 g 1.6795–1.6895 s 

ASI 0.08 0.0385–0.0885 s 

Maximum 50-ms Moving Average    

 Longitudinal −0.6 g 0.0015–0.0515 s 

 Lateral −0.3 g 0.0088–0.0588 s 

 Vertical 0.7 g 0.0158–0.0658 s 

Maximum Roll, Pitch, and Yaw Angles   

 Roll 1° 0.2498 s 

 Pitch 2° 2.0000 s 

 Yaw 1° 1.8654 s 
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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 
469689-1-4 
2019-08-23 
 
Support Structure – Mailbox  
Centennial Extra-Large Mailbox 
42 inches to bottom of mailbox 
Single Centennial Model Extra-Large  
Mailbox on Type 4 Support with modified 
connection bracket 
Concrete foundation in AASHTO M147-
65(2004), grading B Soil  
 
1100C 
2011 Kia Rio 
2544 lb 
2443 lb 
165 lb 
2608 lb 

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

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

 
63.3 mi/h 
0° 
Apx. Right Qtr Point 
327 kip-ft 
 
62.6 mi/h 
NA 
 
0.3 ft/s 
2.3 ft/s 
0.3 g 
0.4 g 
2.6 km/h 
0.4 g 
0.08 
 
−0.6 g 
−0.3 g 
0.7 g 

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

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

 
373 ft downstream 
 
 
1° 
2° 
1° 
 
 
180 ft 
12 inches 
 
 
12FR2 
12FREN2 
1.5 inches 
FR0000000 
 
None 

 

Figure 7.10. Summary of Results for MASH Test 3-61 on Single Centennial Model Extra-Large Mailbox on Type 3 Support. 
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CHAPTER 8: 

SUMMARY AND CONCLUSIONS 

8.1 ASSESSMENT OF TEST RESULTS 

An assessment of each test based on the applicable safety evaluation criteria for MASH 

Test 3-61 for support structures is provided in Tables 8.1 through 8.4 and summarized below. 

8.1.1 Single Centennial Model Extra-Large Mailbox on Type 4 Support 

The mailbox and post readily activated by pulling out of the support socket. The detached 

pieces of mailbox contacted the hood and windshield. The hood sustained a 0.5-inch × 3-inch cut 

and a 0.5-inch × 1.5-inch cut. The windshield was shattered but not torn or deformed into the 

occupant compartment. No occupant compartment deformation or intrusion occurred. The 1100C 

remained upright during and after the collision event. Maximum roll and pitch angles were 2° 

and 1°, respectively. Occupant risk factors were within the preferred limits specified in MASH 

for support structures. The 1100C vehicle came to rest 270 ft behind the initial location of the 

installation. 

8.1.2 Multiple Mailboxes on Bent Pipe Support 

The mailbox and support readily activated by pulling out of the V-wing socket. The 

detached pieces of mailbox contacted the hood, causing a 19-inch × 28-inch × 9-inch deep 

indentation on the front left half of the hood. The mailbox did not damage the windshield. No 

occupant compartment deformation or intrusion occurred. The 1100C remained upright during 

and after the collision event. Maximum roll and pitch angles were 4° and 2°, respectively. 

Occupant risk factors were within the preferred limits of MASH for support structures. The 

1100C vehicle came to rest 360 ft behind the initial location of the installation. 

8.1.3 Single Centennial Model Extra-Large Mailbox on Type 3 Support 

The mailbox and post readily activated by pulling out of the ground. The detached pieces 

of mailbox contacted the hood and windshield. The hood sustained a 1-inch × 3-inch cut. The 

windshield was shattered, the glass deformed 4.6 inches into the occupant compartment, and the 

laminate was torn. No other occupant compartment deformation or intrusion occurred. The 

1100C remained upright during and after the collision event. Maximum roll and pitch angles 

were 3° and 1°, respectively. No occupant contact on the interior of the vehicle occurred. The 

1100C vehicle came to rest 282 ft behind the initial location of the installation. 

8.1.4 Single Centennial Model Extra-Large Mailbox on Type 3 Support – Modified 

Connection Bracket Design  

The mailbox and post readily activated by pulling out of the ground. The detached pieces 

of mailbox contacted the hood, causing a 35-inch × 25-inch × 1.5-inch deep indentation on the 

front right half of the hood. The mailbox did not damage the windshield. No occupant 

compartment deformation or intrusion occurred. The 1100C remained upright during and after 

the collision event. Maximum roll and pitch angles were 2° and 1°, respectively. Occupant risk 

factors were within the preferred limits of MASH for support structures. The 1100C vehicle came 

to rest 373 ft behind the initial location of the installation. 
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Table 8.1. Performance Evaluation Summary for MASH Test 3-61 on Single Centennial Model Extra-Large Mailbox on 

Type 4 Support. 

Test Agency: Texas A&M Transportation Institute Test No.: 469689-1-1   Test Date: 2019-06-27 

MASH Test 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 and post readily activated by 

pulling out of the support socket. 
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 pieces of mailbox contacted the 

hood and windshield. The hood sustained a 

0.5-inch × 3-inch cut and a 0.5-inch × 1.5-inch 

cut. The windshield was shattered but not torn or 

deformed into the occupant compartment. 
Pass 

Deformations of, or intrusions into, the occupant 

compartment should not exceed limits set forth in 

Section 5.3 and Appendix E of MASH. 

No occupant compartment deformation or 

intrusion occurred. 

F. The vehicle should remain upright during and after 

collision. The maximum roll and pitch angles are not 

to exceed 75 degrees. 

The 1100C remained upright during and after the 

collision event. Maximum roll and pitch angles 

were 2° and 1°, respectively. 

Pass 

H. Longitudinal and lateral occupant impact velocities 

should fall below the preferred value of 10 ft/s, or at 

least below the maximum allowable value of 16.4 ft/s. 

Longitudinal OIV was 2.0 ft/s, and lateral OIV 

was 1.6 ft/s. Pass 

I. Longitudinal and lateral occupant ridedown 

accelerations should fall below the preferred value of 

15.0 Gs, or at least below the maximum allowable 

value of 20.49 Gs. 

Maximum longitudinal occupant ridedown 

acceleration was 0.8 g, and maximum lateral 

occupant ridedown acceleration was 0.3 g. 
Pass 

Vehicle Trajectory   

N. Vehicle trajectory behind the test article is acceptable. The 1100C vehicle came to rest 270 ft behind the 

installation. Pass 
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Table 8.2. Performance Evaluation Summary for MASH Test 3-61 on Multiple Mailboxes on Bent Pipe Support. 

Test Agency: Texas A&M Transportation Institute Test No.: 469689-1-2   Test Date: 2019-08-23 

MASH Test 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 and support readily activated by 

pulling out of the V-Wing socket. 
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 pieces of mailbox contacted the 

hood, causing 19-inch × 28-inch × 9-inch deep 

indentation on the front left half of the hood. The 

mailbox did not damage the windshield. 

Pass 

Deformations of, or intrusions into, the occupant 

compartment should not exceed limits set forth in 

Section 5.3 and Appendix E of MASH. 

No occupant compartment deformation or 

intrusion occurred. Pass 

F. The vehicle should remain upright during and after 

collision. The maximum roll and pitch angles are not 

to exceed 75 degrees. 

The 1100C remained upright during and after the 

collision event. Maximum roll and pitch angles 

were 4° and 2°, respectively. 

Pass 

H. Longitudinal and lateral occupant impact velocities 

should fall below the preferred value of 10 ft/s, or at 

least below the maximum allowable value of 16.4 ft/s. 

Longitudinal OIV was 3.6 ft/s, and lateral OIV 

was 0.0 ft/s. Pass 

I. Longitudinal and lateral occupant ridedown 

accelerations should fall below the preferred value of 

15.0 Gs, or at least below the maximum allowable 

value of 20.49 Gs. 

Maximum longitudinal occupant ridedown 

acceleration was 0.3 g, and maximum lateral 

occupant ridedown acceleration was 0.6 g. 
Pass 

Vehicle Trajectory   

N. Vehicle trajectory behind the test article is acceptable. The 1100C vehicle came to rest 360 ft behind the 

installation. Pass 
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Table 8.3. Performance Evaluation Summary for MASH Test 3-61 on Single Centennial Model Extra-Large Mailbox on 

Type 3 Support. 

Test Agency: Texas A&M Transportation Institute Test No.: 469689-1-3   Test Date: 2019-06-27 

MASH Test 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 and post readily activated by 

pulling out of the ground. 
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 pieces of mailbox contacted the 

hood and windshield. The hood sustained a 

1-inch × 3-inch cut. The windshield was 

shattered, the glass deformed 4.6 inches into the 

occupant compartment, and the laminate was 

torn. No other occupant compartment 

deformation or intrusion occurred. 

Fail 

Deformations of, or intrusions into, the occupant 

compartment should not exceed limits set forth in 

Section 5.3 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. 

The 1100C remained upright during and after the 

collision event. Maximum roll and pitch angles 

were 3° and 1°, respectively. 

Pass 

H. Longitudinal and lateral occupant impact velocities 

should fall below the preferred value of 10 ft/s, or at 

least below the maximum allowable value of 16.4 ft/s. 

No theoretical contact occurred. 

Pass 

I. Longitudinal and lateral occupant ridedown 

accelerations should fall below the preferred value of 

15.0 Gs, or at least below the maximum allowable 

value of 20.49 Gs. 

No theoretical contact occurred 

Pass 

Vehicle Trajectory   

N. Vehicle trajectory behind the test article is acceptable. The 1100C vehicle came to rest 282 ft behind the 

installation. Pass 
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Table 8.4. Performance Evaluation Summary for MASH Test 3-61 on Single Centennial Model Extra-Large Mailbox on 

Type 3 Support with Modified Connection Bracket Design. 

Test Agency: Texas A&M Transportation Institute Test No.: 469689-1-4   Test Date: 2019-08-23 

MASH Test 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 and post readily activated by 

pulling out of the ground. 
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 pieces of mailbox contacted the 

hood, causing a 35-inch × 25-inch × 1.5-inch 

deep indentation on the front right half of the 

hood. The mailbox did not damage the 

windshield. 

Pass 

Deformations of, or intrusions into, the occupant 

compartment should not exceed limits set forth in 

Section 5.3 and Appendix E of MASH. 

No occupant compartment deformation or 

intrusion occurred. Pass 

F. The vehicle should remain upright during and after 

collision. The maximum roll and pitch angles are not 

to exceed 75 degrees. 

The 1100C remained upright during and after the 

collision event. Maximum roll and pitch angles 

were 2° and 1°, respectively. 

Pass 

H. Longitudinal and lateral occupant impact velocities 

should fall below the preferred value of 10 ft/s, or at 

least below the maximum allowable value of 16.4 ft/s. 

Longitudinal OIV was 0.3 ft/s, and lateral OIV 

was 2.3 ft/s. Pass 

I. Longitudinal and lateral occupant ridedown 

accelerations should fall below the preferred value of 

15.0 Gs, or at least below the maximum allowable 

value of 20.49 Gs. 

Maximum longitudinal occupant ridedown 

acceleration was 0.3 g, and maximum lateral 

occupant ridedown acceleration was 0.4 g. 
Pass 

Vehicle Trajectory   

N. Vehicle trajectory behind the test article is acceptable. The 1100C vehicle came to rest 373 ft behind the 

installation. Pass 
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8.2 CONCLUSIONS 

8.2.1 Single Centennial Model Extra-Large Mailbox on Type 4 Support 

The single Centennial model extra-large mailbox on Type 4 support performed 

acceptably for MASH Test 3-61. 

8.2.2 Multiple Mailboxes on Bent Pipe Support 

The bent pipe support with multiple mailboxes performed acceptably for MASH Test 

3-61. 

8.2.3 Single Centennial Model Extra-Large Mailbox on Type 3 Support 

During MASH Test 3-61 on the single Centennial model extra-large mailbox on Type 3 

support, the windshield of the test vehicle deformed 4.6 inches into the occupant compartment, 

and the laminate was torn. The installation failed criterion D of MASH. 

8.2.4 Single Centennial Model Extra-Large Mailbox on Type 3 Support – Modified 

Connection Bracket Design 

A newly designed connection bracket detail was utilized to connect the extra-large 

mailbox to the Type 3 support. With the new connection detail, the single Centennial model 

extra-large mailbox on Type 3 support performed acceptably for MASH Test 3-61. 
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CHAPTER 9: 

IMPLEMENTATION* 

The small passenger car is considered the critical design vehicle for evaluation of 

mailbox support systems based on the mounting height regulated for mailboxes by the United 

States Postal Service. At the required mounting height, any interaction between the mailbox and 

the windshield of the pickup truck design vehicle is improbable. 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 2270P pickup truck significantly decreases the 

probability of windshield impact and occupant compartment intrusion. Therefore, Test 3-62 with 

the pickup truck was considered unnecessary for the MASH evaluation of the TxDOT mailbox 

systems. 

The MASH test matrix for breakaway supports includes two tests with the 1100C small 

passenger car: a low-speed test at 19 mi/h (Test 3-60) and a high-speed test at 62 mi/h (Test 

3- 61). In the low speed small car test, MASH testing has shown that the mailbox support 

assembly will be pushed forward by the impacting vehicle (2, 3). Under the lower impact 

severity, it is unlikely that the mailbox will separate from the support or that the support 

assembly will interact with the vehicle windshield. 

The most critical test for evaluation of mailbox systems is MASH test designation 3-61. 

This test evaluates both the structural adequacy of the mailbox connection hardware and the 

interaction of the mailbox support assembly with the vehicle windshield. If the mailbox remains 

attached during this high-speed test, it is not expected to detach in the low-speed test. 

Three different mailbox support systems were selected for MASH testing and evaluation 

during this project. Separate tests were performed for each system. These include: a single extra-

large mailbox system on a recycled rubber post with Type 4 foundation, multiple mailbox 

systems (two external standard medium mailboxes and two internal lockable mailboxes) on a 

12-gauge bent pipe, and a single extra-large mailbox system on a perforated steel U-channel post 

with Type 3 foundation.  

The single extra-large mailbox system with the original connection bracket system on a 

perforated U-channel post and Type 3 foundation did not pass MASH Test 3-61, as detachment 

of the side from the mailbox floor was observed, which led to an undesirable impact of the 

mailbox on the vehicle windshield. Each of these systems is considered MASH compliant and 

suitable for continued implementation, when the newly designed connection bracket between the 

extra-large mailbox and the mailbox support is used. 

Systems that were tested with a single mailbox should be implemented with a single 

mailbox only.  

TxDOT standard MB 15(1) does not permit the use of large mailboxes on the outside 

positions of the multiple mailbox mount. Therefore, the 12-gauge multiple mailbox mount in 

Type 4 foundation system was tested with two medium mailboxes in the outer mounting 

positions and two locking architectural mailboxes in the inner mounting positions. This is 

considered the most critical permissible configuration, given that the locking architectural 

                                                 
* The opinions/interpretations identified/expressed in this section of the report are outside the scope of TTI Proving 

Ground’s A2LA Accreditation. 
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mailboxes are heavier than the extra-large mailboxes. Other combinations of small, medium, and 

extra-large mailboxes are considered less critical, and can therefore be considered MASH 

compliant based on the successful testing of the critical configuration.  

Implementation of the mailbox systems can be achieved by the Maintenance Division 

through updating of mailbox standard MB-15(1) (as necessary) to reflect the details presented in 

this report. 
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A.2 VEHICLE PROPERTIES AND INFORMATION 

Table A.1. Vehicle Properties for Test No. 469689-1-1. 
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Table A.2. Exterior Crush Measurements of Vehicle for Test No. 469689-1-1. 
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Table A.3. Occupant Compartment Measurements of Vehicle for Test No. 469689-1-1. 
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A.3 SEQUENTIAL PHOTOGRAPHS 

 0.000 s  
   

 0.025 s  
   

 0.050 s  
   

 0.075 s  
   

Figure A.1. Sequential Photographs for Test No. 469689-1-1 (Perpendicular and Oblique 

Views). 
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 0.100 s  
   

 0.125 s  
   

 0.150 s  
   

 0.175s  
   

Figure A.1. Sequential Photographs for Test No. 469689-1-1 (Perpendicular and Oblique 

Views) (Continued). 
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Axes are vehicle-fixed. 
Sequence for determining 
orientation: 

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

Roll, Pitch, and Yaw Angles
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Figure A.2. Vehicle Angular Displacements for Test No. 469689-1-1. 
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Test Number: 469689-1-1 
Test Standard Test Number: MASH Test 3-61 

@ 90° 
Test Article: Single Centennial Model Extra-

Large Mailbox on Type 4 Support 
Test Vehicle: 2008 Kia Rio 
Inertial Mass: 2432 lb 
Gross Mass: 2597 lb 
Impact Speed: 63.6 mi/h 
Impact Angle: 90° 
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X Acceleration at CG
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Figure A.3. Vehicle Longitudinal Accelerometer Trace for Test No. 469689-1-1  

(Accelerometer Located at Center of Gravity). 
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Test Number: 469689-1-1 
Test Standard Test Number: MASH Test 3-61 

@ 90° 
Test Article: Single Centennial Model Extra-

Large Mailbox on Type 4 Support 
Test Vehicle: 2008 Kia Rio 
Inertial Mass: 2432 lb 
Gross Mass: 2597 lb 
Impact Speed: 63.6 mi/h 
Impact Angle: 90° 
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Y Acceleration at CG
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Figure A.4. Vehicle Lateral Accelerometer Trace for Test No. 469689-1-1  

(Accelerometer Located at Center of Gravity). 

Test Number: 469689-1-1 
Test Standard Test Number: MASH Test 3-61 

@ 90° 
Test Article: Single Centennial Model Extra-

Large Mailbox on Type 4 Support 
Test Vehicle: 2008 Kia Rio 
Inertial Mass: 2432 lb 
Gross Mass: 2597 lb 
Impact Speed: 63.6 mi/h 
Impact Angle: 90° 
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Figure A.5. Vehicle Vertical Accelerometer Trace for Test No. 469689-1-1  

(Accelerometer Located at Center of Gravity). 

Test Number: 469689-1-1 
Test Standard Test Number: MASH Test 3-61 

@ 90° 
Test Article: Single Centennial Model Extra-

Large Mailbox on Type 4 Support 
Test Vehicle: 2008 Kia Rio 
Inertial Mass: 2432 lb 
Gross Mass: 2597 lb 
Impact Speed: 63.6 mi/h 
Impact Angle: 90° 
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B.2 VEHICLE PROPERTIES AND INFORMATION 

Table B.1. Vehicle Properties for Test No. 469689-1-2. 
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Table B.2. Exterior Crush Measurements of Vehicle for Test No. 469689-1-2. 
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Table B.3. Occupant Compartment Measurements of Vehicle for Test No. 469689-1-2. 
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B.3 SEQUENTIAL PHOTOGRAPHS 

 0.000 s  
   

 0.050 s  
   

 0.100 s  
   

 0.150 s  
   

Figure B.1. Sequential Photographs for Test No. 469689-1-2 (Perpendicular and Oblique 

Views). 
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 0.200 s  
   

 0.250 s  
   

 0.300 s  
   

 0.350 s  
   

Figure B.1. Sequential Photographs for Test No. 469689-1-2 (Perpendicular and Oblique 

Views) (Continued). 
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Axes are vehicle-fixed. 
Sequence for determining 
orientation: 

1. Yaw. 
2. Pitch. 
3. Roll. 
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Figure B.2. Vehicle Angular Displacements for Test No. 469689-1-2. 
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Test Number: 469689-1-2 
Test Standard Test Number: MASH Test 3-61 
Test Article: Multiple Mailboxes on Bent Pipe Support 
Test Vehicle: 2008 Kia Rio 
Inertial Mass: 2442 lb 
Gross Mass: 2607 lb 
Impact Speed: 61.6 mi/h 
Impact Angle: 90° 
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Figure B.3. Vehicle Longitudinal Accelerometer Trace for Test No. 469689-1-2  

(Accelerometer Located at Center of Gravity). 
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Test Number: 469689-1-2 
Test Standard Test Number: MASH Test 3-61 
Test Article: Multiple Mailboxes on Bent Pipe Support 
Test Vehicle: 2011 Kia Rio 
Inertial Mass: 2442 lb 
Gross Mass: 2607 lb 
Impact Speed: 61.6 mi/h 
Impact Angle: 90° 
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Y Acceleration at CG
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Figure B.4. Vehicle Lateral Accelerometer Trace for Test No. 469689-1-2  

(Accelerometer Located at Center of Gravity). 

Test Number: 469689-1-2 
Test Standard Test Number: MASH Test 3-61 
Test Article: Multiple Mailboxes on Bent Pipe Support 
Test Vehicle: 2011 Kia Rio 
Inertial Mass: 2442 lb 
Gross Mass: 2607 lb 
Impact Speed: 61.6 mi/h 
Impact Angle: 90° 
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Figure B.5. Vehicle Vertical Accelerometer Trace for Test No. 469689-1-2  

(Accelerometer Located at Center of Gravity). 

Test Number: 469689-1-2 
Test Standard Test Number: MASH Test 3-61 
Test Article: Multiple Mailboxes on Bent Pipe Support 
Test Vehicle: 2011 Kia Rio 
Inertial Mass: 2442 lb 
Gross Mass: 2607 lb 
Impact Speed: 61.6 mi/h 
Impact Angle: 90° 
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C.2 VEHICLE PROPERTIES AND INFORMATION 

Table C.1. Vehicle Properties for Test No. 469689-1-3. 
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Table C.2. Exterior Crush Measurements of Vehicle for Test No. 469689-1-3. 

 

 
  



 

TR No. 0-6968-R9 103 2020-10-13 

Table C.3. Occupant Compartment Measurements of Vehicle for Test No. 469689-1-3. 
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C.3 SEQUENTIAL PHOTOGRAPHS 

 0.000 s  
   

 0.025 s  
   

 0.050 s  
   

 0.075 s  
   

Figure C.1. Sequential Photographs for Test No. 469689-1-3 (Perpendicular and Oblique 

Views). 
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 0.100 s  
   

 0.125 s  
   

 0.150 s  
   

 0.175 s  
   

Figure C.1. Sequential Photographs for Test No. 469689-1-3 (Perpendicular and Oblique 

Views) (Continued). 
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Axes are vehicle-fixed. 
Sequence for determining 
orientation: 

1. Yaw. 
2. Pitch. 
3. Roll. 
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Figure C.2. Vehicle Angular Displacements for Test No. 469689-1-3. 
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Test Number: 469689-1-3 
Test Standard Test Number: MASH Test 3-61 

@ 90° 
Test Article: Single Centennial Model Extra-

Large Mailbox on Type 3 Support 
Test Vehicle: 2011 Kia Rio 
Inertial Mass: 2436 lb 
Gross Mass: 2601 lb 
Impact Speed: 63.9 mi/h 
Impact Angle: 90° 
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Figure C.3. Vehicle Longitudinal Accelerometer Trace for Test No. 469689-1-3  

(Accelerometer Located at Center of Gravity). 
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Test Number: 469689-1-3 
Test Standard Test Number: MASH Test 3-61 

@ 90° 
Test Article: Single Centennial Model Extra-

Large Mailbox on Type 3 Support 
Test Vehicle: 2011 Kia Rio 
Inertial Mass: 2436 lb 
Gross Mass: 2601 lb 
Impact Speed: 63.9 mi/h 
Impact Angle: 90° 
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Figure C.4. Vehicle Lateral Accelerometer Trace for Test No. 469689-1-3  

(Accelerometer Located at Center of Gravity). 

 

Test Number: 469689-1-3 
Test Standard Test Number: MASH Test 3-61 

@ 90° 
Test Article: Single Centennial Model Extra-

Large Mailbox on Type 3 Support 
Test Vehicle: 2011 Kia Rio 
Inertial Mass: 2436 lb 
Gross Mass: 2601 lb 
Impact Speed: 63.9 mi/h 
Impact Angle: 90° 
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Figure C.5. Vehicle Vertical Accelerometer Trace for Test No. 469689-1-3  

(Accelerometer Located at Center of Gravity). 

Test Number: 469689-1-3 
Test Standard Test Number: MASH Test 3-61 

@ 90° 
Test Article: Single Centennial Model Extra-

Large Mailbox on Type 3 Support 
Test Vehicle: 2011 Kia Rio 
Inertial Mass: 2436 lb 
Gross Mass: 2601 lb 
Impact Speed: 63.9 mi/h 
Impact Angle: 90° 
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D.2 VEHICLE PROPERTIES AND INFORMATION 

Table D.1. Vehicle Properties for Test No. 469689-1-4. 
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Table D.2. Exterior Crush Measurements of Vehicle for Test No. 469689-1-4. 
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Table D.3. Occupant Compartment Measurements of Vehicle for Test No. 469689-1-4. 
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D.3 SEQUENTIAL PHOTOGRAPHS 

 0.000 s  
   

 0.050 s  
   

 0.100 s  
   

 0.150 s  
   

Figure D.1. Sequential Photographs for Test No. 469689-1-4 (Perpendicular and Oblique 

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. 469689-1-4 (Perpendicular and Oblique 

Views) (Continued). 
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Axes are vehicle-fixed. 
Sequence for determining 
orientation: 

1. Yaw. 
2. Pitch. 
3. Roll. 
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Figure D.2. Vehicle Angular Displacements for Test No. 469689-1-4. 
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Test Number: 469689-1-4 
Test Standard Test Number: MASH Test 3-61 
Test Article: Single Centennial Model Extra-Large Mailbox on Type 3 Support 
Test Vehicle: 2011 Kia Rio 
Inertial Mass: 2443 lb 
Gross Mass: 2608 lb 
Impact Speed: 63.3 mi/h 
Impact Angle: 90° 
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Figure D.3. Vehicle Longitudinal Accelerometer Trace for Test No. 469689-1-4  

(Accelerometer Located at Center of Gravity). 
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Test Number: 469689-1-4 
Test Standard Test Number: MASH Test 3-61 
Test Article: Single Centennial Model Extra-Large Mailbox on Type 3 Support 
Test Vehicle: 2011 Kia Rio 
Inertial Mass: 2443 lb 
Gross Mass: 2608 lb 
Impact Speed: 63.3 mi/h 
Impact Angle: 90° 
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Figure D.4. Vehicle Lateral Accelerometer Trace for Test No. 469689-1-4  

(Accelerometer Located at Center of Gravity). 

Test Number: 469689-1-4 
Test Standard Test Number: MASH Test 3-61 
Test Article: Single Centennial Model Extra-Large Mailbox on Type 3 Support 
Test Vehicle: 2011 Kia Rio 
Inertial Mass: 2443 lb 
Gross Mass: 2608 lb 
Impact Speed: 63.3 mi/h 
Impact Angle: 90° 
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Figure D.5. Vehicle Vertical Accelerometer Trace for Test No. 469689-1-4  

(Accelerometer Located at Center of Gravity). 

Test Number: 469689-1-4 
Test Standard Test Number: MASH Test 3-61 
Test Article: Single Centennial Model Extra-Large Mailbox on Type 3 Support 
Test Vehicle: 2011 Kia Rio 
Inertial Mass: 2443 lb 
Gross Mass: 2608 lb 
Impact Speed: 63.3 mi/h 
Impact Angle: 90° 
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