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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 yard 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 1,000 L shall be shown in m3 
MASS 

oz ounces 28.35 grams  g 

lb pounds 0.454 kilograms kg 
T short ton (2,000 lb) 0.907 megagrams (or “metric ton”) Mg (or "t") 

TEMPERATURE (exact degrees) 

°F Fahrenheit 
5(F-32)/9 

or (F-32)/1.8 
Celsius  °C 

ILLUMINATION 
fc foot-candles  10.76 lux lx 

fl foot-Lamberts 3.426 candela per square meter cd/m2 

FORCE & 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 yard yd2 

ha hectares  2.47 acres  ac 
km2 square kilometers  0.386 square miles  mi2 

VOLUME 
mL milliliter  0.034 fluid ounces fl 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 ton (2,000 lb) T 

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

ILLUMINATION 
lx lux 0.0929 foot-candles  fc 

cd/m2 candela per square meter  0.2919 foot-Lamberts fl 

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

*SI is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380.
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1 INTRODUCTION 

Federal requirements have made it mandatory that safe mailbox support systems be 

designed to yield or break away when impacted by a vehicle. The Nebraska Department of 

Transportation (NDOT) has previously used a non-proprietary, U-channel post mailbox support 

that was evaluated at the Midwest Roadside Safety Facility (MwRSF) in the 1980s, as shown in 

Figure  [1]. This design was successfully evaluated according to National Cooperative Highway 

Research Program (NCHRP) Report 230 [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] with a small car vehicle in weak and strong soils as well 

as at 20-mph and 60-mph speeds. Single and double mailbox configurations were also evaluated. 

This design was implemented into NDOT’s standard plans. However, this standard plan is now 

obsolete.  

NDOT desired that the mailbox support be updated to meet Manual for Assessing Safety 

Hardware (MASH) [4] Test Level 3 (TL-3) safety performance criteria due to the limited number 

of mailbox supports that have been evaluated to these specifications. Additionally, NDOT 

preferred to use perforated square steel tubing (PSST) for the mailbox support post to be consistent 

with their sign supports. To accommodate NDOT desires, the existing mailbox mount needed to 

be redesigned, and the breakaway performance of the PSST needed to be evaluated in combination 

with the desired mailbox configurations. The design would consider single and multiple mailbox 

configurations, as desired by NDOT. Development of a PSST mailbox support that meets MASH 

TL-3 requirements would provide NDOT with a crashworthy solution for mailboxes adjacent to 

state roadways. Additionally, the adoption of a design using PSST similar to current NDOT sign 

supports would reduce and simplify the state inventory. 

1.1  Objective 

The objective of this research project was to develop a non-proprietary mailbox support 

using PSST support posts that are MASH TL-3 compliant. The design considered single and 

multiple mailbox configurations. The design started with an existing, proposed NDOT mailbox 

support and was modified based on review of existing designs and potential mailbox 

configurations. The Phase I objective was to design and evaluate the mailbox support utilizing 

bogie testing. 

1.2  Scope 

The research effort to develop a MASH TL-3 crashworthy, non-proprietary mailbox 

support using PSST support posts began with a literature search to review previously conducted 

relevant research. Following the literature search, MwRSF reviewed the collected mailbox and 

sign support information and synthesized existing designs. This information was used to establish 

design criteria for a new mailbox support based on NDOT’s needs. MwRSF then developed and 

proposed new mailbox support designs with NDOT feedback. Candidate designs were evaluated 

through dynamic component testing and recommendations were made regarding the performance 

of the designs.  
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Figure 1. Original NDOT Breakaway Mailbox Support Design 
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2 LITERATURE REVIEW 

The first step in the design of a PSST mailbox support was to review relevant, existing 

research regarding mailbox testing and PSST sign support testing. MwRSF also reviewed NDOT’s 

current standard practices with regard to mailbox supports along with currently available 

mailboxes to determine the potential range of mailbox sizes and masses for consideration in the 

study. Details on these items are contained in the subsequent sections.  

2.1  MASH Mailbox Testing 

The researchers collected 48 mailbox crash test results. Several of those crash tests 

involved older test evaluation criteria and vehicle types. As the research effort herein was focused 

on development of a MASH-compliant PSST mailbox support, the literature review focused on 

MASH crash-tested mailbox systems. Additionally, some of the MASH evaluated mailbox 

systems involved more than two mailboxes on a single support. These were deemed not relevant 

to the current study as NDOT was only considering single and dual mailboxes on a single support. 

The existing MASH tests were reviewed to discover the types of mailboxes and supports that have 

been tested to date, to determine design factors influencing the performance of the mailbox 

supports, and to identify critical crash tests within the MASH test matrix. Brief summaries of the 

relevant MASH mailbox testing are provided in the subsequent sections.  

2.1.1 TxDOT Winged-Channel Mailbox Support 

Texas A&M Transportation Institute (TTI) evaluated a dual mailbox support consisting of 

two mailboxes attached to a 2-lb/ft winged channel post directly embedded in soil under MASH 

TL-3 safety criteria [5], as shown in Figure. Two Elite No. 1-A standard arched-top mailboxes 

(Gibraltar Industries Model #E1600B00) were attached to the top of the support post. Each Elite 

mailbox was approximately 11 in. tall × 8¾ in. wide × 21½ in. deep and weighed 7 lb. Attachment 

of each Elite mailbox to the post was accomplished using a mailbox bracket (DHT #148939), one 

extension bracket (DHT #148938), and associated SAE Grade 5 bolts, nuts, and washers. The 

mailboxes, located 10¼ in. center to center, were secured to a bracket plate (DHT #3789) that was 

attached to the support post using a two-part angle bracket. Angle bracket Part “A” (DHT #159489) 

was located on the outside of the rib of the wing channel post and angle bracket Part “B” (DHT 

#159490) was positioned inside the wing channel post on the opposite side. The angle bracket 

parts were connected to the post using two 5/16-in. diameter × 2¾-in. long SAE Grade 5 hex bolts, 

flat and lock washers, and nuts. Each mailbox was empty, and the bottom of each mailbox was 

mounted 42 in. above grade.  

The two mailboxes were supported on a Texas Department of Transportation (TxDOT) 2-

lb/ft steel perforated winged-channel post (DHT #4289) fabricated from ASTM A1011 structural 

Grade 50 steel. The winged-channel post had an overall length of 71½ in. and weighed 12.2 lb. 

The support post was inserted 30½ in. into a drilled hole that measured approximately 12 in. in 

diameter × 30½ in. deep, which was then backfilled and compacted at the test site. The total mass 

of the two mailboxes, connection hardware, and support post assembly was 33.2 lb. 

The mailbox system was evaluated using MASH test designation no. 3-61, which consisted 

of a 2,420-lb 1100C small car vehicle impacting the mailbox system at an impact speed of 62 mph 

and an angle of 0 degrees with a ¼ vehicle offset. In test no. 469467-8-4, the 1100C vehicle 
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impacted the mailbox at a speed of 63.3 mph and an angle of 0 degrees. Following initial impact, 

the support post deformed about the front bumper of the vehicle, which caused the mailbox to be 

pulled down onto the vehicle’s hood. As the vehicle proceeded downstream, the support post 

fractured near the ground line, and the support post and mailbox were propelled up and over the 

top of the vehicle. The mailbox remained attached to the support post throughout the impact. The 

test was deemed acceptable according to the MASH criteria as all occupant risk criteria and 

occupant compartment deformation and penetration criteria were met during the test. Post test 

photographs and sequential images of the test are shown in Figure 3. A summary of the relevant 

test results is shown in Table 1. 



July 7, 2023  

MwRSF Report No. TRP-03-473-23 

5 

    

 

Mail Box 
Mailbox 

Attachment 

Mailbox-to-

Post Bracket 
Support Base Support Post 

Base-to-Post 

Attachment 

• Dual Mailbox 

• Elite No. 1-A 

mailbox 

(#E1600B00) 

• 11 in. tall x 8 

¾ in. wide x 

21½ in. deep 

• Steel 

• 7 lb (21 lb for 

mailboxes and 

bracket) 

• 42- in. 

mounting 

height 

• Bracket to Post – 

two 5/16 – in. 

diameter SAE 

Grade 5 bolts 

• Angle bracket to 

bracket plate – 

two ⅜- in. 

diameter SAE 

Grade 5 Bolts 

• Bracket plate to 

bracket mount and 

mailbox – four ⅜- 

in. diameter SAE 

grade 5 bolts 

• Extension 

bracket to bracket 

mount and 

mailbox six ¼- in. 

bolts per unit 

• Bracket 

mount 

DHT#148939 

• Extension 

bracket 

DHT#148938 

• Bracket plate 

DHT#3789 

• Angle bracket 

DHT#159490 

None 

• 2 lb/ft steel 

perforated 

winged-

channel post 

(DHT #4289) 

fabricated from 

ASTM A1011 

structural 

Grade 50 

Continuous 

post with 30½- 

in. embedment 

Figure 2. TxDOT Winged-Channel Mailbox Support - Test No. 469467-8-4 
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Figure 3. TxDOT Winged-Channel Mailbox Support - Test No. 469467-8-4, Test Results 
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Table 1. TxDOT Winged-Channel Mailbox Support - Test No. 469467-8-4 

Test No. 469467-8-4 

Test Designation 3-61 

Test Vehicle 1100C 

Impact Speed (mph) 63.3 

Vehicle Orientation ¼ Offset 

Longitudinal OIV/ Change in Velocity (ft/s) NA < 16 ft/s 

Longitudinal ORA (g’s) NA 

Mailbox Release Time (sec) No mailbox release 

Post Release Time (sec) 0.009 

Test Result Pass 

 

 

2.1.2 TxDOT Double Mailbox System on Thin-Walled Galvanized Tube 

TTI conducted MASH TL-3 crash testing on two mailboxes attached to a galvanized thin-

wall steel tube support secured inside a 12-gauge galvanized anchor socket embedded in a concrete 

footing with a curved steel plate wedge, as shown in Figure 4 [5]. Two Elite No. 1-A standard 

arched-top mailboxes, Gibraltar Industries Model #E1600B00, were attached to the top of the 

support post. The Elite mailbox had approximate dimensions of 11 in. tall × 8¾ in. wide × 21½ in. 

deep and weighed 7 lb. Attachment of each mailbox to the post was accomplished using a mailbox 

bracket (DHT #148939), one extension bracket (DHT #148938), and associated SAE Grade 5 

bolts, nuts, and washers. The mailboxes, located 10 in. center to center, were secured plate and 

collar bracket (DHT #162323) that was attached to the support post using a ⅜-in. diameter × 3½-

in. long SAE Grade 5 hex bolt, flat and lock washers, and nut.  

The two mailboxes were supported on a nominal 2-in. diameter × 16-gauge thick (2⅜-in. 

outside diameter × 0.065-in. wall thickness) galvanized thin-wall steel tube (DHT #143426) 

formed from ASTM A513 Type 5 DOM steel tubing. The overall length of the support post was 

57 in. The support post was inserted approximately 15 in. into a socket (DHT #143434) and 

secured with a wedge (DHT #143433) on the impact side. The socket was embedded 27 in. deep 

and installed flush with the top of a TxDOT Type 2 non-reinforced concrete footer that measured 

approximately 12 in. in diameter × 30 in. deep. 

The mailbox system was evaluated using MASH test designation no. 3-61, which consisted 

of a 2,420-lb 1100C small car vehicle impacting the mailbox system at an impact speed of 62 mph 

and an angle of 0 degrees with a ¼ vehicle offset. In test no. 469467-8-3, the test vehicle impacted 

the mailbox system at 62.5 mph and an angle of 0 degrees. Following initial impact, the support 

post deformed about the front bumper of the vehicle, which caused the mailbox to be pulled down 

onto the vehicle’s hood. As the vehicle proceeded downstream, the support post fractured near the 

ground line, and the support post and mailbox were propelled forward. The mailbox remained 

attached to the support post throughout the impact. The test was deemed acceptable according to 

the MASH criteria as all occupant risk criteria and occupant compartment deformation and 

penetration criteria were met during the test. Post test photo photographs and sequential images of 

the test are shown in Table 2. A summary of the relevant test results is shown in Figure 5. 
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Mail Box 
Mailbox 

Attachment 

Mailbox-to-

Post Bracket 
Support Base Support Post 

Base-to-Post 

Attachment 

• Dual Mailbox 

• Elite No. 1-A 

mailbox 

(#E1600B00) 

• 11 in. tall x 8 

¾ in. wide x 

21½ in. deep 

• Steel 

• 7 lb (20 lb for 

mailboxes and 

bracket) 

• 42-in. 

mounting 

height 

• Bracket to Post – 

two 5/16-in. 

diameter SAE 

Grade 5 bolts 

• Angle bracket to 

bracket plate – 

two ⅜-in. 

diameter SAE 

Grade 5 Bolts 

• Bracket plate to 

bracket mount and 

mailbox – four ⅜-

in. diameter SAE 

grade 5 bolts 

• Extension 

bracket to bracket 

mount and 

mailbox six ¼-in. 

bolts per unit 

• Bracket 

mount 

DHT#148939 

• Extension 

bracket 

DHT#148938 

• Collar 

bracket 

DHT#162323 

Plastic in 

reinforced 

concrete 

footing (12 in. 

in diameter x 

30 in. deep) 

• 2⅜-in. 

outside 

diameter 16 

gauge thick 

• ASTM A513 

Type5 DOM 

• 57 in. long 

• 7.5 lb 

Socketed with 

locking wedge 

and 15-in. 

embedment 

Figure 4. TxDOT Double Mailbox System on Thin-Walled Galvanized Tube - Test No. 

469467-8-3 
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Figure 5. TxDOT Double Mailbox System on Thin-Walled Galvanized Tube - Test No. 

469467-8-3, Test Results 



July 7, 2023  

MwRSF Report No. TRP-03-473-23 

10 

Table 2. TxDOT Double Mailbox System on Thin-Walled Galvanized Tube - Test No. 

469467-8-3 

Test No. 469467-8-3 

Test Designation 3-61 

Test Vehicle 1100C 

Impact Speed (mph) 62.5 

Vehicle Orientation ¼ Offset 

Longitudinal OIV/ Change in Velocity (ft/s) NA < 16 ft/s 

Longitudinal ORA (g’s) NA 

Mailbox Release Time (sec) No mailbox release 

Post Release Time (sec) 0.023 

Test Result Pass 

 

2.1.3 TxDOT Large Mailbox on Type 3 Support 

TTI conducted MASH TL-3 crash testing on a single large mailbox mounted on a 2-lb/ft 

U-channel post, as shown in Figure 6 [6]. A single Architectural Mailboxes© Centennial model 

#950020B extra-large mailbox was 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 measuring 2 in. × 5½ in. ×⅛ in. thick and four 5/16-in. diameter hex bolts secured 

the bracket assembly to the floor of the mailbox. The post was embedded 30 in. into the soil. The 

bottom of the mailbox was located 42 in. above grade.  

The mailbox system was evaluated using MASH test designation no. 3-61, which consisted 

of a 2,420-lb 1100C small car vehicle impacting the mailbox system at an impact speed of 62 mph 

and an angle of 0 degrees with a ¼ vehicle offset. In test no. 469689-1-3, the test vehicle impacted 

the mailbox system at 63.9 mph and an angle of 0 degrees. Following initial impact, the support 

post of the mailbox deformed about the front bumper of the vehicle which caused the mailbox to 

be pulled down onto the hood of the vehicle. As the vehicle proceeded downstream, the support 

post was pulled from the ground. The upper section of the mailbox detached from its base which 

remained attached to the support post. The detached upper section of the mailbox then impacted 

the windshield, causing 4.6 in. of deformation to the windshield and creating a tear in the 

windshield lining. The test was deemed unacceptable according to the MASH criteria due to the 

windshield damage observed during the test. Post test photographs and sequential images of the 

test are shown in Figure 7. A summary of the relevant test results is shown in Table 3. 

Following the failure observed in test no. 469689-1-3, TTI modified the mailbox-to-

support post attachment with the addition of four slotted L brackets measuring 2 in. × 6 in. × ⅞ in. 

× ⅛ in thick. The L-brackets allowed for attachment using four additional ¼-in. diameter hex bolts 

on the side flanges of the mailbox, as shown in Figure 8. TTI conducted a repeat test using the 

modified version of the single large mailbox mounted on a 2-lb/ft U-channel post. In test no. 

469689-1-4, the test vehicle impacted the mailbox system at 63.9 mph and an angle of 0 degrees. 

Following initial impact, the support post deformed about the front bumper of the vehicle, which 

caused the mailbox to be pulled down onto the vehicle’s hood. As the vehicle proceeded 

downstream, the support post was pulled from the ground. The mailbox remained attached to the 
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support post and was eventually propelled up and over the vehicle. The test was deemed acceptable 

according to the MASH criteria as all occupant risk criteria and occupant compartment 

deformation and penetration criteria were met during the test. Post test photographs and sequential 

images of the test are shown in Figure 9. A summary of the relevant test results is shown in Table 

4. 

  

  

Mail Box 
Mailbox 

Attachment 

Mailbox-to-

Post Bracket 
Support Base Support Post 

Base-to-Post 

Attachment 

• Single 

Mailbox 

• Architectural 

Mailboxes© 

Centennial 

model 

#950020B 

• Steel 

• 11.8 lb 

• 42-in. 

mounting 

height 

• Angle bracket to 

post – two 5/16-in. 

diameter SAE 

Grade 5 Bolts 

• Angle bracket to 

bracket mount - 

two ⅜-in. 

diameter SAE 

grade 5 bolts 

• Bracket mount 

and mailbox four 
5/16-in. diameter 

SAE Grade 5 bolts 

and plate washers 

• Bracket 

mount DHT# 

148939 

• Angle bracket 

DHT# 159489 

none 

• 2 lb/ft steel 

perforated U-

channel post 

(DHT #4289) 

fabricated from 

ASTM A1011 

structural 

Grade 50 

30-in. 

embedment 

Figure 6. TxDOT Large Mailbox on Type 3 Support - Test No. 469689-1-3 
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Figure 7. TxDOT Large Mailbox on Type 3 Support - Test No. 469689-1-3, Test Results 



July 7, 2023  

MwRSF Report No. TRP-03-473-23 

13 

Table 3. TxDOT Large Mailbox on Type 3 Support - Test No. 469689-1-3 

Test no. 469689-1-3 

Test Designation 3-61 

Test Vehicle 1100C 

Impact Speed (mph) 63.9 

Vehicle Orientation ¼ Offset 

Longitudinal OIV/ Change in Velocity (ft/s) NA < 16 ft/s 

Longitudinal ORA (g’s) NA 

Mailbox Release Time (sec)  mailbox releases, but no time given 

Post Release Time (sec) 0.018 

Test Result Fail – windshield deformation 

 

 

Figure 8. TxDOT Large Mailbox on Type 3 Support - Test No. 469689-1-4 
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Figure 9. TxDOT Large Mailbox on Type 3 Support - Test No. 469689-1-4, Test Results 
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Table 4. TxDOT Large Mailbox on Type 3 Support - Test No. 469689-1-4 

Test no. 469689-1-4 

Test Designation 3-61 

Test Vehicle 1100C 

Impact Speed (mph) 63.3 

Vehicle Orientation ¼ Offset 

Longitudinal OIV/ Change in Velocity (ft/s) 0.3 ft/s < 16 ft/s 

Longitudinal ORA (g’s) 0.3 

Mailbox Release Time (sec) No mailbox release 

Post Release Time (sec) 0.018 

Test Result Pass 

 

2.1.4 TxDOT Large Mailbox on Type 4 Support 

TTI conducted MASH TL-3 crash testing of a single large mailbox mounted on a 2-lb/ft u-

channel post, as shown in Figure 10 [6]. A single Architectural Mailboxes© Centennial model 

#950020B extra-large mailbox was mounted on a 2⅜-in. diameter × 0.095-in. thick steel tube post. 

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

plate washers measuring 2 in. × 5½ in. × ⅛-in. thick and four 5/16-in. diameter hex bolts that secured 

the bracket assembly to the floor of the mailbox, and a 5/16-in. 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 a non-reinforced cylindrical concrete foundation measuring 12 in. in diameter × 30 in. 

deep. The bottom of the mailbox was located 42 in. above grade. 

The mailbox system was evaluated using MASH test designation no. 3-61, which consisted 

of a 2,420-lb 1100C small car vehicle impacting the mailbox system at an impact speed of 62 mph and 

an angle of 0 degrees with a ¼ vehicle offset. In test no. 469689-1-1, the test vehicle impacted the 

mailbox system at a speed of 63.6 mph and an angle of 0 degrees. Following initial impact, the support 

post deformed about the front bumper of the vehicle, which caused the mailbox to be pulled down onto 

the hood of the vehicle. The mailbox detached from the support post after contacting the hood and was 

propelled up and over the vehicle. As the vehicle proceeded downstream, the support was pulled out 

of its base at the ground line and pushed in front of the vehicle. The test was deemed acceptable 

according to the MASH criteria as all occupant risk criteria and occupant compartment deformation 

and penetration criteria were met during the test. Post test photographs and sequential images of the 

test are shown in Figure 11. A summary of the relevant test results is shown in Table 5.
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Mail Box 
Mailbox 

Attachment 

Mailbox-to-

Post Bracket 

Support 

Base 
Support Post 

Base-to-Post 

Attachment 

• Single Mailbox 

• Architectural 

Mailboxes© 

Centennial model 

#950020B 

• Steel 

• 11.8 lb 

• 42-in. mounting 

height 

• Bracket to post 

– one 5/16-in. 

diameter SAE 

Grade 5 bolts 

• Bracket mount 

and mailbox four 
5/16-in. diameter 

SAE Grade 5 

bolts 

• Bracket 

mount DHT# 

161443 

Plastic 

socket in 

reinforced 

concrete 

footing (12 

in. in 

diameter x 

30 in. deep) 

• 2⅜-in. outside 

diameter x 0.095-

in. thick 

• DHT#162991 

• 54.5 in. long 

Socketed with 

locking wedge 

and 12.5-in. 

embedment 

Figure 10. TxDOT Large Mailbox on Type 4 Support - Test No. 469689-1-1 
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Figure 11. TxDOT Large Mailbox on Type 4 Support - Test No. 469689-1-1, Test Results 
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Table 5. TxDOT Large Mailbox on Type 4 Support - Test No. 469689-1-1 

Test No. 469689-1-1 

Test Designation 3-61 

Test Vehicle 1100C 

Impact Speed (mph) 63.6 

Vehicle Orientation ¼ Offset 

Longitudinal OIV/ Change in 

Velocity (ft/s) 
2.0 ft/s < 16ft/s 

Longitudinal ORA (g’s) 0.8 

Mailbox Release Time (sec) 0.025 

Post Release Time (sec) NA 

Test Result Pass 

2.1.5 Locking Architectural Mailbox on Single Mount Post 

TTI conducted MASH TL-3 crash testing on a single, locking architectural mailbox 

mounted on a single 2.375-in. outside diameter (OD) thin-wall steel tube (DHT #162911), which 

was installed in a plastic socket (DHT #160891) that was embedded in a concrete footing, as shown 

in Figure 12 [7]. The mailbox tested was an Oasis Jr manufactured by Architectural Mailboxes, 

LLC. It was fabricated from 16-gauge and 14-gauge galvanized steel and had a black powder-coat 

finish. The mailbox was 15 in. tall × 11½ in. wide × 18 in. deep and weighed 22.6 lb.  

A bracket (DHT #161443) weighing approximately 1.8 lb was attached to the bottom of 

the locking mailbox using four ⅜-in. diameter × 1¼-in. long SAE Grade 5 bolts using existing 

holes in the mailbox and bracket. A 2-in. wide × 5½-in. long × ⅛-in. thick plate washer was 

positioned over the bracket to help secure each set of two bolts toward the front and back of the 

mailbox. The collar of the mailbox bracket (DHT #161443) was secured to the support post using 

a 5/16-in. × 3-in. long SAE Grade 5 bolt and 5/16-in. hex nut. The mailbox support post was a 

SHUR-TITE® Products single mailbox post (DHT #162911) fabricated from a 2-in. nominal, 13-

gauge, galvanized steel tube with a white powder coat. The support post was installed with a 

SHUR-TITE® Products plastic wedge anchor system. The socket (DHT #160891) was 3½ in. OD 

× 7/16 in. wall thickness × 17 in. long. The socket was embedded in a non-reinforced concrete 

footing that was approximately 12 in. in diameter × 24 in. deep.  

The mailbox system was evaluated using MASH test designation no. 3-60 , which consisted 

of a 2,420-lb 1100C small car vehicle impacting the mailbox system at an impact speed of 19 mph and 

an angle of 0 degrees with a ¼ vehicle offset; and test designation no. 3-61, which consisted of a 
2,420-lb 1100C small car vehicle impacting the mailbox system at an impact speed of 62 mph and an 

angle of 0 degrees with a ¼ vehicle offset. In test no. 490023-9-1 (test designation no. 3-60), the test 

vehicle impacted the mailbox system at 19.2 mph and an angle of 0 degrees. Following initial impact, 

the support post bent downward in front of the vehicle, which allowed the vehicle to override the post 

and mailbox. The mailbox detached from the support post as the assembly was overridden. The test 

was deemed acceptable according to the MASH criteria as all occupant risk criteria and occupant 

compartment deformation and penetration criteria were met during the test. Post test photographs and 

sequential images of the test are shown in Figure 13. A summary of the relevant test results is shown 

in Table 6. 
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In test no. 490023-9-2 (test designation no. 3-61), the test vehicle impacted the mailbox system 

at 63.8 mph and an angle of 0 degrees. Following initial impact, the support post deformed about the 

front bumper of the vehicle, which caused the mailbox to be pulled down onto the vehicle’s hood. The 

support post detached from the socket and was propelled downstream. The mailbox remained attached 

to the support post. The test was deemed acceptable according to the MASH criteria as all occupant 

risk criteria and occupant compartment deformation and penetration criteria were met during the test. 

Post test photographs and sequential images of the test are shown in Figure 14. A summary of the 

relevant test results is shown in Table 7. 
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Mail Box 
Mailbox 

Attachment 

Mailbox-to-

Post Bracket 
Support Base Support Post 

Base-to-Post 

Attachment 

• Single Mailbox 

• 15 in. tall x 11½ 

in. wide x 18 in. 

deep 

• 16-gauge and 14-

gauge steel 

• 22.6 lb 

• 42-in. mounting 

height 

• Four ¾-in. 

diameter SAE 

Grade 5 bolts 

• ⅛-in. plate 

washer 

• Bracket 

DHT# 161443 

Plastic socket 

in reinforced 

concrete 

footing (12 

in. in 

diameter x 24 

in. deep) 

• SHUR-TITE® 

mailbox post 

• 2⅜-in. outside 

diameter x 0.095-

in. thick steel tube 

Socketed with 

locking wedge 

and 12.5-in. 

embedment 

Figure 12. Locking Architectural Mailbox on Single Mount Post - Test No. 490023-9-1 



July 7, 2023  

MwRSF Report No. TRP-03-473-23 

21 

 

 

 

Figure 13. Locking Architectural Mailbox on Single Mount Post - Test No. 490023-9-1, Test 

Results 
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Table 6. Locking Architectural Mailbox on Single Mount Post - Test No. 490023-9-1 

Test no. 490023-9-1 

Test Designation 3-60 

Test Vehicle 1100C 

Impact Speed (mph) 19.2 

Vehicle Orientation Centerline 

Longitudinal OIV/ Change in Velocity (ft/s) 6.9 ft/s < 16 ft/s 

Longitudinal ORA (g’s) 1.9 

Mailbox Release Time (sec) 0.346 

Post Release Time (sec) No post release 

Test Result Pass 
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Figure 14. Locking Architectural Mailbox on Single Mount Post - Test No. 490023-9-2, Test 

Results 
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Table 7. Locking Architectural Mailbox on Single Mount Post - Test No. 490023-9-2 

Test no. 490023-9-2 

Test Designation 3-61 

Test Vehicle 1100C 

Impact Speed (mph) 63.8 

Vehicle Orientation Centerline 

Longitudinal OIV/ Change in Velocity (ft/s) 4.9 ft/s < 16 ft/s 

Longitudinal ORA (g’s) 1.0 

Mailbox Release Time (sec) No mailbox release 

Post Release Time (sec) 0.042 

Test Result Pass 

 

2.1.6 Dual Locking Architectural Mailbox on Single Mount Post 

TTI conducted MASH TL-3 crash testing of a dual, locking architectural mailbox mounted 

on a SHUR-TITE® Products multiple mailbox post (DHT #164116) installed in a concrete footing 

using a plastic socket (DHT #160891) and wedge (DHT #160892), as shown Figure 15 [7]. The 

mailbox tested was an Oasis Jr. manufactured by Architectural Mailboxes, LLC. It was fabricated 

from 16-gauge and 14-gauge galvanized steel and had a black powder-coat finish. The mailbox 

was 15 in. tall × 11½ in. wide × 18 in. deep and weighed 22.6 lb.  

A bracket (DHT #161443) weighing approximately 1.8 lb was attached to the bottom of 

the locking mailbox using four ⅜-in. diameter × 1¼-in. long SAE Grade 5 bolts using existing 

holes in the mailbox and bracket. A 2-in. wide × 5½-in. long × ⅛-in. thick plate washer was 

positioned over the bracket to help secure each set of two bolts toward the front and back of the 

mailbox. The mailbox support post was a SHUR-TITE® Products Multiple Mailbox Support 

(DHT #164116). The support was made up of a semi-circular tube with a 25-in. centerline radius 

and horizontal cross member fabricated from 2⅜-in. diameter × 0.065-in. thick galvanized steel 

tube with a white powder coat. The ends of the semi-circular tube were designed to accept mailbox 

attachments. Two additional intermediate thin-wall steel tube stubs were vertically welded to the 

horizontal cross member to accept two additional mailboxes. A 22½-in. long thin-wall steel tube 

was vertically welded at the bottom center of the semi-circular steel tube. The vertical steel tube 

at the bottom of the support was installed with a SHUR-TITE® Products plastic wedge anchor 

system. The socket (DHT #160891) was 3½ in. diameter × 7/16 in. wall thickness × 17 in. long. 

The socket was embedded in a non-reinforced concrete footing that was approximately 12 in. in 

diameter × 30 in. deep.  

The mailbox system was evaluated using MASH test designation no. 3-60 , which consisted 

of a 2,420-lb 1100C small car vehicle impacting the mailbox system at an impact speed of 19 mph and 

an angle of 0 degrees with a ¼ vehicle offset; and test designation no. 3-61, which consisted of a 
2,420-lb 1100C small car vehicle impacting the mailbox system at an impact speed of 62 mph and an 

angle of 0 degrees with a ¼ vehicle offset. In test no. 490023-9-3 (test designation no. 3-60), the test 

vehicle impacted the mailbox system at 19.5 mph and an angle of 0 degrees. Following initial impact, 

the mailbox support post lifted up and out of the socket, which allowed the mailbox support to rotate 

away from the vehicle. The mailbox detached from the support post as the assembly was overridden. 

The test was deemed acceptable according to the MASH criteria as all occupant risk criteria and 
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occupant compartment deformation and penetration criteria were met during the test. Post test 

photographs and sequential images of the test are shown in Figure 16. A summary of the relevant test 

results is shown in Table 8. 

In test no. 490023-9-4 (test designation no. 3-61), the test vehicle impacted the mailbox system 

at 63.0 mph and an angle of 0 degrees. Following initial impact, the support post deformed and 

collapsed and the mailboxes rotated toward the vehicle. The support post then pulled out of the socket 

and moved up on the hood of the vehicle, which allowed the leading mailbox to contact and fracture 

the windshield. The mailboxes remained attached to the support post. There was 4.5 in. of windshield 

deformation and penetration of the windshield. The test was deemed unacceptable according to the 

MASH criteria due to the windshield damage. Post test photographs and sequential images of the test 

are shown in Figure 17. A summary of the relevant test results is shown in Table 9.
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Base-to-Post 

Attachment 

• Dual Mailbox 

• 15 in. tall x 11½ 

in. wide x 18 in. 

deep 

• 16-gauge and 14-

gauge steel 

• 22.6 lb each 

• 42-in. mounting 

height 

• Four ¾-in. 

diameter SAE 

Grade 5 bolts 

• ⅛-in. plate 

washer 

Bracket DHT# 

161443 

Plastic socket 

in reinforced 

concrete 

footing (12 

in. in 

diameter x 30 

in. deep) 

• SHUR-TITE® 

mailbox post 

• 2⅜-in. outside 

diameter x 0.065-

in. thick steel tube 

Socketed with 

locking wedge 

and 13-in. 

embedment 

Figure 15. Locking Architectural Mailbox on Dual Mount Post - Test No. 490023-9-3 
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Figure 16. Locking Architectural Mailbox on Dual Mount Post - Test No. 490023-9-3, Test 

Results 
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Table 8. Locking Architectural Mailbox on Dual Mount Post - Test No. 490023-9-3 

Test no. 490023-9-3 

Test Designation 3-60 

Test Vehicle 1100C 

Impact Speed (mph) 19.5 

Vehicle Orientation Centerline 

Longitudinal OIV/ Change in Velocity (ft/s) 3.0 ft/s < 16 ft/s 

Longitudinal ORA (g’s) 1.4 

Mailbox Release Time (sec) No mailbox release 

Post Release Time (sec) 0.077 

Test Result Pass 
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Figure 17. Locking Architectural Mailbox on Dual Mount Post - Test No. 490023-9-4, Test 

Results 
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Table 9. Locking Architectural Mailbox on Dual Mount Post - Test No. 490023-9-4 

Test no. 490023-9-4 

Test Designation 3-61 

Test Vehicle 1100C 

Impact Speed (mph) 63.0 

Vehicle Orientation ¼ Offset 

Longitudinal OIV/ Change in Velocity (ft/s) 4.9 ft/s < 16 ft/s 

Longitudinal ORA (g’s) 1.0 

Mailbox Release Time (sec) No mailbox release 

Post Release Time (sec) 0.014 – 0.31 sec 

Test Result 
Failure windshield penetration and 

deformation 

 

2.1.7 Single Mailbox with Recycled Rubber Support Post in a Type 4 Foundation 

TTI conducted MASH TL-3 crash testing of a single mailbox mounted on a recycled rubber 

post, as shown in Figure 18 [8]. An Elite No. 1-A (Model #E1600B00) standard arched-top medium 

size mailbox from Solar Group, Inc. was attached to the top of a recycled rubber support post at a 

height of 42 in. above grade. The mailbox weighed 7 lb and had approximate dimensions of 11 in. tall 

× 8¾ in. wide × 21½ in. deep. Attachment of the mailbox to the post was accomplished using a mailbox 

bracket (DHT #161443), two extension brackets (DHT #148938), and associated SAE grade 5 bolts, 

nuts, and washers. The recycled rubber support post was inserted into a Type 4 foundation socket (DHT 

#160891) and secured with a tapered semi-circular HDTP wedge (DHT #160892) on the impact side. 

The foundation socket was installed flush with the surface of a 12-in. diameter × 30-in. deep 

unreinforced concrete foundation. 

The mailbox system was evaluated using MASH test designation no. 3-61, which consisted 

of a 2,420-lb 1100C small car vehicle impacting the mailbox system at an impact speed of 62 mph and 

an angle of 0 degrees with a ¼ vehicle offset. In test no. 469468-8-1, the test vehicle impacted the 

mailbox system at 63.8 mph and an angle of 0 degrees. Following initial impact, the mailbox support 

post deformed about the front bumper of the vehicle which caused the mailbox to be pulled down onto 

the vehicle’s hood. As the vehicle proceeded downstream, the support post was pulled from the socket. 

The upper section of the mailbox remained attached to the support, and the test article was propelled 

in front of the vehicle. The test was deemed acceptable according to the MASH criteria as all occupant 

risk criteria and occupant compartment deformation and penetration criteria were met during the test. 

Post test photographs and sequential images of the test are shown in Figure 19. A summary of the 

relevant test results is shown in Table 10. 



July 7, 2023  

MwRSF Report No. TRP-03-473-23 

31 

  

  

Mail Box Mailbox Attachment 
Mailbox-to-

Post Bracket 
Support Base Support Post 

Base-to-Post 

Attachment 

• Single mailbox 

• Elite No. 1-a 

mailbox 

(#E1600B00) 

• 11 in. tall x 8¾ 

in. wide x 21½ in. 

deep 

• Steel 

• 7 lb (10 lb for 

mailbox and 

mount) 

• 42-in. mounting 

height 

 

• Bracket to post – one 
5/16-in. diameter SAE 

Grade 5 bolts 

• Bracket plate to 

mailbox – four ¼-in. 

diameter SAE Grade 5 

bolts 

• Bracket mount and 

mailbox – six ¼-in. 

bolts per unit 

• Bracket 

mount 

DHT#161443 

• Extension 

bracket 

DHT#148938 

Plastic socket 

in reinforced 

concrete 

footing (12 in. 

in diameter x 

30 in. deep) 

• Approximately 

2 ⅜-in. outside 

diameter 

recycled rubber 

Socketed 

with locking 

wedge 

Figure 18. Single Mailbox with Recycled Rubber Support Post in Type 4 Foundation - Test No. 

469468-8-1 
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Figure 19. Single Mailbox with Recycled Rubber Support Post in Type 4 Foundation - Test No. 

469468-8-1, Test Results 
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Table 10. Single Mailbox with Recycled Rubber Support Post in Type 4 Foundation - Test No. 

469468-8-1 

Test no. 469468-8-1 

Test Designation 3-61 

Test Vehicle 1100C 

Impact Speed (mph) 63.8 

Vehicle Orientation ¼ Offset 

Longitudinal OIV/ Change in Velocity (ft/s) NA  < 16 ft/s 

Longitudinal ORA (g’s) NA 

Mailbox Release Time (sec) No mailbox release 

Post Release Time (sec) 0.023 

Test Result Pass 

 

2.1.8 Double Mailbox with Thin-Wall Galvanized Support Post in a Type 4 Foundation 

TTI conducted MASH TL-3 crash testing of a dual mailbox mounted on a thin wall steel 

support post, as shown in Figure 20 [8]. Two Elite No. 1-A (Model #E1600B00) standard arched-top 

medium size mailboxes from Solar Group, Inc. were attached to the top of a galvanized, thin-wall steel 

support post at a height of 42 in. above grade. The mailboxes weighed 7 lb and had approximate 

dimensions of 11 in. tall × 8¾ in. wide × 21½ in. deep. A mailbox bracket (DHT #161443) and 

extension bracket (DHT #148938) were attached to the bottom of each mailbox using SAE grade 5 

bolts, nuts, and washers. Attachment of the Elite mailboxes to the post was accomplished using a 

bracket (DHT #162323) that consisted of a horizontal steel plate and tubular socket. The mailboxes 

were bolted to the horizontal plate at a center-to-center spacing of 10 in. The bracket socket was then 

placed over the end of the support post and secured using a ⅜-in. diameter × 3½-in. long SAE grade 5 

hex bolt, flat and lock washers, and nut. The galvanized steel support post (DHT #143426) was 

fabricated from 2-in. nominal 16-gauge (2⅜-in. outside diameter × 0.109-in. wall thickness) thin wall 

ASTM A513 Type 5 DOM steel tubing. The support post, which had a length of 57 in., was inserted 

into a Type 4 foundation socket (DHT #160891) and secured with a tapered semi-circular HDTP wedge 

(DHT #160892) on the impact side. The foundation socket was installed flush with the surface of a 

12-in. diameter × 30-in. deep unreinforced concrete foundation. 

The mailbox system was evaluated using MASH test designation no. 3-61, which consisted 

of a 2,420-lb 1100C small car vehicle impacting the mailbox system at an impact speed of 62 mph and 

an angle of 0 degrees with a ¼ vehicle offset. In test no. 469468-8-2, the test vehicle impacted the 

mailbox system at 63.3 mph and an angle of 0 degrees. Following initial impact, the mailbox support 

post deformed about the front bumper of the vehicle which caused the mailbox to be pulled down onto 

the vehicle’s hood. As the vehicle proceeded downstream, the support post was pulled from the socket. 

The upper section of the mailbox remained attached to the support, and the test article was propelled 

in front of the vehicle. The test was deemed acceptable according to the MASH criteria as all occupant 

risk criteria and occupant compartment deformation and penetration criteria were met during the test. 

Post test photographs and sequential images of the test are shown in Figure 21. A summary of the 

relevant test results is shown in Table 11. 
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Mail Box Mailbox Attachment 
Mailbox-to-

Post Bracket 
Support Base Support Post 

Base-to-Post 

Attachment 

• Dual mailbox 

• Elite No. 1-a 

mailbox 

(#E1600B00) 

• 11 in. tall x 8¾ 

in. wide x 21½ in. 

deep 

• Steel 

• 7 lb (20 lb for 

both mailboxes  

and bracket) 

• 42-in. mounting 

height 

• Collar bracket to post 

– one ⅜-in. diameter 

SAE Grade 5 bolt 

• Extension bracket to 

bracket mount and 

mailbox – four ⅜-in. 

diameter SAE Grade 5 

bolts 

• Extension bracket to 

bracket mount and 

mailbox – eight ¼-in. 

bolts per unit 

• Bracket 

mount 

DHT#161443 

• Extension 

bracket 

DHT#148938 

• Collar 

bracket 

DHT#162323 

Plastic socket 

in reinforced 

concrete 

footing (12 in. 

in diameter x 

30 in. deep) 

• 2⅜-in. 

outside 

diameter 16 

gauge thick 

• ASTM A513 

type 5 DOM 

• 57 in. long 

• 7.5 lb 

Socketed 

with locking 

wedge and 

15-in. 

embedment 

Figure 20. Double Mailbox with Thin-Wall Galvanized Support Post in Type 4 Foundation - 

Test No. 469468-8-2 
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Figure 21. Double Mailbox with Thin-Wall Galvanized Support Post in Type 4 Foundation - 

Test No. 469468-8-2, Test Results 
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Table 11. Double Mailbox with Thin-Wall Galvanized Support Post in Type 4 Foundation - Test 

No. 469468-8-2 

Test no. 469468-8-2 

Test Designation 3-61 

Test Vehicle 1100C 

Impact Speed (mph) 63.3 

Vehicle Orientation ¼ Offset 

Longitudinal OIV/ Change in Velocity (ft/s) 2.6 ft/s < 16 ft/s 

Longitudinal ORA (g’s) 0.5 

Mailbox Release Time (sec) No mailbox release 

Post Release Time (sec) 0.022 

Test Result Pass 

 

2.1.9 MASH Mailbox Testing Conclusions 

Following the collection and review of relevant MASH mailbox testing, the researchers 

drew several conclusions. First, test designation no. 3-61, which consists of a 1100C vehicle 

impacting at high speed, appeared to be the most critical test for evaluation of mailboxes. Results 

from the previous mailbox testing demonstrated that test designation no. 3-61 increased the 

propensity for the mailbox support to interact with the vehicle windshield and result in test failure. 

Test designation no. 3-60, which involves the low-speed impact of a 1100C vehicle, was observed 

to be less critical due to the mailbox typically being pushed down in front of the vehicle at low 

speeds. This tended to limit the potential for the mailbox to violate the occupant compartment and 

windshield criteria. Additionally, because mailbox supports are typically small post sections or 

were socketed, the knockdown or release of the post did not pose significant risk to the impacting 

vehicle. It was also noted that test designation no. 3-62, which consists of the high-speed impact 

of a 2270P vehicle, was not conducted on any of the previous MASH mailbox evaluations. This 

test was omitted because the height of typical mailbox installations relative to the height of the 

front of the pickup truck is low enough that the potential for the mailbox to move over the hood 

and toward the windshield is extremely limited. 

Analysis of the previous mailbox testing results also identified several critical factors that 

appeared to affect their safety performance. First, heavier mailboxes and/or multiple mailbox 

configurations appeared to be more critical than lighter, single mailbox configurations. This was 

attributed to high mass mailbox configurations posing an increased risk for detaching from the 

support and reaching the vehicle windshield. The higher mass would tend to increase the loading 

to the windshield. Similarly, it was apparent that mailboxes that remained attached to the support 

post had better safety performance than those that detached. Detachment of the mailbox was 

generally accompanied by impact of the mailbox on the windshield which caused excessive 

windshield deformation and/or windshield penetrations. Finally, it was noted that ductile support 

posts that do not immediately release from their base seemed to perform well. The ability of the 

post to wrap around the front profile of the small car appeared to pull the mailbox down toward 

the hood and prevent contact of the mailbox with the windshield as long as the mailbox remained 

attached to the support post. This would suggest that a dedicated breakaway mechanism, such as 

a slip base at the bottom of the post, would add unnecessary complexity to these types of devices. 
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No PSST mailbox supports were evaluated to MASH or any of the previous hardware 

evaluation criteria. Discussion of MASH PSST sign support testing is covered in Section 2.2. 

2.2  MASH PSST Sign Support Testing 

Previous MASH testing of PSST sign supports was also collected as part of the research 

efforts [9-10]. Only a very limited number of MASH tests of PSST sign supports were available 

at the time of this study. The PSST sign supports reviewed tended to use larger post sections than 

the proposed mailbox support to accommodate wind loads and used breakaway bases in some 

applications. Additionally, the PSST sign supports had panel mounting heights much higher than 

mailboxes. The limited number of available PSST sign support testing and the differences between 

the sign supports and mailbox supports in terms of section size and mounting height made it 

difficult to determine information from the PSST sign tests that was relevant to the mailbox support 

design in this research. 

2.3  NDOT Mailbox Rule 

The researchers were provided with a draft of NDOT’s proposed rule regarding mailboxes. 

While that draft was not finalized, it provided some guidance relative to the scope of the mailbox 

support effort. The draft rule followed current United States Postal Service (USPS) mailbox 

guidance [11] with some additional criteria specified by NDOT. The draft rule provided the 

following information. 

1. NDOT proposed to allow any standard, large mailbox configuration. The size limitation on 

the mailbox was set at 11 in. high × 14 in. wide × 25 in. deep.  

2. The mailbox materials were limited to lightweight sheet metal or durable thin gauge plastic.  

3. No mass limitations were given for the mailboxes. 

4. Mounting heights were listed between 39 in. to 48 in. to the bottom of the mailbox. It was 

noted that this height range was larger than the 41 in. to 45 in. range specified in USPS 

regulations. 

5. Integrated newspaper boxes were not allowed, but separate newspaper boxes were allowed 

on the mailbox supports. As these newspaper boxes are typically lightweight plastic, they 

were not considered relevant for the mailbox support research effort. 

2.4  Commercially Available Mailboxes 

For the final piece of background material relevant to this research effort, the researchers 

collected available mailboxes and associated mounting hardware that fit within the NDOT draft 

rule criteria for consideration during the design effort. The collected mailboxes and mounting 

hardware are summarized in Appendix A. Note while plastic mailboxes were allowed in the NDOT 

draft rule, they were omitted from the collected mailboxes due to their low weight making them 

less critical from a design standpoint.  
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Data from the collected mailboxes found that mailboxes within the NDOT draft rule 

specifications could vary significantly in mass and ranged from 4.5 lb to 25 lb. Mailbox mounting 

methods also varied widely with some designs using bolts through the base of the mailbox while 

others bolted through the lower side flanges of the mailbox. The spacing and size of the mounting 

hole locations varied as well. Thus, review of generic mailbox mounting brackets was also 

completed to determine what types of connections would need to be accommodated in the NDOT 

mailbox support.  
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3 DESIGN OF PSST MAILBOX SUPPORT 

Following the literature search, MwRSF began the process of determining design concepts 

for a MASH-compliant PSST mailbox support. The effort began with review of a PSST mailbox 

support proposed at the onset of the effort by NDOT. MwRSF and NDOT worked together to 

establish design criteria for a new mailbox support. MwRSF then developed single and dual 

mailbox support designs for the initial dynamic component testing.  

3.1  Original Proposed NDOT Mailbox Support 

At the onset of the research effort, NDOT supplied a proposed mailbox mount to MwRSF 

for consideration as a starting point for the design process, as shown in Figure 22. The NDOT 

mailbox design consisted of a 2-in. × 14-gauge PSST support post inserted in a 2¼-in. × 12-gauge 

PSST embedded stub. The stub section of the mailbox support was 36 in. long and extended 4 in. 

above grade. The PSST support post was inserted 6 in. into the lower stub. Both the support post 

and embedded stub were made of ASTM A1011 Grade 50 steel. A mailbox mount was created by 

welding a 1/16-in. thick ASTM A36 plate to a 1¾-in. × 14-gauge PSST stub inserted 5 in. into the 

top of the PSST support post. The support post was connected to the embedded stub and mounting 

plate stub with 5/16-in. diameter corner bolts. Four ¼-in. diameter Phillps round head bolts were 

used to attach the mounting plate to the base of the mailbox.  

Comparison of this design to previously tested mailbox systems and existing mailboxes led 

the researchers to note that there may be design modifications to the proposed mailbox support. 

First, it was noted that the mounting plate may need to be modified to accept mounting bolts from 

a wider variety of mailbox types. Second, it was noted that the mailbox mount currently used a 

PSST stub at the base of the mounting plate which could make fabrication difficult. PSST currently 

is only readily available in galvanized form. As such, welding a tube to the base plate could be 

difficult due to toxicity and weld issues associated with welding galvanized steel. Finally, the 

previous testing of mailbox supports suggested that the strength of the connection between the 

mailbox mount and mailbox was critical to retaining the mailbox to the support and the overall 

safety performance of the mailbox support. As such, it was noted that increasing the size, grade, 

or number of attachment bolts may need to be considered depending on the mass of the mailbox 

used with the support.
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Figure 22. NDOT Original PSST Mailbox Support Design Concept 
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3.2  Mailbox Support Design Criteria 

MwRSF researchers collaborated with NDOT representatives to determine design criteria 

for the MASH-compliant mailbox support. As noted previously, NDOT wished the design to be 

based on their original proposed mailbox support, but several design criteria relative to the mailbox 

design needed to be determined prior to development of a mailbox support for dynamic component 

testing.  

The first design criteria dealt with the mass of the mailboxes to be evaluated. Previously, 

the researchers had noted that available mailboxes within the size range allowed by NDOT could 

weigh as much as 25 lb. Review of existing full-scale crash tests of mailboxes indicated that 

heavier mailboxes tended to be more critical in terms of safety performance as they had a higher 

propensity for detaching from the mailbox support and tended to induce greater damage to the 

vehicle. Consequently, mailbox mounting hardware for heavier mailboxes was more robust and/or 

complex to accommodate the increased mailbox weight. Successful safety performance for heavy 

mailboxes was only accomplished through the use of larger mounting hardware diameter and/or 

grade or the use of additional mounting brackets to increase the number of attachment points. 

Many existing mailboxes are provided with only a limited number and size of mounting holes, as 

shown in Figure 23, and improving the connection of these mailboxes to the mailbox support might 

require modification of the mailbox itself. NDOT representatives did not desire to add complexity 

to the mailbox mount or require modification of available mailboxes in order to achieve acceptable 

safety performance. Thus, it was decided to limit the new PSST mailbox mount design to 

mailboxes with a weight of 10 lb or less. It was believed that this weight would allow for effective 

attachment of mailboxes without modification other than upgrading the grade or size of the 

mounting hardware.  

The mounting height of the mailbox support was also reviewed. NDOT guidance allowed 

mailboxes to be mounted between 39 in. and 48 in. to the bottom of the mailbox and USPS 

regulations provide a range of 41 in. to 45 in. Previous MASH full-scale crash testing was 

consistently conducted with the mailbox with a height of 42 in. to the base of the mailbox. Mailbox 

mounting heights above 42 in. may create increased extension of the mailbox over the vehicle 

hood during impact and increase the propensity for contact with the vehicle windshield. To make 

the new mailbox support consistent with previous designs and limit variability in performance, 

NDOT elected to establish a mounting height of 42 in. for the mailbox support and planned to 

update their draft rule to establish a 42-in. mounting height as the standard.  

Because the mailbox support was to be based on PSST, MwRSF noted to NDOT that PSST 

manufacturers have a variety of prefabricated PSST mounts that could potentially be used to attach 

the support post to the mailbox mounting bracket. Additionally, there were several commercially 

available mailbox mounting brackets available for single or dual mailbox mounts. Thus, MwRSF 

and NDOT discussed the use of the commercially available components in the design. NDOT 

indicated that they preferred simple, non-proprietary mounting hardware if possible. Thus, they 

wished to retain a simple plate type mailbox mount with that could be fabricated easily for the 

mailbox support.  
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Figure 23. Various Mailbox Mounting Configurations 
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It was noted the originally proposed NDOT mailbox support design connected the support 

post to the stub and the mounting bracket with 5/16-in. diameter corner bolts. These bolts were 

typically low-grade bolt material and were lower in terms of capacity than the mailbox mount 

attachment hardware. As such, there was some concern that the corner bolts would limit the ability 

of the support to retain the mailbox during impact. However, because those connections combine 

socketing of the adjacent tubes in addition to the corner bolts, it was decided to use the corner bolts 

until a problem was identified in dynamic testing.  

Finally, NDOT requested development of both single and dual mailbox supports. As such, 

details were proposed for both single and dual mailbox options.  

3.3  Single Mailbox Support Concept 

A single mailbox mount concept was developed based on the previously-described original 

design concept from NDOT and information gleaned from the literature review, as shown in Figure 

24. The support post and embedded stub remained unchanged from the original NDOT concept 

and consisted of a 2-in. × 14-gauge PSST and a 2¼-in. × 12-gauge PSST, respectively. The stub 

was 36 in. long and embedded 32 in. into the ground. The support post was socketed 6 in. inside 

the stub and was connected to the stub with a 5/16-in. diameter corner bolt. The mailbox mount was 

modified from the original NDOT design. The mounting plate was fabricated from 14-gauge 

ASTM 1011 Grade 50 steel. The shape of the mounting plate was modified to add bent flanges on 

the side and additional mounting holes. These modifications were made to allow for attachment of 

the wide variety of base-mounted and side flange-mounted mailboxes that could potentially be 

used with the mailbox support. The mounting plate was welded to a 2½-in. × 2½-in. × 3/16-in. steel 

tube that socketed over the support post and was held in place by a 5/16-in. diameter corner bolt. 

Both Grade 2 and Grade 5 mailbox attachment hardware were considered for the single mailbox 

support concept.  



July 7, 2023  

MwRSF Report No. TRP-03-473-23 

44 

 

  

Figure 24. Single Mailbox Support Concept 
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3.4  Dual Mailbox Support Concept 

3.4.1.1 Non-Proprietary Dual Mailbox Mount Concepts 

NDOT requested that the researchers develop a dual mailbox support concept based on the 

single mailbox support. The dual mailbox support concepts used the same stub and support post 

as the single mailbox support concept but modified the mailbox mounting bracket to accommodate 

two mailboxes. Two modified mounting bracket concepts were developed based on the extension 

of the single mounting bracket to a dual mailbox configuration. The first concept consisted of a 

single bent plate that had two mailbox mounting sections with a flat section of plate between them, 

as shown in Figure 25. A tube socket was welded beneath the midspan of the plate for attachment 

to the support post, and gussets were welded beneath the plate to support the cantilevered weight 

of the mailboxes and reinforce the mounting bracket. The second dual mailbox mounting bracket 

concept is shown in Figure 26. This concept uses a gusseted flat plate welded to the tube socket. 

Separate mounting bracket parts could then be bolted to the plate to accommodate dual mailboxes.  

NDOT reviewed both proposed dual mailbox mounting options. While both mounts were 

perceived to meet the design goals, it was believed that they would be complicated and costly to 

fabricate compared to some of the commercially available dual mailbox mounting brackets. NDOT 

preferred a dual mailbox mount made by TAPCO that they had used on previous mailbox supports. 

Thus, the researchers were asked to adopt the TAPCO dual mailbox mount to the proposed PSST 

mailbox support. 

   

Figure 25. Non-Proprietary Dual Mailbox Support Bracket Concept No. 1 

  

Figure 26. Non-Proprietary Dual Mailbox Support Bracket Concept No. 2 
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3.4.1.2 TAPCO Dual Mailbox Mount Concept 

NDOT had previously used the TAPCO dual mailbox mount kit (Part no. 034-00045) and 

requested that MwRSF adopt that mailbox mount to the proposed PSST support, as shown in 

Figure 27. The TAPCO mount was intended for use with a circular, 2-in. diameter tube post 

manufactured by TAPCO. The kit contains a pair of two-piece, adjustable, 16-gauge mounting 

brackets and a 14-gauge flat plate bracket. The mount used 5/16-in. diameter spade bolts to connect 

the support to the flat plate bracket. The adjustable mailbox brackets were bolted to the flat plate 

bracket with 5/16-in. truss head machine screws. The adjustable mailbox brackets facilitated 

attachment of mailboxes through the lower flange of the mailbox with #10 machine screws. 

Review of the TAPCO mount identified several considerations to take into account when 

adopting the design for the proposed PSST support. First, the mounting bracket configuration 

allowed mailbox attachment through the lower flange of the mailbox with small diameter, low-

grade mounting hardware. Side flange mounting would be limited to lighter mailbox options with 

side flange mounts as heavier mailboxes tended to use only base bolting options. The #10 machine 

screws used to attach the mailboxes were lower capacity than the hardware used in previous 

MASH crash tested mailbox supports, so there was some concern that the mailboxes may detach 

during impact with the smaller hardware. Similar concerns for mailbox detachment were noted 

with respect to the 5/16-in. diameter spade bolts used in the mount. The TAPCO mount was also 

not designed for use with PSST. Thus, the mount would need to connect to the PSST with the 

available hardware in some manner. 

The TAPCO mount only required minor modifications for use with the PSST support. The 

mailbox weight for the dual support was limited to 3 to 5-lb mailboxes. This reduced concerns for 

mailbox detachment and ensured that commercially available mailboxes would have side flanges 

compatible with the mounting bracket. The 5/16-in. diameter spade bolts were compatible for 

attachment to the 2-in. square PSST support post through the use of a 5/16-in. diameter hex bolt 

supplied with the kit. As such, the supplied TAPCO mounting hardware was used for attachment 

of the spade bolts to the PSST and attachment of the flat plate bracket to the adjustable mailbox 

brackets. The mounting bolts for attachment of the mailbox to the mounting brackets were 

upgraded to ¼-in. diameter SAE Grade 5 hardware to mitigate concerns for mailbox detachment. 

The modified TAPCO dual mailbox mount on the PSST support is shown schematically in Figure 

28. 

 

Figure 27. TAPCO Dual Mailbox Mounting Kit 
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Figure 28. Modified TAPCO Dual Mailbox Mount for PSST Mailbox Support 



July 7, 2023  

MwRSF Report No. TRP-03-473-23 

48 

4 TEST REQUIREMENTS AND EVALUATION CRITERIA 

4.1 Test Requirements 

Support structures, such as mailbox supports, must satisfy impact safety standards to be 

declared eligible for federal reimbursement by the Federal Highway Administration (FHWA) for 

use on the National Highway System. For new and existing hardware, these safety standards 

consist of the guidelines and procedures published in MASH. According to TL-3 criteria, support 

structures must be subjected to three full-scale vehicle crash tests, as summarized in Table 12.  

 

Table 12. MASH TL-3 Crash Test Conditions for Support Structures 

Test 

Article 

Test 

Designation 

No. 

Test 

Vehicle 

Vehicle 

Weight, 

lb 

Impact Conditions 
Evaluation 

Criteria1 
Speed, 

mph 

Angle, 

degrees 

Support 

Structures 

3-60 1100C 2,420 19 CIA 3-60 

3-61 1100C 2,420 62 CIA 3-61 

3-62 2270P 5,000 62 CIA 3-62 
1 Evaluation criteria explained in Table 13. 

 

Surrogate vehicle testing was planned for the research and development effort in 

accordance with MASH test designation no. 3-61 on two prototype mailbox supports. Each 

mailbox support installation was contacted by the surrogate, reusable, 1100C test vehicle at a 0-

degree angle. MASH notes that the critical impact angle (CIA) should be selected to represent the 

highest risk for the system to fail any of the recommended evaluation criteria. Since permanent 

sign supports are not typically installed 90 degrees from the normal direction of travel, a critical 

impact angle ranging between 0 and 25 degrees is recommended. Historically, mailbox support 

systems have been impacted using a 0-degree angle due to a belief that it provided the most critical 

condition for maximizing the potential for the mailbox to disengage from the support and move 

directly toward and make contact with the windshield. The critical impact point in each test was 

the right or left quarter point of the vehicle’s front bumper in accordance with MASH 

recommendations. For this exploratory research effort, a 0-degree CIA was evaluated on the single 

mailbox support and a 10-degree CIA was evaluated on the dual mailbox support, although further 

evaluation is recommended to determine if non-zero impact angles are more critical for single, U-

channel, breakaway sign support evaluations. 

Note that although the surrogate, non-compliant, 1100C test vehicle was similar to a 

compliant 1100C MASH small car, the test results were considered exploratory in nature. Thus, 

the test results were believed to be consistent with MASH 1100C crash performance according to 

MASH test designation no. 3-61 specifications but do not constitute a compliant test. Additionally, 

MASH test designation nos. 3-60 and 3-62 impact conditions were not conducted as part of this 

research and development effort. While these tests were deemed non-critical for the evaluation of 

mailbox supports, it may be worth considering evaluation of the system with the complete test 

matrix to build further confidence in the safety performance of these types of systems as part of 

the implementation of MASH due to the lack of experience and knowledge regarding the 
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performance of new vehicle types with certain types of hardware. Additionally, further 

investigation may be necessary to evaluate system performance at non-zero impact angles, up to 

25 degrees as specified in MASH. 

4.2 Evaluation Criteria 

Evaluation criteria for vehicle crash testing were based on three appraisal areas: (1) 

structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for 

structural adequacy included the test article should readily activate in a predicable manner by 

breaking away, fracturing, or yielding. Occupant risk evaluated the degree of hazard to occupants 

in the impacting vehicle. Post-impact vehicle trajectory was a measure of the potential of the 

vehicle to result in a secondary collision with other vehicles and/or fixed objects, thereby 

increasing the risk of injury to the occupants of the impacting vehicle and/or other vehicles. These 

evaluation criteria are summarized in Table 13 and are defined in greater detail in MASH 2016. 

It is important to note that in tests of breakaway features, the impulse on the vehicle may 

be relatively small and of short duration. It is not unusual for x and y in the flail-space model to be 

less than 2 ft and 1 ft, respectively, during the period in which accelerations are recorded or up to 

the time brakes are applied to the test vehicle. As specified in Section A5.5.2 of MASH, in such 

cases, it is recommended that the OIV be set equal to the vehicle’s change in velocity that occurs 

during contact with the test article, or parts thereof [4]. If parts of the test article remain with the 

vehicle after impact, the vehicle’s change in velocity should be computed at the time the vehicle 

clears the footing or foundation of the test article. 

In addition to the standard occupant risk measures, the Post-Impact Head Deceleration 

(PHD), Theoretical Head Impact Velocity (THIV), and Acceleration Severity Index (ASI) were 

determined and reported. Additional discussion on PHD, THIV, and ASI is provided in MASH. 

4.3  Soil Strength Requirements 

In accordance with Chapter 3 and Appendix B of MASH, foundation soil strength must be 

verified before any full-scale crash testing can occur. Because the testing conducted on the mailbox 

supports was not MASH compliant, no verification of soil strength was performed prior to the 

testing. Note that the mailbox supports were installed using the same soil materials and backfill 

and compaction procedures used by MwRSF in full-scale testing of soil dependent hardware 

systems. 
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Table 13. MASH Evaluation Criteria for Mailboxes 

Structural 

Adequacy 

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 an 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 Velocity (OIV) (see Appendix A, Section 

A5.2.2 of MASH for calculation procedure) should satisfy the 

following limits: 

 Occupant Impact Velocity Limits 

Component Preferred Maximum 

Longitudinal 10 ft/s 16 ft/s 

I. The Occupant Ridedown Acceleration (ORA) (see Appendix A, 

Section A5.2.2 of MASH for calculation procedure) should 

satisfy the following limits: 

 Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15.0 g’s 20.49 g’s 

Post-Impact 

Vehicular 

Response 

N. Vehicle trajectory behind the test article is acceptable. 
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5 TEST CONDITIONS 

5.1  Test Facility 

The Outdoor Test Site is located at the Lincoln Air Park on the northwest side of the 

Lincoln Municipal Airport and is approximately 5 miles northwest of the University of Nebraska-

Lincoln. 

5.2  Vehicle Tow and Guidance System 

A reverse-cable tow system with a 1:2 mechanical advantage was used to propel the test 

vehicle. The distance traveled and the speed of the tow vehicle were one-half that of the test 

vehicle. The test vehicle was released from the tow cable before impact with the barrier system. A 

digital speedometer on the tow vehicle increased the accuracy of the test vehicle impact speed. 

A vehicle guidance system developed by Hinch [13] was used to steer the test vehicle. A 

guide flag, attached to the left-front wheel and the guide cable, was sheared off before impact with 

the barrier system. The ⅜-in. diameter guide cable was tensioned to approximately 3,500 lb and 

supported both laterally and vertically every 100 ft by hinged stanchions. The hinged stanchions 

stood upright while holding up the guide cable, but as the vehicle was towed down the line, the 

guide flag struck and knocked each stanchion to the ground. 

5.3  Test Vehicles 

For test no. NMB-1, a 2014 Hyundai Accent was used as the test vehicle. Testing with a 

non-compliant, surrogate MASH vehicle allowed the mailboxes to be more effectively evaluated 

than a standard sled test because the surrogate vehicle would provide more accurate impact 

performance and insight regarding the potential for windshield damage and occupant compartment 

penetration risks. The curb, test inertial, and gross static vehicle weights were 2,519 lb, 2,471 lb, 

and 2,471 lb, respectively. The test vehicle is shown in Figure 29, and vehicle dimensions are 

shown in Figure 30. Note that pre-test photographs of the vehicle’s interior floorboards and 

undercarriage are not available.  

MASH requires test vehicles used in crash testing to be no more than six model years old. 

A 2014 model was used for this test because the vehicle geometry of newer models did not comply 

with recommended vehicle dimension ranges specified in Table 4.1 of MASH. A vehicle outside 

the MASH age requirement was used for the testing detailed herein as it was exploratory in nature 

and reduced the cost of the testing. 

The longitudinal component of the center of gravity (c.g.) was determined using the 

measured axle weights the vertical component of the c.g. for the 1100C vehicle was determined 

utilizing a procedure published by SAE [14]. The final c.g. location is shown in Figure 30.  

Ballast information and data used to calculate the location of the c.g. are shown in 

Appendix C. Square, black-and-white checkered targets were placed on the vehicle for reference, 

as shown in Figure 31, to serve as a reference in the high-speed digital video and aid in the video 

analysis. Round, checkered targets were placed at the c.g. on the left-side door, the right-side door, 

and the roof of the vehicle. 
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The front wheels of the test vehicle were aligned to vehicle standards except the toe-in 

value was adjusted to zero such that the vehicles would track properly along the guide cable. A 5B 

flash bulb was mounted under the vehicle’s left-side windshield wiper and was fired by a pressure 

tape switch mounted at the impact corner of the bumper. The flash bulb was fired upon initial 

impact with the test article to create a visual indicator of the precise time of impact on the high-

speed digital videos. A radio-controlled brake system was installed in the test vehicle so the vehicle 

could be brought safely to a stop after the test. 

 

 

 

Figure 29. Test Vehicle, Test No. NMB-1 
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Figure 30. Vehicle Dimensions, Test No. NMB-1 
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Figure 31. Target Geometry, Test No. NMB-1 

 

5.4  Simulated Occupant 

For full-scale crash testing, a Hybrid II 50th-Percentile, Adult Male Dummy equipped with 

footwear is typically placed in the right-front seat of the test vehicle with the seat belt fastened. 

However, because the testing detailed herein was exploratory in nature and not MASH compliant, 

no dummy was installed in the vehicle for the testing.  
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5.5  Data Acquisition Systems 

5.5.1.1 Accelerometers and Rate Transducers 

The accelerometer and rate transducer systems used in the exploratory testing were the 

SLICE-1 and SLICE-2 units described below. Units were positioned near the c.g. of the test vehicle 

and the SLICE-1 unit was designated as primary. Data obtained in dynamic testing was filtered 

using the SAE Class 60 and the SAE Class 180 Butterworth filter conforming to the SAEJ211/1 

specifications [12] 

The SLICE-1 and SLICE-2 units were modular data acquisition systems manufactured by 

Diversified Technical Systems, Inc. of Seal Beach, California. Triaxial acceleration and angular 

rate sensor modules were mounted inside the bodies of custom-built SLICE 6DX event data 

recorders equipped with 7GB of non-volatile flash memory and recorded data at 10,000 Hz to the 

onboard microprocessor. The accelerometers had a range of ±500g’s in each of three directions 

(longitudinal, lateral, and vertical) and a 1,650 Hz (CFC 1000) anti-aliasing filter. The SLICE 

MICRO Triax ARS had a range of 1,500 degrees/sec in each of three directions (roll, pitch, and 

yaw). The raw angular rate measurements were downloaded, converted to the proper Euler angles 

for analysis, and plotted. The “SLICEWare” computer software program and a customized 

Microsoft Excel worksheet were used to analyze and plot both the accelerometer and angular rate 

sensor data. 

5.5.1.2 Retroreflective Optic Speed Trap 

A retroreflective optic speed trap was used to determine the speed of the test vehicle before 

impact. Five retroreflective targets, spaced at approximately 18-in. intervals, were applied to the 

side of the vehicle. When the emitted beam of light was reflected by the targets and returned to the 

Emitter/Receiver, a signal was sent to the data acquisition computer, recording at 10,000 Hz, as 

well as the external LED box activating the LED flashes. The speed was then calculated using the 

spacing between the retroreflective targets and the time between the signals. LED lights and high-

speed digital video analysis are used as a backup if vehicle speeds cannot be determined from the 

electronic data. 

5.5.1.3 Digital Photography 

Three AOS high-speed digital video cameras, two GoPro digital video cameras, and four 

Panasonic digital video cameras were utilized to film test no. NMB-1. Camera details, camera 

operating speeds, lens information, and a schematic of the camera locations relative to the system 

are shown in Figure 32.  

The high-speed videos were analyzed using TEMA Motion and Redlake MotionScope 

software programs. Actual camera speed and camera divergence factors were considered in the 

analysis of the high-speed videos. A digital still camera was also used to document pre- and post-

test conditions for all tests. 
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No. Type 
Operating Speed 

(frames/sec) 
Lens Lens Setting 

AOS-5 AOS X-PRI Gigabit 500 100 mm  

AOS-11 AOS Vitcam CTM 500 17-50 at 35  

AOS-12 AOS Vitcam CTM 500 24-135 at 35  

GP-23 GoPro Hero 7 120   

GP-24 GoPro Hero 7 120   

PAN-2 Panasonic HC-V770 120   

PAN-4 Panasonic HC-V770 120   

PAN-5 Panasonic HC-V770 120   

PAN-6 Panasonic HC-V770 120   

Figure 32. Camera Locations, Speeds, and Lens Settings, Test No. NMB-1 
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6 DESIGN DETAILS 

The single and dual PSST mailbox supports impacted in the dynamic component testing 

with a surrogate, non-compliant MASH 1100C vehicle are shown in Figures 33 through 43. 

Photographs of the test installation are shown in Figures 44 through 46 .Material specifications, 

mill certifications, and certificates of conformity for the system materials are shown in Appendix 

B  

The single mailbox support consisted of a 2¼-in. × 12-gauge PSST embedded stub and a 

2-in. × 14-gauge PSST support post. The stub was 36 in. long and embedded 32 in. into the ground. 

The support post was socketed 6 in. inside the stub and was connected to the stub with a 5/16-in. 

diameter corner bolt. The mailbox mount consisted of a mounting plate and socket tube. The 

mounting plate consisted of a bent plate with side flanges and was fabricated from 14-gauge ASTM 

1011 Grade 50 steel. Holes and slots were fabricated through the mounting plate to accommodate 

various mailbox side flange and base attachment options. The mounting plate was welded to a 2½-

in. x 2½-in. x 3/16-in. A512 Grade B steel tube that socketed over the support post and was held in 

place by a 5/16-in. diameter corner bolt. Four ¼-in. diameter SAE J429 Grade 5 bolts were used to 

attach the mounting bracket to the base of the mailbox. A Gibraltar Northpointe Post Mount 

Mailbox (Model #NM160V01) made from galvanized steel was attached to the mailbox support. 

The mailbox weight was 10.2 lb. 

The dual mailbox support used the same stub and support post as the single mailbox support 

concept but modified the mailbox mounting bracket to accommodate two mailboxes. A TAPCO 

dual mailbox mount kit (Part no. 034-00045) was used to mount the dual mailboxes to the support 

post. The kit contained a pair of two-piece, adjustable, 16-gauge mounting brackets and a 14-gauge 

flat plate bracket. The TAPCO mounting kit supplied 5/16-in. diameter spade bolts and a 5/16-in. 

diameter hex bolt that were compatible for attachment of the flat plate bracket to the 2-in. square 

PSST support post. The adjustable mailbox brackets were bolted to the flat plate bracket with 5/16-

in. truss head machine screws. The mounting bolts for attachment of the mailbox to the mounting 

brackets were upgraded to ¼-in. diameter SAE Grade 5 hardware to mitigate concerns for mailbox 

detachment. A Gibraltar Elite Post Mount Mailbox (Model #E1100B00) made from galvanized 

steel was attached to each mailbox mounting bracket. The mailbox weight was 4.6 lb. 

Both mailbox supports were imbedded 32 in. into a compacted, coarse, crushed limestone 

material, alternatively classified as well-graded gravel by the Unified Soil Classification System 

that met American Association of State Highway and Transportation Officials (AASHTO) 

standard soil designation M147 Grade B. The second mailbox was placed 25 feet downstream and 

with an offset equal to one half the vehicle’s width from the first mailbox, as shown in Figure 33. 
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Figure 33. Test Installation Layout, Test No. NMB-1  
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Figure 34. Support Layout Details, Test No. NMB-1  
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Figure 35. Support Assembly Details, Test No. NMB-1  
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Figure 36. Dual Mailbox Support Assembly Details, Test No. NMB-1  
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Figure 37. Configurations 1 and 2 Mailbox Mounting Details, Test No. NMB-1  
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Figure 38. Mailbox Mount Assembly Details, Test No. NMB-1  
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Figure 39. Support Tubes and Mailbox Details, Test No. NMB-1  
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Figure 40. Dual Mailbox Mount Bracket Components, Test No. NMB-1  
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Figure 41. Hardware, Test No. NMB-1  
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Figure 42. Dual Mailbox Mounting Hardware, Test No. NMB-1  
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Figure 43. Bill of Materials, Test No. NMB-1  
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Figure 44. Test Installation Photographs, Test No. NMB-1 
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Figure 45. Test Installation Photographs, Test No. NMB-1 
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Figure 46. Test Installation Photographs, Test No. NMB-1 
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7 FULL-SCALE CRASH TEST NO. NMB-1 (NMB-1A AND NMB-1B) 

7.1  Weather Conditions 

Test no. NMB-1 was conducted on March 21, 2022 at approximately 2:30 p.m. The 

weather conditions as reported by the National Oceanic and Atmospheric Administration (station 

14939/KLNK) are shown in Table 14. 

Table 14. Weather Conditions, Test No. NMB-1 

Temperature 59°F 

Humidity 49% 

Wind Speed 20 mph 

Wind Direction 170° from True North 

Sky Conditions Sunny 

Visibility 10 Statute Miles 

Pavement Surface Dry 

Previous 3-Day Precipitation   0.36 in. 

Previous 7-Day Precipitation   0.71 in. 

 

7.2  Test Description 

Test no. NMB-1 was conducted as a dynamic component test to explore the performance 

of two prototype PSST mailbox supports. The test was conducted using a surrogate, non-

compliant, MASH 1100C vehicle that impacted two mailbox supports in a single vehicle pass. The 

first mailbox support impact (single mailbox support) was identified as test no. NMB-1A, and the 

second mailbox support impact (dual mailbox support) was identified as test no. NMB-1B. The 

two mailbox supports were offset longitudinally by 25 ft and were offset laterally to allow impact 

on opposing quarter points of the test vehicle, as shown in Figure 47. 

In test no. NMB-1A, the 2,471-lb small car impacted the single mailbox support at a speed 

of 63.7 mph and an angle of 0 degrees with a ¼ offset toward the left side of the vehicle. During 

the impact, the PSST support post wrapped around the front of the vehicle which pulled the 

mailbox down toward the hood. The mailbox impacted near the front of the hood at approximately 

0.020 sec after initial impact. Impact with the vehicle hood caused the mailbox to detach at three 

of the four bolt locations on the base of the mailbox due to the bolts pulling through the base of 

the mailbox. The bolts remained intact and attached to the mounting plate. The PSST post 

separated from the embedded stub due to fracture of the corner bolt near the base of the post. After 

the post was released, the mailbox and post were propelled downstream in front of the 1100C 

vehicle. No contact with the windshield or deformation or penetration of the occupant 

compartment were observed due to contact with the mailbox. The vehicle continued downstream 

toward the second mailbox support installation. 

In test no. NMB-1B, the 2,471-lb small car impacted the dual mailbox support at a speed 

of 61.1 mph and an angle of 10 degrees with a ¼ offset toward the right side of the vehicle. During 

the impact, the PSST support post wrapped around the front of the vehicle which pulled the 
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mailbox down toward the hood. The mailboxes impacted the upper third of the hood at 0.022 sec 

after initial impact. The PSST did not separate from the embedded stub in this impact, but partial 

fracture of the PSST post was noted near the stub socket. Without post release from the stub, the 

post was pulled down beneath the vehicle. This motion generated sufficient load to fracture the 

spade bolts connecting the TAPCO mounting assembly to the top of the PSST post. Fracture of 

the spade bolts released the mailboxes and TAPCO mounting bracket from the PSST at 0.040 sec 

after impact. After the mailboxes released, the mailbox and mounting bracket were propelled up 

and to the side of the 1100C vehicle with little to no relative velocity toward the windshield. The 

vehicle continued downstream and overrode the PSST support post and stub. No contact with the 

windshield or deformation or penetration of the occupant compartment were observed due to 

contact with the mailbox. 

A detailed description of the sequential impact events is contained in Tables 15 and 16. 

Sequential photographs are shown in Figures 48 through 50. The vehicle trajectory and final 

position are shown in Figure 51. 
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Figure 47. Target Impact Location, Test No. NMB-1 
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Table 15. Sequential Description of Impact Events, Test No. NMB-1A 

Time 

(sec) 
Event 

0.000 Vehicle's front bumper contacted System 1 post and deformed. 

0.008 System 1 post bent and buckled towards the vehicle's hood. 

0.020 Vehicle's hood contacted System 1 and deformed. 

0.046 System 1 post disengaged from anchor sleeve. 

0.060 System 1 became airborne. 

0.590 System 1 contacted ground. 

 

Table 16. Sequential Description of Impact Events, Test No. NMB-1B 

Time 

(sec) 
Event 

0.000 
Vehicle' s front bumper contacted System 2 post and deformed and stripped right 

side of bumper. 

0.006 
Vehicle's hood and right fender contacted System 2 and deformed. System 2 post 

bent and buckled toward vehicle's hood. 

0.012 Vehicle's right headlight contacted System 2 post and fractured. 

0.040 System 2 mailboxes disengaged from post. 

0.104 System 2 mailboxes became airborne. 

1.183 System 2 mailboxes contacted ground. 
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Test No. NMB-1A 
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Test No. NMB-1B 

Figure 48. Sequential Photographs, Test No. NMB-1 
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Figure 49. Sequential Photographs, Test No. NMB-1A 
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Figure 50. Sequential Photographs, Test No. NMB-1B 
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Figure 51. Vehicle Final Position and Trajectory Marks, Test No. NMB-1 
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7.3  System Damage 

Damage to System A, the single mailbox support, was extensive, as shown in Figures 

Figure 52 and 53. The embedded stub of the mailbox support was displaced several inches through 

the soil and was bent near the groundline. The corner bolt connecting the stub to the mailbox 

support post fractured and the support post pulled out of the embedded stub. The single mailbox 

in System A was completely detached from the support post and mounting bracket due to the 

mounting bolts being pulled through the base of the mailbox. Note that review of the high-speed 

video found that three of the bolts detached during the initial vehicle impact. It is likely that the 

final bolt pulled through the base of the mailbox due to secondary impact with the ground. The 

mailbox was severely deformed and had fractured at several spotwelds holding the sections of the 

mailbox together. The support post was kinked and bent at two locations midway along its length. 

The mounting bracket remained attached to the top of the support post. All the mailbox attachment 

bolts were intact and remained attached to the mounting plate.  

Damage to System B, the dual mailbox support, was extensive, as shown in Figures 54 and 

55. The embedded stub of the mailbox support was displaced several inches through the soil and 

was bent near the groundline. The mailbox support post remained connected to the embedded stub 

and the corner bolt connecting the stub and support post remained intact. The mailbox support post 

was kinked and bent at a location midway along its length and was partially fractured where it was 

inserted into the stub. The dual mailboxes in System B were completely detached from the support 

post due to fracture of both spade bolts connecting the support post to the TAPCO mounting 

bracket. Both mailboxes remained attached to the TAPCO mounting bracket. The flat plate portion 

of the bracket and the adjustable brackets remained attached to each other and the mailboxes, but 

the mounting bracket hardware was deformed during impact. The mailbox nearest to the vehicle 

at impact was severely deformed. The rear mailbox was deformed as well, but the extent of the 

deformation was significantly less. All mailbox attachment bolts were intact and remained 

attached. 
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Figure 52. System Damage, Test No. NMB-1A 
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Figure 53. System Damage, Test No. NMB-1A 
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Figure 54. System Damage, Test No. NMB-1B 
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Figure 55. System Damage, Test No. NMB-1B 
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7.4  Vehicle Damage 

The surrogate, reusable, 1100C test vehicle sustained moderate damage, as shown in Figure 

56. Damage consisted of minor deformation and contact marks at the left ¼ point of the front 

bumper where impact occurred. The right ¼ point of the front bumper sustained more damage as 

the right quarter of the bumper cover was disengaged, along with minor deformation of the bumper 

structure, and fracture of the right headlight cover. Indentation was visible on both sides of the 

vehicle hood due to contact with the mailboxes. No damage was observed to the windshield or 

roof of the vehicle. Occupant compartment deformations were not formally measured for this non-

compliant test with a surrogate vehicle. While undercarriage contact with the System B mailbox 

support occurred, no visible occupant compartment deformations were observed. 
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Figure 56. Vehicle Damage Test No. NMB-1 
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7.5  Occupant Risk 

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec average 

occupant ridedown accelerations (ORAs) in both the longitudinal and lateral directions, as 

determined from the accelerometer data for test nos. NMB-1A and test no. NMB-1B, are shown 

in Tables 17 and 18, respectively. Note that the OIVs and ORAs were within suggested limits, as 

provided in MASH. The calculated THIV, PHD, and ASI values are also shown in tables 17 and 

18. Note that the mailbox impacts were not sufficient to trigger an occupant impact with the interior 

of the vehicle according to the flail space model used to determine occupant risk. Thus, no ORA 

or PHD values were determined for the event. The OIV values listed correspond to the change in 

velocity of the test vehicle after the vehicle lost contact with the test article and/or the rear of the 

vehicle passed over the stub of the support. The recorded data from the accelerometers and the rate 

transducers is shown graphically in Table 17. 

 

Table 17. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. NMB-1A 

Evaluation Criteria 
Transducer data MASH 2016 

Limits SLICE-1 (primary) SLICE-2 

OIV 

ft/s 

Longitudinal -3.69 -3.63 ±40 

Lateral 0.46 0.52 ±40 

ORA 

g’s 

Longitudinal N/A N/A ±20.49 

Lateral N/A N/A ±20.49 

Maximum 

Angular 

Displacement 

deg. 

Roll 1.05 1.30 ±75 

Pitch -0.64 -0.90 ±75 

Yaw -1.47 -1.58 not required 

THIV – ft/s 0 0 not required 

PHD – g’s N/A N/A not required 

ASI 0.20 0.26 not required 
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Table 18. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. NMB-1B 

Evaluation Criteria 
Transducer data MASH 2016 

Limits SLICE-1 (primary) SLICE-2 

OIV 

ft/s 

Longitudinal -3.12 -3.09 ±40 

Lateral 0.52 0.15 ±40 

ORA 

g’s 

Longitudinal N/A N/A ±20.49 

Lateral N/A N/A ±20.49 

Maximum 

Angular 

Displacement 

deg. 

Roll -2.10 -2.64 ±75 

Pitch -1.14 -1.23 ±75 

Yaw 4.58 4.53 not required 

THIV – ft/s 0 0 not required 

PHD – g’s N/A N/A not required 

ASI 0.15 0.15 not required 

 

7.6  Discussion 

The analysis of the test results for test no. NMB-1 showed that both the prototype single 

and dual mailbox systems had the potential to meet MASH TL-3. A summary of the test results 

and sequential photographs are shown in Figures 57 and 58.  

In test no. NMB-1A, detached elements, fragments, or other debris from the test article did 

not penetrate or show potential for penetrating the occupant compartment, or present an undue 

hazard to other traffic, pedestrians, or work-zone personnel. Deformations of, or intrusions into, 

the occupant compartment that could have caused serious injury were not observed, but it should 

be noted that formal occupant compartment measurements were not recorded. Vehicle roll, pitch, 

and yaw angular displacements were deemed acceptable because they did not adversely influence 

occupant risk nor cause rollover. Occupant risk values were within the MASH limits. Therefore, 

test no. NMB-1A indicated that the performance of the PSST single mailbox support had the 

potential to be acceptable according to the MASH safety performance criteria for test designation 

no. 3-61. 

In test no. NMB-1B, detached elements, fragments, or other debris from the test article did 

not penetrate or show potential for penetrating the occupant compartment, or present an undue 

hazard to other traffic, pedestrians, or work-zone personnel. Deformations of, or intrusions into, 

the occupant compartment that could have caused serious injury were not observed, but it should 

be noted that formal occupant compartment measurements were not recorded. Vehicle roll, pitch, 

and yaw angular displacements were deemed acceptable because they did not adversely influence 

occupant risk nor cause rollover. Occupant risk values were within the MASH limits. Therefore, 

test no. NMB-1B indicated that the performance of the PSST dual mailbox support had the 

potential to be acceptable according to the MASH safety performance criteria for test designation 

no. 3-61. 
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• Test Agency .........................................................................................................MwRSF 

• Test Number ....................................................................................................... NMB-1A 

• Date ................................................................................................................. 03/21/2022 

• MASH 2016 Test Designation No. ................................................ 3-61 (Non-Compliant) 

• Test Article........................................................................ PSST Single Mailbox Support 

• Key Component – PSST Support 

Stub ..................................................................................... 2¼-in. × 12-gauge PSST 

Mast ........................................................................................ 2-in. × 14-gauge PSST 

Height to Bottom of Mailbox ............................................................................. 42 in. 

• Key Component – Mailbox 

Length ............................................................................................................... 21 in. 
Width ................................................................................................................ 9.3 in. 

Height ............................................................................................................. 11.3 in. 

Weight ............................................................................................................. 10.2 lb 
Model .................. Gibraltar Northpointe Post Mount Mailbox (Model #NM160V01) 

• Soil Type ......................................................... MASH Strong Soil (Well-Graded Gravel) 

• Vehicle Make /Model ..................................................................... 2014 Hyundai Accent 

Curb ............................................................................................................... 2,519 lb 

Test Inertial.................................................................................................... 2,471 lb 
Gross Static.................................................................................................... 2,471 lb 

• Impact Conditions 

Speed ........................................................................................................... 63.7 mph 

Angle ................................................................................................................ 0 deg. 

Impact Location ........................................................... Left ¼ Point of Front Bumper 

• Impact Severity/Kinetic Energy .......................... 335.2 kip-ft > 286.1 kip-ft MASH limit 

• Exit Conditions 

Speed ........................................................................................................... 61.2 mph 

Angle  ......................................................................................................... -1.47 deg. 

• Vehicle Stability ............................................................................................. Satisfactory 

• Vehicle Stopping Distance ......................................................................................... N/A 

• Vehicle Damage .................................................................................................. Minimal 

VDS [15]  ............................................................................................................ N/A 
CDC [16] ............................................................................................................. N/A 

Maximum Interior Deformation .......................................................................... N/A 

 

 
 

 

 
 

 

 
 

 

 
 

• Test Article Damage .......................................................................................... Extensive 

• Transducer Data 

Evaluation Criteria 

Transducer 
MASH 2016 

Limits 
SLICE-1 
(primary) 

SLICE-2 

OIV 

ft/s  

Longitudinal -3.69 -3.63 ±40 

Lateral 0.46 0.52 ±40 

ORA 

g’s 

Longitudinal N/A N/A ±20.49 

Lateral N/A N/A ±20.49 

Maximum 
Angular 

Displacement 

deg. 

Roll 1.05 1.30 ±75 

Pitch -0.64 -0.90 ±75 

Yaw -1.47 -1.58 not required 

THIV – ft/s 0 0 not required 

PHD – g’s N/A N/A not required 

ASI 0.20 0.26 not required 

 

 

Figure 57. Summary of Test Results and Sequential Photographs, Test No. NMB-1A 

0.000 sec 

 
0.030 sec 0.060 sec 0.090 sec 0.120 sec 
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• Test Agency .........................................................................................................MwRSF 

• Test Number ....................................................................................................... NMB-1B 

• Date ................................................................................................................. 03/21/2022 

• MASH 2016 Test Designation No. ................................................ 3-61 (Non-Compliant) 

• Test Article........................................................................... PSST Dual Mailbox Support 

• Key Component – PSST Support 

Stub ..................................................................................... 2¼-in. × 12-gauge PSST 
Mast ........................................................................................ 2-in. × 14-gauge PSST 

Height to Bottom of Mailbox ............................................................................. 42 in. 

• Key Component – Mailbox 

Length ............................................................................................................ 20.1 in. 

Width ................................................................................................................ 6.9 in. 
Height ............................................................................................................... 8.9 in. 

Weight ............................................................................................................... 4.6 lb 

Model ............................... Gibraltar Elite Post Mount Mailbox (Model #E1100B00) 

• Soil Type ......................................................... MASH Strong Soil (Well-Graded Gravel) 

• Vehicle Make /Model ..................................................................... 2014 Hyundai Accent 

Curb ............................................................................................................... 2,519 lb 

Test Inertial.................................................................................................... 2,471 lb 

Gross Static.................................................................................................... 2,471 lb 

• Impact Conditions 

Speed ........................................................................................................... 61.1 mph 
Angle .............................................................................................................. 10 deg. 

Impact Location ......................................................... Right ¼ Point of Front Bumper 

• Impact Severity/Kinetic Energy .......................... 308.4 kip-ft > 286.1 kip-ft MASH limit 

• Exit Conditions 

Speed ........................................................................................................... 59.0 mph 
Angle  ............................................................................................................ 4.6 deg. 

• Vehicle Stability ............................................................................................. Satsifactory 

• Vehicle Stopping Distance ......................................................................................... N/A 

• Vehicle Damage .................................................................................................. Minimal 

VDS [15]  ............................................................................................................ N/A 

CDC [16] ............................................................................................................. N/A 

Maximum Interior Deformation .......................................................................... N/A 

 

 
 

 

 
 

 

 
 

 

 
 

 

• Test Article Damage .......................................................................................... Extensive 

• Transducer Data 

Evaluation Criteria 

Transducer 
MASH 2016 

Limits 
SLICE-1 

(primary) 
SLICE-2 

OIV 
ft/s  

Longitudinal -3.12 -3.09 ±40 

Lateral 0.52 0.15 ±40 

ORA 

g’s 

Longitudinal N/A N/A ±20.49 

Lateral N/A N/A ±20.49 

Maximum 

Angular 

Displacement 
deg. 

Roll -2.10 -2.64 ±75 

Pitch -1.14 -1.23 ±75 

Yaw 4.58 4.53 not required 

THIV – ft/s 0 0 not required 

PHD – g’s N/A N/A not required 

ASI 0.15 0.15 not required 

 

Figure 58. Summary of Test Results and Sequential Photographs, Test No. NMB-1B 

0.000 sec 

 

0.030 sec 0.060 sec 0.090 sec 0.120 sec 
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8 ADDITIONAL TEST ANALYSIS AND DISCUSSION 

Following test no. NMB-1, the researchers reviewed the test results in detail and noted the 

following observations. 

1. Both PSST single and dual mailbox support prototypes demonstrated the potential 

to meet MASH TL-3 test designation no. 3-61 safety requirements as occupant risk 

values were within limits and no occupant compartment violations were observed. 

It should be noted that these tests were run with a non-compliant, surrogate 1100C 

vehicle, and not all standard MASH full-scale test procedures and documentation 

were conducted during the test. As such, test nos. NMB-1A and NMB-1B were not 

considered compliant MASH tests. However, the performance of the mailbox 

supports evaluated in these tests is potentially indicative of their performance in a 

MASH compliant test designation no. 3-61 scenario.  

2. Different behaviors were observed with respect to the release of the PSST support 

post from the embedded stub in the two mailbox configurations. In test no. NMB-

1A, which consisted of the single mailbox support impacted at a 0-degree angle, 

the corner bolt connecting the support post and stub failed and the support post 

pulled out of the stub. In test no. NMB-1B, which consisted of the dual mailbox 

support impacted at a 10-degree angle, the corner bolt did not fail, the support post 

did not release from the stub, and partial fracture of the PSST was observed. The 

difference in the behaviors may potentially be related to a combination of 

differences in the impact angle, mount configuration, and mailbox masses of the 

two impacts. 

3. Critical impact angle (CIA) variation between the two tests may have contributed 

to different behaviors as noted previously. However, the testing was not conclusive 

as to which impact angle was more critical due to differences in mailbox and mount 

configurations. As such, further testing may be needed to better define the CIA for 

test designation no. 3-61. This would suggest that repeat testing of the same 

mailbox configurations with opposing impact angles could provide insight on 

which angle is more critical. It might also be worthwhile to consider CIA values up 

to the 25-degree maximum value allowed in MASH.  

4. Review of the mailbox attachment to the supports in the testing suggested that both 

mounts were at or near the limit of mailbox retention as both mounts partially or 

completely released the mailboxes. This would suggest that use of heavier 

mailboxes with either mount may degrade performance and increase the potential 

for mailbox release and subsequent contact with the windshield. The ¼-in. 

diameter, SAE Grade 5 hardware used to attach the mailboxes to the mounts 

appeared to have sufficient capacity. However, other elements of the mailbox 

attachment proved to be weak points. The base of the mailbox failed in the single 

mailbox configuration and the spade bolts failed on the dual mailbox configuration.  

The researchers also determined potential configurations for the four remaining dynamic 

component tests available in the project to meet the research objective. The following options were 

presented to NDOT. 
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1. To better determine a more accurate CIA for the PSST mailbox supports, the test 

nos. NMB-1A and NMB-1B mailbox configurations could be retested with the 

opposite 0- and 10-degree impact angles. This would provide a direct comparison 

of which CIA provides a more critical behavior for the mailbox supports. 

2. NDOT also potentially desired testing of the TAPCO single mailbox mount. This 

could be conducted at one or both CIA values depending on the order of the 

preferred dynamic component testing. 

3. The non-proprietary, single mailbox mounting bracket was only tested with 

mounting bolts through the base of the mailbox. If desired, dynamic component 

testing could be conducted on the single mailbox mounting bracket with a side 

flange mounted mailbox similar to the one used in test no. NBM-1B. Mailbox mass 

could be increased to match the 10 lb mailbox used in test no. NMB-1A.  

4. Finally, 25-degree CIA values could be investigated to better bracket the range of 

potential mailbox support performance for the range of MASH CIA values and aid 

in determining appropriate CIAs for full-scale testing in Phase II of the research. 

The research team presented the test results and potential options to the NDOT Technical 

Advisory Council (TAC) for feedback. NDOT TAC members suggested that the results of the first 

crash tests were sufficient for them to make internal decisions regarding the use of the mailbox 

mounts. As such, NDOT has elected to halt the project tasks and requested that the researchers 

complete the project by compiling a summary report of the effort. 
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9 SUMMARY AND CONCLUSIONS 

A research effort was undertaken to develop a design for a MASH TL-3 compliant PSST 

mailbox support and evaluate the potential performance of that design through dynamic 

component testing. Full-scale testing of the PSST mailbox support was planned for future research 

if the performance of the prototype mailbox support was promising.  

The research team conducted a review of previous mailbox support and PSST sign crash 

testing for insight into the new mailbox design. Review of NDOT mailbox support rules and 

available mailboxes and attachment hardware was also performed to aid in development of design 

criteria for the PSST mailbox support.  

The design effort began with review of a preliminary PSST mailbox support design 

proposed by NDOT. Mailbox design criteria were established for the new design relative to the 

mailbox mass, the types of mounting brackets considered, the size and capacity of the mounting 

hardware, and the mailbox mounting height. The design was focused on PSST mailbox support 

for mailboxes weighing 10 lb or less that could accommodate single or dual mailboxes. A simple, 

non-proprietary plate mount was preferred for the single mailbox support, while both non-

proprietary and commercial mounts were considered for the dual mailbox support. Design 

concepts for the single and dual mailbox supports were developed. A PSST mailbox support was 

developed that used a 2¼-in. × 12-gauge embedded stub and a 2¼-in. × 14-gauge support post. 

The single mailbox mount consisted of a simple bent plate with multiple mailbox mounting holes 

welded to a tube socket that attached to the top of the PSST support post. The dual mailbox mount 

design chosen was a commercial TAPCO mounting system with minor modifications for 

attachment to the PSST support post.  

To evaluate the performance of the prototype mailbox support systems, dynamic 

component testing with a non-compliant 1100C vehicle under impact conditions similar to MASH 

test designation no. 3-61 was conducted. Testing with a non-compliant, surrogate MASH vehicle 

allowed the mailboxes to be more effectively evaluated than a standard sled test because the 

surrogate vehicle would provide more accurate impact performance and insight regarding the 

potential for windshield damage and occupant compartment penetration risks. 

Test no. NMB-1 was performed as a dynamic component test to explore the performance 

of two prototype PSST mailbox supports. The test was conducted using a surrogate, non-

compliant, MASH 1100C vehicle that impacted two mailbox supports in a single vehicle pass. The 

first mailbox support impact (single mailbox support) was identified as test no. NMB-1A, and the 

second mailbox support impact (dual mailbox support) was identified as test no. NMB-1B. 

In test no. NMB-1A, the 2,471-lb small car impacted the single mailbox support at a speed 

of 63.7 mph and an angle of 0 degrees with a ¼ offset toward the left side of the vehicle. The PSST 

mailbox support wrapped around the front of the vehicle and released near the ground line. The 

mailbox was retained on the support while it was in contact with the vehicle. Vehicle damage was 

minimal and no contact or damage to the vehicle windshield was noted. Occupant risk measures 

were all within suggested MASH limits.  

In test no. NMB-1B, the 2,471-lb small car impacted the dual mailbox support at a speed 

of 61.1 mph and an angle of 10 degrees with a ¼ offset toward the right side of the vehicle. The 
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PSST support post wrapped around the front of the vehicle which pulled the mailbox down toward 

the hood. The PSST did not separate from the embedded stub in this impact, but partial fracture of 

the PSST post was noted near the stub socket. The impact released the mailboxes and TAPCO 

mounting bracket from the PSST, and the mailbox and mounting bracket were propelled up and to 

the side of the 1100C vehicle with little to no relative velocity toward the windshield. No contact 

with the windshield or deformation or penetration of the occupant compartment were observed 

due to contact with the mailbox, and occupant risk measures were all within suggested MASH 

limits. 

Following the dynamic component testing, it was noted that the performance of both PSST 

mailbox supports was acceptable in terms of the potential for occupant risk or occupant 

compartment violations. Thus, while these tests were not considered MASH compliant, the 

performance of the mailbox supports in these tests is potentially indicative of their performance 

under MASH test designation no. 3-61. Review of the test results suggested that the loading of the 

mailbox attachment to the PSST support was close to or exceeded the attachment capacity in both 

tests. As such, it was not recommended to use the PSST mailbox support with mailboxes heavier 

than those used in test no. NMB-1 without further investigation. It was also noted that further 

dynamic component testing would be worthwhile to further investigate the PSST mailbox support 

under other CIA values and/or using different mailbox mounting configurations. NDOT TAC 

members were satisfied with the performance of the PSST mailbox supports in test no. NMB-1, 

and no further testing was performed on the PSST mailbox support.  
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Appendix A. Commercially Available Mailbox Hardware 
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Potential NDOT Mailbox Options  

NDOT draft rule denotes that they typically use “lightweight,” “large” standard mailboxes with 

dimensions in the 11” high x 14” wide x 25” maximum. Only post mounted options were 

collected. 

NDOT Draft Rule ➔ 003.02a Mailbox: The dimensions of the Mailbox 

Receptacle should be no greater than the following: width - 11 in.; height - 14 in.; 

and depth - 25 in. If the Mailbox Receptacle includes an integrated newspaper 

delivery box, the same dimensions apply except the height of the combined box 

should be no greater than approximately 25 in. 

Note: 

- Plastic mailboxes were not considered due to low weight. 

- Mailboxes have both bolt through base and side mounted options. Based on TTI testing. 

May need both for retention. Maybe try only base mounting due to mailbox size, but that 

is only four ¼” or 5/16” bolts maximum for these boxes… 

- Dual mount plates available with similar mounting, but bent edges.  

Mailboxes 

1. Salsbury Heavy Duty Rural Mailbox 

a. https://www.mailboxes.com/heavy-duty-rural-mailbox-beige/ 

b. 7.5" W x 9.5" H x 20.5" D 

c. 15 lb – 20 lb depending on options 

d. Aluminum 

e.  
2. Salsbury Townhouse Mailbox - Post Style 

a. https://www.mailboxes.com/townhouse-mailbox-post-style/ 

b. 8.5" W x 8.75" H x 21" D 

c. 25 lb 

d. Aluminum 

https://www.mailboxes.com/heavy-duty-rural-mailbox-beige/
https://www.mailboxes.com/townhouse-mailbox-post-style/
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e.  
3. Postal Pro - Manchester Premium Mailbox 

a. https://postalpromailboxes.com/product/the-manchester-premium-mailbox/ 

b. 22 1/2” x 9 1/2” x 10 3/4” 

c. 10 lb 

d. Heavy Duty Steel / Cast Aluminum Construction 

e.  
4. Postal Pro – Carlton 

a. https://postalpromailboxes.com/product/the-carlton/ 

b. 21″ D x 7 3/4″ W x 9 1/2″ H 

c. 9.2 lb 

d. Heavy Duty Steel Construction 

e.  
5. Postal Pro - Carlton Two Door Mailbox 

a. https://postalpromailboxes.com/product/the-carlton-two-door/ 

b. 24″ D x 8 1/4″ W x 12″ H 

c. 10 lb 

https://postalpromailboxes.com/product/the-manchester-premium-mailbox/
https://postalpromailboxes.com/product/the-carlton/
https://postalpromailboxes.com/product/the-carlton-two-door/
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d. Heavy Duty Steel Construction 

e.  
6. Architectural Mailboxes - Sequoia Black Heavy Duty Post Mount Mailbox 

a. https://www.homedepot.com/p/Architectural-Mailboxes-Sequoia-Black-Heavy-

Duty-Post-Mount-Mailbox-5560B-R-10/300118167 

b. 8.1 in. W x 9.7 in. x H x 20.7 in. D 

c. Weight – 14.14 lb 

d. Steel 

e.  

f.  
7. Architectural Mailboxes Standard Metal Black Post Mount Mailbox 

a. https://www.architecturalmailboxes.com/product/the-cambridge/ 

https://www.homedepot.com/p/Architectural-Mailboxes-Sequoia-Black-Heavy-Duty-Post-Mount-Mailbox-5560B-R-10/300118167
https://www.homedepot.com/p/Architectural-Mailboxes-Sequoia-Black-Heavy-Duty-Post-Mount-Mailbox-5560B-R-10/300118167
https://www.architecturalmailboxes.com/product/the-cambridge/
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b. 8.9 in. W x 6.8 in. x H x 21 in. D 

c. Weight – 4.62 lb 

d. Steel 

e.  

f.  
8. Gibraltar - EDWARDS POST MOUNT MAILBOX 

a. https://www.gibraltarmailboxes.com/all-products/edwards-post-mount-mailbox-

black/ 

b. 10.9" H x 8.7" W x 22.4" D 

c. 8.6 lb 

d. Steel 

https://www.gibraltarmailboxes.com/all-products/edwards-post-mount-mailbox-black/
https://www.gibraltarmailboxes.com/all-products/edwards-post-mount-mailbox-black/
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e.  
9. Gibraltar - BRUNSWICK POST MOUNT MAILBOX 

a. https://www.gibraltarmailboxes.com/all-products/brunswick-post-mount-mailbox-

black-wbrushed-nickel/ 

b. 10.8" H x 8.9" W x 23" D 

c. 9 lb 

d. Steel 

e.  
10. Gibraltar - ARLINGTON POST MOUNT MAILBOX 

a. https://www.gibraltarmailboxes.com/all-products/arlington-post-mount-mailbox-

bronze/ 

b. 11" H x 9.5" W x 22.9" D 

c. 9 lb 

d. Steel 

e.  
11. Gibraltar - ELITE LARGE POST MOUNT MAILBOX 

https://www.gibraltarmailboxes.com/all-products/brunswick-post-mount-mailbox-black-wbrushed-nickel/
https://www.gibraltarmailboxes.com/all-products/brunswick-post-mount-mailbox-black-wbrushed-nickel/
https://www.gibraltarmailboxes.com/all-products/arlington-post-mount-mailbox-bronze/
https://www.gibraltarmailboxes.com/all-products/arlington-post-mount-mailbox-bronze/
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a. https://www.gibraltarmailboxes.com/all-products/elite-large-post-mount-mailbox-

black/ 

b. 10.9" H x 8.7" W x 22.6" D 

c. 7 lb 

d. Steel 

e.  
12. Gibraltar - IRONSIDE POST MOUNT MAILBOX 

a. https://www.gibraltarmailboxes.com/all-products/ironside-black-post-mount-

mailbox-non-post-master/ 

b. 9.6" H x 7.8" W x 20.3" D 

c. 17 lb 

d. Steel 

e.  
13. Gibraltar - NORTHPOINTE POST MOUNT MAILBOX 

a. https://www.gibraltarmailboxes.com/all-products/northpointe-post-mount-

mailbox/ 

b. 11.3" H x 9.3" W x 21.8" D 

c. 10.2 lb 

d. Steel 

https://www.gibraltarmailboxes.com/all-products/elite-large-post-mount-mailbox-black/
https://www.gibraltarmailboxes.com/all-products/elite-large-post-mount-mailbox-black/
https://www.gibraltarmailboxes.com/all-products/ironside-black-post-mount-mailbox-non-post-master/
https://www.gibraltarmailboxes.com/all-products/ironside-black-post-mount-mailbox-non-post-master/
https://www.gibraltarmailboxes.com/all-products/northpointe-post-mount-mailbox/
https://www.gibraltarmailboxes.com/all-products/northpointe-post-mount-mailbox/
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e.  

f.  
14. Gibraltar - OUTBACK DOUBLE DOOR POST MOUNT MAILBOX 

a. https://www.gibraltarmailboxes.com/all-products/outback-double-door-post-

mount-mailbox-black/ 

b. 10.6" H x 8.5" W x 23.7" D 

c. 10 lb 

d. Steel 

e.  
15. Gibraltar - ADMIRAL LARGE POST MOUNT MAILBOX 

a. https://www.gibraltarmailboxes.com/all-products/admiral-large-post-mount-

aluminum-mailbox-black/ 

b. 11.4" H x 8.7" W 23.1" D 

https://www.gibraltarmailboxes.com/all-products/outback-double-door-post-mount-mailbox-black/
https://www.gibraltarmailboxes.com/all-products/outback-double-door-post-mount-mailbox-black/
https://www.gibraltarmailboxes.com/all-products/admiral-large-post-mount-aluminum-mailbox-black/
https://www.gibraltarmailboxes.com/all-products/admiral-large-post-mount-aluminum-mailbox-black/
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c. 4.2 lb 

d. Aluminum 

e.  

 

Mounting Brackets 

1. 4 in. x 4 in. Post Adapter in Black with 3 Mailbox Mounting Options 

a. https://www.homedepot.com/p/Architectural-Mailboxes-4-in-x-4-in-Post-

Adapter-in-Black-with-3-Mailbox-Mounting-Options-7540B-10/206604883  

b.  

c.  

https://www.homedepot.com/p/Architectural-Mailboxes-4-in-x-4-in-Post-Adapter-in-Black-with-3-Mailbox-Mounting-Options-7540B-10/206604883
https://www.homedepot.com/p/Architectural-Mailboxes-4-in-x-4-in-Post-Adapter-in-Black-with-3-Mailbox-Mounting-Options-7540B-10/206604883
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2. Gibraltar Mailboxes Black Mailbox Mounting Board 

a. https://www.lowes.com/pd/Gibraltar-Mailboxes-Steel-Mailbox-Mounting-

Board/1000098418 

b.   
3. SALSBURY INDUSTRIES Black Mailbox Mounting Board 

a. https://www.lowes.com/pd/SALSBURY-INDUSTRIES-Vented-Metal-Locker-

Five-Tier-Box-Style-1-Wide-5-ft-High-15-in-Deep-Gray-

Unassembled/5001228907 

b.  

Newspaper Holders 

1. Salsbury Newspaper Holder - for Designer Roadside Mailbox 

a. https://www.mailboxes.com/newspaper-holder-for-designer-roadside-mailbox-

nickel/ 

b. 10.25" W x 5" H x 12.25" D 

c. 10 lb 

https://www.lowes.com/pd/Gibraltar-Mailboxes-Steel-Mailbox-Mounting-Board/1000098418
https://www.lowes.com/pd/Gibraltar-Mailboxes-Steel-Mailbox-Mounting-Board/1000098418
https://www.lowes.com/pd/SALSBURY-INDUSTRIES-Vented-Metal-Locker-Five-Tier-Box-Style-1-Wide-5-ft-High-15-in-Deep-Gray-Unassembled/5001228907
https://www.lowes.com/pd/SALSBURY-INDUSTRIES-Vented-Metal-Locker-Five-Tier-Box-Style-1-Wide-5-ft-High-15-in-Deep-Gray-Unassembled/5001228907
https://www.lowes.com/pd/SALSBURY-INDUSTRIES-Vented-Metal-Locker-Five-Tier-Box-Style-1-Wide-5-ft-High-15-in-Deep-Gray-Unassembled/5001228907
https://www.mailboxes.com/newspaper-holder-for-designer-roadside-mailbox-nickel/
https://www.mailboxes.com/newspaper-holder-for-designer-roadside-mailbox-nickel/
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d.  
2. Salsbury Newspaper Holder - for Antique Rural Mailbox 

a. https://www.mailboxes.com/newspaper-holder-for-antique-rural-mailbox/ 

b. 7.25" W x 4.5" H x 16" D 

c. 10 lb 

d.  
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Appendix B. Material Certifications 
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Table B-1. Bill of Materials, NMB-1  

Item  

No. 
Description Material Specification Reference 

a1 
Telespar PSST 2¼” x 2¼” x 

12-gauge x 36” length 
ATSM A1011 Grade 50 

H#CA1613 

H#A96446 

a2 
Telespar PSST 2” x 2” x 14-

gauge x 4315/16” length 
ATSM A1011 Grade 50 H#A89465 

a3 
2¼” x 2¼” x 14-gauge square 

tube 

ASTM A513/ ASTN A500 

Grade 50 
H#126631 

a4 
PSST Mailbox Support 

Mounting Plate 
ASTM A572 Grade 50 H#126631 

a5 
Gibraltar Northpointe Post 

Mount Mailbox 
Galvanized Steel Sku#2156933 

b1 
5/16” – 18 Corner Bolt for 2 

¼” PSST 
SAE Grade 2 H#NF13103861 

b2 ¼” – 20 UNC x 1” Hex Bolt SAE Grade 2 

COC 

P#1111005 

C#220035874 

b3 ¼” – 20 UNC x 1” Hex Bolt SAE J995 Grade 5 
H#100105505 

H#100208087 

c1 5/16” – 18 Heavy Hex Jam Nut SAE Grade 2 R#22-129 

c2 ¼” – 20 UNC Hex Nut SAE Grade 2 

COC, Grainger 

Item#2FE47 

R#22-127 

c3 ¼” – 20 UNC Hex Nut SAE J995 Grade 5 

COC 

P#2136302 

C#240088006 

d1 
¼” Diameter Plain Round 

Washer 
SAE Grade 2 

COC 

P#2133078 

C#136865 

d2 
¼” Diameter Plain Round 

Washer 
SAE Grade 5 

H#1HT27 

L#6B2C2FN95 
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 Telespar PSST 2¼-in. × 2¼-in. × 12-gauge × 36-in. Length, Test No. NMB-1 (Item No. a1) 
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 Telespar PSST 2-in. × 2-in. × 14-gauge × 4315/16-in. Length, Test No. NMB-1 (Item No. a2) 
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 PSST Mailbox Support Mounting Plate, Test No. NMB-1 (Item Nos. a3 and a4) 
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 Gibraltar Northpointe Post Mount Mailbox, Test No. NMB-1 (Item No. a5) 
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 ¼-in.– 20 UNC × 1-in. Hex Bolt, Test No. NMB-1 (Item No. b1) 
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 ¼-in.– 20 UNC × 1-in. Hex Bolt, Test No. NMB-1 (Item No. b2) 
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 ¼-in.– 20 UNC × 1-in. Hex Bolt, Test No. NMB-1 (Item No. b3) 
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 5/16-in.– 18 Heavy Hex Jam Nut, Test No. NMB-1 (Item No. b3) 
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 5/16-in.– 18 Heavy Hex Jam Nut, Test No. NMB-1 (Item No. c1) 
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 ¼-in.– 20 UNC Hex Nut, Test No. NMB-1 (Item No. c2) 
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 ¼-in.– 20 UNC Hex Nut, Test No. NMB-1 (Item No. c3) 
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 ¼-in. Diameter Plain Round Washer, Test No. NMB-1 (Item No. d1) 
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 ¼-in. Diameter Plain Round Washer, Test No. NMB-1 (Item No. d2)
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Appendix C. Vehicle Center of Gravity Determination 
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 Vehicle Mass Distribution, Test No. NMB-1 
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 Vehicle Mass Distribution, Test No. NMB-1 
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Appendix D. Accelerometer and Rate Transducer Data Plots, Test No. NMB-1
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 10-ms Average Longitudinal Deceleration (SLICE-1), Test No. NMB-1A 

 

 Longitudinal Occupant Impact Velocity (SLICE-1), Test No. NMB-1A 
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 Longitudinal Occupant Displacement (SLICE-1), Test No. NMB-1A 

 

 10-ms Average Lateral Deceleration (SLICE-1), Test No. NMB-1A 
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 Lateral Occupant Impact Velocity (SLICE-1), Test No. NMB-1A 

 

 Lateral Occupant Displacement (SLICE-1), Test No. NMB-1A 
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 Vehicle Angular Displacements (SLICE-1), Test No. NMB-1 A 

 

 Acceleration Severity Index (SLICE-1), Test No. NMB-1A 

Yaw 

Pitch 

Roll 
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 10-ms Average Longitudinal Deceleration (SLICE-2), Test No. NMB-1A 

 

 Longitudinal Occupant Impact Velocity (SLICE-2), Test No. NMB-1A 
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 Longitudinal Occupant Displacement (SLICE-2), Test No. NMB-1A 

 

 10-ms Average Lateral Deceleration (SLICE-2), Test No. NMB-1A 
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 Lateral Occupant Impact Velocity (SLICE-2), Test No. NMB-1A 

 

 Lateral Occupant Displacement (SLICE-2), Test No. NMB-1A 
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 Vehicle Angular Displacements (SLICE-2), Test No. NMB-1A 

 

 Acceleration Severity Index (SLICE-2), Test No. NMB-1A 

Yaw 

Roll 

Pitch 
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 10-ms Average Longitudinal Acceleration (SLICE-1), Test No. NMB-1B 

 

 Longitudinal Occupant Impact Velocity (SLICE-1), Test No. NMB-1B 
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 Longitudinal Occupant Displacement (SLICE-1), Test No. NMB-1B 

 

 10-ms Average Lateral Deceleration (SLICE-1), Test No. NMB-1B 
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 Lateral Occupant Impact Velocity (SLICE-1), Test No. NMB-1B 

 

 Lateral Occupant Displacement (SLICE-1), Test No. NMB-1B 
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 Vehicle Angular Displacements (SLICE-1), Test No. NMB-1B 

 

 Acceleration Severity Index (SLICE-1), Test No. NMB-1B 

Yaw 

Roll 

Pitch 
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 10-ms Average Longitudinal Deceleration (SLICE-2), Test No. NMB-1B 

 

 Longitudinal Occupant Impact Velocity (SLICE-2), Test No. NMB-1B 
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 Longitudinal Occupant Displacement (SLICE-2), Test No. NMB-1B 

 

 10-ms Average Lateral Deceleration (SLICE-2), Test No. NMB-1B 
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 Lateral Occupant Impact Velocity (SLICE-2), Test No. NMB-1B 

 

 Lateral Occupant Displacement (SLICE-2), Test No. NMB-1B 
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 Vehicle Angular Displacements (SLICE-2), Test No. NMB-1B 

 

 Acceleration Severity Index (SLICE-2), Test No. NMB-1B 

Yaw 

Roll 

Pitch 
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