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ABSTRACT 

The Nebraska Department of Roads, in conjunction with the 

Federal Highway Administration, have developed a new mailbox 

support system which could be used to accommodate a wide range of 

mailbox sizes. To be considered a safe appurtenance, the system 

had to be subjected to full-scale crash tests, as provided by 

"Recommended Procedures for the Safety Performance Evaluation of 

Highway Appurtenances," National Cooperative Highway Research 

Program Report 230, Transportation Research Board, March, 1981. 

The major concern was to find whether the support system would 

keep the mailbox attached to the post, not allowing for detached 

elements to penetrate the passenger compartment. 

Four full-scale crash tests were conducted with an 1800-lb 

vehicle. Two tests, with the ~ost embedded in weak soil, were 

performed at 20 mph and 60 mph, respectively. Two tests, with 

the post embedded in strong soil, were conducted at 20 mph and 60 

mph, respectively. Three of the tests used a mailbox support 

system which held two mailboxes (size 1-A). One test used a 

system which supported one mailbox (size 2). 

After analyzing the results of the crash tests, it was 

evident that all of the performance criteria had been met. The 

major criteria evaluated were: change in velocity, maximum 0.010 

sec average deceleration, whether the mailbox support system kept 

the mailbox attached to post, and whether the vehicle remained 

stable and upright during and after the stages of impact. 
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INTRODUCTION 

Recent federal requirements have made it mandatory, that 

safe mailbox support systems be designed to yield or breakaway 

if struck by a vehicle. The Nebraska Department of Roads ( NDOR ), 

in cooperation with the Federal Highway Administration (FHWA), 

have developed a bracket for attaching the mailbox to the support 

post. The mounting bracket system, which attached the mailbox to 

the post, was designed so that it was adaptable to fit a wide 

r a nge of mailbox sizes. In o rder to certify that the new 

attaching bracket was effective, it had to meet the criteria, as 

given by the National Cooperative Highway Research Program 

( NCHRP) , for conducting full-scale crash tests ( ~ ) . If it met 

those criteria, it could then be considered a safe mailbox 

support system and then become installed on the federal, 

and l ocal highway systems. 

state, 

It was decided that two mailbox support systems were to be 

tested. The . systems were to be mounted to the Franklin Steel 

eze-erect sign posts, which had already been subjected to crash 

tests in the past ( 2 )( ~). Thus, it was known that the post 

itself had already met the criteria presented by recommended 

procedures ( ~ ) . But now the major concern was whether the 

mailbox would remain attached to the post. The second concern 

was whether the mailbox o r detached fragments would penetrate o r 

show potential for penetrating the passenger compartment o r 

present undue hazard to other traffic. 

1 



FULL-SCALE CRASH TEST DETAILS 

~ DESCRIPTION 

Four full-scale crash tests were conducted on mailbox 

supports shown in Figures 1 and 2. Three of the tests used two 

mailboxes (size l-A) mounted side by side. The fourth test used 

one mailbox (size 2) mounted to the post. Table 1 contains a 

summary of the test conditions. 

Tests 1 and 2 were conducted in weak soil ( S-2 ) and strong 

soil (S- l), respectively, at approximately 20 mph with the point 

of impact being at the quarter point of the bumper. Tests 3 and 

4 were conducted in weak soil (S-2) and in strong soil (S- l), 

respectively, at approximately 60 mph with the impact point being 

at the center of the bumper. 

According to the recommended test procedures, a weak soil 

(S-2) may be appropriate for breakaway/ yielding supports. 

However, due to the variation of soil properties in Nebraska, it 

was decided that the strong soil (S-l) also be used for the crash 

tests. The strong soi l consisted of a well-graded, crushed 

limestone, and the weak soil consisted of a fine aggregate 

meeting the requirements (ASTM C33-78). Two 10-feet long , 8-feet 

wide , by 5-feet deep pits were excavated and filled with strong 

soil (S-l ) and weak soil (S-2), respectively. 

The soil properties and compaction procedures at the test 

site met the guidelines given in the recommended procedures by 

NCHRP 230 (~). The strong and weak soils were placed and 

compacted in 6 to 12 in. layers usi~g a hydraulic, vibrating 

2 
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TABLE 1. SUMMARY OF TEST CONDITIONS 

TEST VEHICLE TARGET SOIL MAILBOX POST POST POINT OF TARGET 
NO. TYPE SPEED TYPE DESIGN EHBEDHENT SIZE IHPACT IHPACT 

(lbs) (mph) Ibs/ft SEVERITY 
DF.PTH HETHOD (ft~kips) 

(in) 

1 1800 20 Weak (S- 2) I-Post 37 Driven 2.0 14" to 24- 3 ,+3 

2-Hailboxes 
Right of 

(size I - A) 
Center 

.- ---- -_._------ --- -----

2 1800 20 S,trong (S-l) 1-Post 37 Driven 2.0 14" to 24- 3,+3 

2-Hailboxes 
Right of 

(size I-A) 
Center 

----- ._----- .. 

3 1800 60 Weak (S-2) I- Post 37 Driven 2.0 Center of 216- 21 ,+37 

2-Nailboxes 
Bumper 

(size I-A) 
--------- ._-_. - - .---- . -- .--------- -- -----

4 1800 60 Strong (S- I) I-Post 37 Driven 2.0 Center of 216- 21 ,+37 

I-Nailbox 
Bumper 

(size 2) 
-------'--. __ .•. - _ .. . __ ._---._- ----_.'------------"._- ___ ..... L-_ 



tamper with a flat plate mounted onto a backhoe, as shown in 

Figure 3. The strong soil was compacted to an average density of 

95% maximum dry density at an average moisture content of 10%. 

The results of the strong soil tests, conducted by Geotechnical 

Services, Inc., are presented in AppendixA . A Troxler Nuclear 

Density Gage, shown in Figure 4, was used to determine moisture 

content and compaction. 
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Figure 3. Photos Showing Placement of Strong Soil 
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IKSI FACILITY 

The test site facility is located at Lincoln Air-Park on the 

NW corner of the west apron of the Lincoln Municipal Airport. 

The test facility, shown in Figure 5, is approximately 7 mi. NW 

of the University of Nebraska-Lincoln. 

A reverse cable tow system, with a 1:2 mechanical advantage, 

was used to propel the test vehicle. Thus, the dis tance trave led 

and speed of the tow vehicle are one-half of that of the test 

vehicle. A sketch of the cable tow system is shown in Figure 6. 

The test vehicle was released from the tow cable approximately 6 

feet before impact with the mailbox system. Photos of the tow 

vehicle with attached fifth-wheel are shown in Figure 7. 

A vehicle guidance system, developed by Hinch (~), was used 

to steer the vehicle. Photos of the guidance system are also 

shown in Figure 7. The guide-flag, attached to the front-left 

wheel and guide cable, was sheared off approximately 6 feet 

before impact with the mailbox system. Photos of the sheared off 

guide-flag are shown in Figure 8. The 3/8 in. dia. guide cable, 

tensioned to 3,000 lbs., was supported laterally and vertically 

every 50 feet by stanchions. The hinged stanchions stood upright 

while holding up the guide cable. When the vehicle passed, the 

guide-flag struck each stanchion and knocked it to the ground. 

The vehicle guidance system was approximately 1,000 feet in 

length. 

9 
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T.E..S.I ARTICLE DETAILS 

Two mailbox support systems were tested . The parts that 

were used for the support system are shown in Figures 9 and 10 . 

The first mailbox support system was used to support 2 

mailboxes (size 1-A) which were 8 in. wide, 21 in. long, and 

10 1/2 in. tall. Under each mailbox there was a pair of platform 

plates, shown in Figure 9, which bolted to the bottom of each 

mailbox .. The two plates can be adjusted to fit any standard width 

mailbox. The two mailboxes, with the platform plates, wer~ 

mounted directly onto the adapter plate or shelf, shown in Figure 

9. Then two L-shaped brackets, shown in Figure 9, were used to 

attach the adapter plate or shelf to the U-shaped post. The 

double mailbox support system is shown in Figure 1 and the 

complete system is shown in Figure 11. 

The second mailbox support system was used to support one 

mailbox (size 2) which was 11 1/2 in. wide, 23 1/ 2 in . long, and 

13 1/2 in. tall. Under the mailbox there was a pair of 

adjustable platform plates, shown in Figure 9, which bolted to 

the bottom of the mailbox . The larger mailbox, with the platform 

plates, was mounted directly to the post, with a pair of L-shaped 

brackets. The brackets are shown in Figure 9. The single 

mailbox support system is shown in Figure 2 and the complete 

system is shown in Figure 12. 

The post system consisted of four main parts, the top post, 

the base post, the retainer strap, and the anti-twist plate. 

14 
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Figure ll . Phot os Of The Compl e t e Doubl e 
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With the exception of the anti-twist plate, the post system is 

shown in Figure 1. 

The top post was 42 in . long and had the cross-sectional 

dimensions and values as shown in Figure 13. 

The base post, which was embedded 37 In. into the soil, was 

also 42 in. long and had the same dimensions as the top post. 

The post embedment diagram is shown in Figure 14. 

The retainer strap, 17 in. long , was used to connect the two 

post sections together. The installation instructions for the 

Franklin Steel eze-erect sign posts are shown in Figure 15. The 

breakaway or slip feature is demonstrated in Figure 13. 

The anti-twist plate was made from a 1/8 in. sheet of 

galvanized sheet metal. It had the shape of a trapezoid with the 

following dimensions, top horizontal length, 12 in . , bottom 

horizontal length, 6 in ., and height , 6 in. It was bol ted to the 

base post so that it would be positioned below ground level. 

1ESI VEHICLE 

A 1979 Volkswagon Rabbit, weighing approximately 1840 Ib, 

was used as the crash test vehicle . Pictures of the test vehicle 

are shown in Figure 16. Vehicle dimensions are shown in Figure 

17 . 

The left and right front wheels of the test vehicle were set 

to a toe-in value of zero-zero to allow the vehicle to track 

properly along the guide cable. 
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Vehicle dimensions: 

I 
-,---------------A--------------~.-

-t-.---- H - -----I-- E--

1 
c 

j 
-.. .---- J -----

111-1391 

187- IJ81 

A - Length 
B - Width 
C - Height (unladen) 
o - Overhang, front 
E - Overhang. reaf 
F - Ramp angle, front 
a - Ramp angle, fear 
H - Wheelbase 
J Front track 

Reaf track 

155.31n/3945 mm 
83.4ln/1610 mm 
55.51n/1 410 mm 
32.71nl 830 mm 
27.21nl 693 mm 
24" 
22.5° 
94.5 In /2400 mm 
54.71n/ 139O mm 
53 .1 In/1350 mm 

K - Ground clearance 4.81nl 122 mm 

Measured at gross vehicle weight, except 
lIem C, which Is measured at unladen 
weight. 

Turning circle diameter - approximately 
31.5 fl /e.6 m curb to curb. 

Gross Vehicle Weight: 
Gross Axle I~eight: 

Gros s Axle I<leigh t : 

2822 lbs. 
1609 lbs. 
1278 lb s . 

Figure 17. Cras h Test Ve hicle Dimens ions 

(front) 
(rear) 



Two 8 in . square, black and white targets were placed on the 

test vehicle on 42 in. centers to aid with the analysis of the 

high-speed film. 

Two 5B flash - bulbs were mounted on the front hood of the 

test vehicle to record the time of impact with the mailbox on the 

high-speed film. The flash-bulbs were fired by a pressure or 

tape switch which was mounted to the front of the bumper. 

I2A.T.A ACQUISITION SYSTEMS 

Two piezoresistive accelerometers, (model 7264) with a range 

of 200 g ' s, were used to measure the accelerations in the 

longitudinal direction of the vehicle, The accelerometers were 

attached to metal blocks which were mounted to the front floor­

boards of both the left side (driver) and right side (passenger ) . 

Photos of the accelerometers mounted in the test vehicle are 

shown in Figure 18. The signals from the accelerometers were 

first sent to the Metraplex FM multiplexed data acquisition 

system (series 300), and then to the Honeywell 101 analog tape 

recorder for permanent storage, A flowchart of the accelerometer 

signals passing through the data acquisition system is shown in 

Figure 19. Photos of the system located in the test vehicle and 

the back of a station wagon are shown in Figure 20. The computer 

program used to analyze and plot the accelerometer data is given 

in Appendix B. 

Two cameras 

were high-speed 

frames/sec. The 

were used to record each test; both of which 

film cameras, running at approximately 500 

first camera, Locam, which used a wide angle 

2S 



Figure 18. Photos Of Mounted Accelerometers 
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Figure 19. Flowchart of Metraplex Data Acquisition System 
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Figure 20. Photos Of Data Acquisition System 
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lens, was placed approximately 80 feet perpendicular to the 

direction of the vehicle . The second camera, Photec IV, was also 

positioned perpendicular to the direction of the ve~icle . It was 

placed at approximately 137 feet. A schematic of the camera 

layout is shown in Figure 21. 

A 8-feet high by 16-feet long backboard, with a 2-feet line 

grid layout. was used as a reference system for analysis of the 

high-speed film. The moveable backboard was placed perpendicular 

at a distance of 13 feet from the centerline of the vehicle path. 

Following the tests, the film was analyzed using the 

Vanguard motion analyzer. 

Tape or pressure switches positioned along the length of the 

impact area, at 5 feet intervals, were activated by the v~hicle 

to indicate t he travel time over a known distance . Each switch 

would fire a blue 5B flash-bulb, which was mounted to the 

backboard, 

over it. 

as the right front tire of the test vehicle passed 

Thus, the number of film frames was counted between 

flashes and was used along with the film speed and tape switch 

spacing to calculate the test vehicle speed. This provided a 

quick check of the impact speed and also values for change in 

velocity. 
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PERFORMANCE STANDARDS 

Currently, there are no established 

performance criteria which directly deal with 

guidelines or 

full-scale crash 

tests on mailbox supports. However , a procedure guide by the 

American Association of State Highway and Transportation 

Officials (AASHTO) 

criteria: 

(~) provides three very useful general 

- The mailbox support details should prevent mailboxes fr om 

separating from the post if struck by a vehicle. 

Windshield penetration from the mailbox should be 

minimized . 

- Single or multiple mailbox installations. should not cause 

vehicle ramping or rollover as a result of a mailbox 

col lision. 

In addressing safety appurtenances, AASHTO requires all new 

roadside signs and luminaries on high speed highways, located 

within the suggested clear zone width , to be placed on breakaway 

supports unless they are located behind a barrier or crash 

cushion. Therefore, it was assumed that mailbox s uppor t systems 

should comply with the safety standards required for a breakaway 

or yielding device. Breakaway supports are all types of devices 

which are safely displaced under vehicle impact, whether the 

release mechanism is a slip plane, plastic hinges, 

elements, or a combination of these. 

fracture 

According to AASHTO, ., satisfactory dynamic performance is 

indicated when the maximum change in velocity for a standard 

31 



1800-pound (816.5kg) vehicle, or its equivalent, striking a 

breakaway support at speeds from 20 mph to 60 mph (29.33 fps to 

88 fps) (32 kmph to 97 kmph) does not exceed 15 fps (4 . 57 mps), 

but preferably does not exceed 10 fps (3.05 mps) or less." 

(Standard Specifications for Structural Supports for Highway 

Signs , Luminaries and Trafic Signals, 1985, AASHTO, Section 

1.7.2) (6.) . 

Other specifications require that detached elements, 

fragments, or other debris from the test article (mailbox 

assembly) shall not penetrate or show potential f or penetrating 

the occupant compartment or provide undue hazard to other 

traffic. Also, the vehicle shall remain upright during and after 

the mailbox crash test (~). 

The change in velocity, peak deceleration, maximum 10 ms 

average deceleration, and occupant displacement (free missile 

travel) were four types of data that were derived from t he 

accelerometer 

displacement 

readings. Change in velocity and occupant 

are both time dependent . Due to this time 

dependency, guidelines have been established to determine the 

"duration of the event" for computation. The duration of the 

event is defined as the lesser of the following: (1) time between 

incipient contact and loss of contact between vehicle and the 

yielding support, or (2) the time for a free missile to travel a 

distance of 24 inches starting from rest with the same magnitude 

of vehicle decelerations. (L). 

32 



The time between incipient contact and loss of · contact 

between vehicle and yielding support is not easily determined . 

By using the high-speed film, it was observed that contact 

between the vehicle and the support may take place over a long 

period of time if the vehicle moves over the mailbox . Therefo re, 

after reevaluation of the accelerometer graphs, it was decided 

that the duration of the event was the time between contact and 

when the acceleration returned to and remained at zero . This 

decision was made because deceleration cannot remain a t zero 

unless the vehicle r e ached a c onstant velocity o r has s topped . 

After the test, the damage was assessed by the traffic 

accident data scale (TAD) (a) and the vehicle damage index (VDI) 

Because test conditions are sometimes difficult t o control, 

a composite tolerance limit is presented . It is called the 

impact severity (IS). For structural adequacy, it is preferable 

for the actual impact severity to be greater than the target 

value rather than being below it. During low-speed tests, the 

goal is to determine the lower speed threshold for detaching the 

appurtenance. Then it is preferable to be on the low side of the 

target value . The IS target values for the 20 mph and 60 mph 

tests are 24- 3 ,+3 ft-kips and 216- 21 ,+37 ft-kips , r€spectively. 

(1 ) . 
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TESTS RESULTS 

In the following section, each test will be explained along 

with the individual results. Table 2 summarizes the results of 

the four tests. The accelerometer data was used for the 

calculation of change in velocity while the high-speed film was 

used as a backup system and check on the accelerometer results. 

The computer printout results for each test are shown in Appendix 

C . 

The results of Test 1 are shown in Table 3. Figure 22 shows 

the sequential photos taken from the high-speed film, and the 

corresponding time-event summary is given in Table 4. Upon 

impact, the post first wrapped around the bumper, and then the 

mailbox hit the front end of the hood. The car then continued to 

push the mailbox and post to the ground. While the car continued 

to move over the mailbox and post, the retainer strap held the 

top section of the post to the base post, which was not pulled 

out. Photos of the damage to the mailbox system are shown in 

Figure 23. A diagram of the base post position after impact is 

shown in Figure 24. 

Plots of deceleration, change in velocity, and occupant 

displacement versus time are shown in Figures 25 through 30. 

The vehicle received no damage with the exception of a small 

dent in the bumper as shown in Figure 31. The damage was 
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TABLE 3. SUMMARY OF RESULTS, ' TEST 1 

Impact Velocity = 20.5 mph 

Actual Impact Severity = 25.8 ft-kips 

MAILBOX SUPPORT I2ATA 

Mailbox 
Post Type 
Size 
Embedment Method 
Embedment Depth 

VEHICLE I2ATA 

Make 
Model 
Year 
Weight 
Impact Po'int 

ACCELEROMETER I2ATA 

Change in Velocity (ft/ sec) 
Duration of Event (sec ) ** 
Peak Deceleration (g ' s) 
Maximum 0.010 sec Average 

Deceleration (g ' s) 
Occupant Displacement (in) 

YEHICI,E DAMAGE CLASSIFICATION 

TAD 
VDI 

Did test article penetrate the the 
passenger compartment? 

Was windshield broken? 

*Franklin Steel eze-erect sign post 

**Time of Contact 

3 

2 boxes ( size 1-A) 
Steel U-post * 
2.00 lbs / ft 
Driven into Weak Soil (5-2) 
37 in. 

Volkswagon 
Rabbit 
1979 
1840 lbs. 
14 in. to right of center 

L..ell 

1.9 

8.2 

2 . 74 
1.30 

None 
12FCLN1 

0.082 

Right 

3.2 

22.6 

4.60 
2.10 

NO 

NO 

mholton
Typewritten Text
5



TABLE 2. SUMMARY OF TEST RESULTS. 

TEST ACTUAL IMPACT CHANGE IN PEAK HAXIHUH 0.010 SEC OCCUPANT ACTUAL 
NO. VEHICLE SPEED VELOCITY DECELERATIONS AVERAGE DECELERATION DISPLACEHENT IMPACT 

WEIGHT (mph) (left/right) (left/right) (left/right) (left/right) SEVERITY 
(lbs) (fps) (g's) (g ' s) (in) (ft- kips) 

1 1840 20.5 1.9/3.2 8 . 2/22 . 6 2.74/4.60 1. 30/2.10 25 . 8 

. -_ .. .. .... . -_ .... . - , - --_ .. __ ..... ... - -- -,._ .... .• . _. -.- . -_.-. -

2 1840 21. 3 2.7/3.3 7. 5/13.2 3.62/4.03 2.20/1.80 27.9 

.. -.-... _- ------- ._- .. -- -... -- --- ... . -_.- , _ .. - ....• .•.. , .. . _--... - ... . .. '- " ' - " ... . . .. . _ . 

3 1840 63 . 6 4 . 4/4.5* NA/NA** NA/NA** NA/NA** 248.6 

--- ---- .. -- -._-_ .. _---.- . . . . _- _ ... •... _-- . . . .. ---' -_ . -- . . __ ._-_ .. - - -_ ... '._-----_ .. ------ - ------ -

4 1840 64.5 2.7/1.1 21. 2/26 . 1 4 . 86/4.04 2. 10/0.50 255.7 

._- --- - -----_._ - - - ------------ '------

*From high-speed film analysis 

**Not available due to the breakage of the data cable 



TABLE 3. SUMMARY OF RESULTS, TEST 1 

Impact Velocity = 20.5 mph 

Actual Impact Severity = 25.8 ft-kips 

MAILBOX SUPPORT DATA 

Mailbox 
Post Type 
Size 
Embedment Method 
Embedment Depth 

VEHICLE DATA 

Make 
Model 
Year 
Weight 
Impact Point 

ACCELEROMETER DATA 

Change in Velocity (ft/sec) 
Duration of Event (sec) ** 
Peak Deceleration (g ' s) 
Maximum 0 .0 10 sec Average 

Deceleration (g' s) 
Occupant Displacement (in) 

VEHICLE DAMAGE CLASSIFICATION 

TAD 
VDI 

Did test article penetrate the the 
passenger compartment? 

Was windshield broken? 

*Franklin Steel eze-erect sign post 

**Time of Contact 

37 

2 boxes (size 1-A) 
Steel U-post * 
2.00 lbs / ft 
Driven into Weak Soil (S-2) 
37 in. 

Vo lkswagon 
Rabbit 
1979 
1840 lbs. 
14 in. to right of center 

L..e..f.:t. 

1.9 

8.2 

2.74 
1. 30 

None 
12FCLN1 

Right 

3.2 
0.082 

22.6 

4.60 
2.10 

NO 

NO 



0.000 sec 

0.018 sec 

0.095 sec 

Fi.gllre 22 . SeCluentLIL I'hot lls , 'i' l ' S t 
38 

0.006 sec 

0.050 sec 

O. 147 sec 



TABLE 4. TIME-EVENT SUMMARY FOR TEST 1. 

IlMK (sec) EVENT 

0.000 Impact 

0.006 Post begins bending 

0.018 Post wrapping around bumper 

0.050 Mailbox hits £ront end of hood 

0.095 Ma ilbox and post being pushed ove r 

0. 147 First mailbox hits ground 
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Figure 3 1. Damages To Test Vehicle, Test 1 
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A summary of the results of Test 2 is given in Table 5. Th e 

sequential photos taken from the high-speed film are shown in 

Figure 32. Table 6 gives t he time-event summary. Upon impact, 

the post began to wrap around the bumper, and then the mailbox 

hit the front end of the hood. As the car continued to travel 

over the mailbox assembly, the top section of the post broke away 

from the base post, which remained in the ground. This 

demonstrated the breakaway or slip feature. Photos of the damage 

to t he mailbox system are presented in Figure 33. 

shows the position of the base post after impact. 

Figure .34 

Figures 35 through 40 show deceleration, change in velocity, 

and occupant displacement versus time. 

The only damages to the vehicle were a small dent in the 

front end of the hood and a minor dent in the bumper and front 

lower right fender as shown in Figure 41. Table 5 gives the TAD 

and VDr damage ratings. 

49 



TABLE 5. SUMMARY OF RESULTS, TEST 2. 

Impact Velocity = 21.3 mph 

Actual Impact Severity = 27 . 9 ft-kips 

MAILBOX SUPPORT ~ 

Mailbox 
Post Type 
Size 
Embedment Method 
Embedment Depth 

VEHICLE ~ 

Make 
Model 
Year 
Weight 
Impact Point 

ACCELEROMETER ~ 

Change in Velocity (ft/sec) 
Duration of Event (sec)** 
Peak Deceleration (g"s) 
Maximum 0.010 sec Average 

Deceleration (g"s) 
Occupant Displacement (in) 

VEHICI,E DAMAGE CLASSIFICATION 

TAD 
VDI 

Did test article penetrate the 
passenger compartment? 

Was windshield broken? 

*Franklin Steel eze-erect sign post 

**Time of Contact 

50 

2 boxes (size 1-A) 
Steel U-post * 
2 . 00 lbs/ft 
Driven into Strong Soil (S-l ) 
37 in . 

Volkswagon 
Rabbit 
1979 
1840 lbs. 
14 in. to right of center 

I&fi. 

2.7 

7 . 5 

3 .62 
2.20 

None 
12FREE1 

NO 

NO 

Right 

3.3 
0.100 

13 .2 

4.03 
1. 80 



0.000 sec 0 . 008 sec 

0 .037 sec 0.052 sec 

0.10 1 sec 0.118 sec 

Figure 32. Sequen tial Photos, Test 2 
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TABLE 6 . TIME-EVENT SUMMARY FOR TEST 2. 

IlMK (sec ) EYE NT 

0.000 Impact 

0 . 008 Post begins bending 

0.037 Post wrapping around bumper 

0.052 Mailbox hits front end of hood 

0.101 Mai lbox and post being pushed over 

0.118 First mailbox hits ground 
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Figure 41. Damages To Test Vehicle, Test 2 
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T.E.S.T. till..... .3. 

The results of Test 3 are shown in Table 7, and the 

sequential photos from the high-speed film are presented in 

Figure 42. The time-event summary is given in Table 8. After 

impact, the post wrapped around the bumper while the mailbox 

struck the hood of the car. As the car traveled forward, the 

mailbox remained on the hood while the post assembly was pulled 

from the ground. At approximately 0 . 090 sec after impact, the 

mailbox assembly started to lose contact with the hood. The base 

post, top post, and mailbox all remained intact after they came 

to a rest 366 feet away, when it was run over by the vehicle. 

Damage to the mailbox system is shown in the photos given in 

Figure 43. 

During Test 3, the data cable, between the onboard metraplex 

unit and tape recorder, became tangled 

guidance system. Thus, the cable broke 

with the car cable 

before the car had 

reached the impact point and no accelerometer data was recorded. 

The NDOR decided not to re-run the test because the needed 

information could be obtained from the high-speed film and also 

the vehicle remained stable and upright during and 

collision. 

after 

The most noticeable damages to the vehicle were a punctured 

and dented hood and a busted plastic grill plate as shown in 

Figure 44. The TAD and VDI damage ratings are given in Table 7. 
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TABLE 7. SUMMARY OF RSULTS, TEST 3 . 

Impact Velocity = 63.6 mph 

Actual Impact Severity = 248.6 ft-kips 

MAILBOX SUPPORT MIA 

Mailbox 
Post Type 
Size 
Embedment Method 
Embedment Depth 

VEHICLE MIA 

Make 
Model 
Year 
Weight 
Impact Point 

ACCELEROMETER MIA 

Change in Velocity ( ft / sec)*** 
Duration of Event (sec)** 
Peak Deceleration (g-s) 
Maximum 0.010 sec Average 

Deceleration (g-s) 
Occupant Displacement (in) 

YEHICL~ DAMAGE CLASSIFICATION 

TAD 
VDI 

Did test article penetrate the 
passenger compartment ? 

Was windshield broken? 

*Franklin Steel eze-erect sign post 

**Time of Contact 

***Fr om high-speed film analysis 
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2 boxes (size 1-A) 
Steel U-post * 
2.00 Ibs/ft 
Driven into Weak Soil (5-2 ) 
37 in. 

Volkswagon 
Rabbit 
1979 
1840 Ibs. 
Center of bumper 

Right 

4 . 4 (Photec) 4.5 (Locam) 
0 .090 

FC-1 
12TFCN5 

NO 

NO 

Not Available 

Not Available 
Not Available 



0.000 sec 0.002 sec 

0.006 sec 0.040 sec 

0.080 sec 0.090 sec 

Figure 42. Sequential Photos, Test 3 
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TABLE 8. TIME -EVENT SUMMARY FOR TEST 3. 

TlMK (sec) EVENT 

0.000 Impact 

0.002 Post begins bending 

0.006 Post wrapping around bumper 

0.016 Mailbox hits hood 

0.040 Mailbox on hood and post being pulled out 

0.080 Post dragging through sand 

0 . 090 Mailbox loses contact with hood 
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Figure 44. Damages To Test Vehicle, Test 3 
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A summary of the Test 4 results is given in Table 9. The 

sequential photos are shown in Figure 45 and time-event summary 

is ' given in Table 10. As the vehicle moved through the impact, 

the mailbox post wrapped around the bumper, and then the top 

section of the post separated from the base post. The base 

remained embedded in the soil. The mailbox then struck the 

post 

hood 

and was carr.ied for a distance before being thrown from the car. 

The final resting place of the mailbox assemble was 130 feet from 

the p o int of impact. Photos of the damaged mailbox c an be v iewed 

in Figure 46. A diagram of the base post position after impac t 

is shown in Figure 47. 

Plots of deceleration, change in velocity, and occupant 

displacement versus time are shown in Figures 48 through 53 . I t 

is noted that a minor inconsistency showed up when comparing the 

results obtained from the left and right accelerometers. 

The vehicle"s hood received the most significant damage 

although the center grill area received some dents as shown in 

Figure 54. Table 9 gives the TAD and VDr damage ratings f o r Test 

4. 
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TABLE 9. SUMMARY OF RES ULTS, TEST 4. 

Impact Velocity = 64.5 mph 

Actual Impact Severity = 255.7 ft-kips 

MAILBOX SUPPORT UAIa 

Mailbox 
Post Type 
Size 
Embedment Method 
Embedment Depth 

VEHICLE UAIa 

Make 
Model 
Year 
Weight 
Impact Point 

ACCELEROMETER DAIK 

Change in Veloci ty (ft/ sec) 
Duration of Event (sec) ** 
Peak Deceleration (g's)** -
Maximum 0. 0 10 sec Average 

Deceleration (g's) 
Occupant Displacement (in) 

VEHICLE DAMAGE CLASSIFICATION 

TAD 
VDI 

Did test article penetrate the 
passenger compartment? 

Was windshield broken? 

*Franklin Steel eze-erect sign post 

**Time of Contact 
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1 box (size 2) 
Steel U-post* 
2.00 lbs / ft 
Driven into Strong Soil (5-1) 
37 in. 

Volkswagon 
Rabb it 
197 9 
1840 lbs. 
Center of bumper 

L.e..f..:t. 

2.7 

21. 2 

4.86 
2.1 

FC-1 
12TFDW5 

NO 

NO 

Righ t 

1.1 
0.048 

26.1 

4. 04 
0.50 



0.000 sec 0 . 002 sec 

0 . 010 sec 0 .022 sec 

0 . 040 sec 0. 148 sec 

Fi gu r e 1,5 . Sequent i a l Photos, Test 4 
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TIME (sec) 

0.000 

0.002 

0.010 

0 . 022 

0.026 

0.040 

0.148 

TABLE 10. TIME-EVENT SUMMARY FOR TEST 4 . 

EVENT 

Impact 

Post begins bending 

Post wrapping around bumper 

Post separates from base 

Mailbox hits hood 

Mailbox on hood 

Mailbox leaving hood . 
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Fi gu re 46 . Da mages To ~1" llbox Sys t em , Tl'St 4 
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CONCLUSIONS 

Four full-scale crash tests were conducted to evaluate the 

impact behavior on two NDOR mailbox support systems. One design 

used two mailboxes (size 1-A) mounted side-by-side, and the other 

design consisted of one mailbox (size 2) mounted to the top of 

the post. 

The analysis of the four crash tests revealed the following: 

1. In Tests 1 and 3, the actual impact severity was within 

the recommended limits. During Tests 2 and 4, the actual 

impact severity exceeded the recommended limits by 3.3% 

and 1.5%, respectively. Since the error was small, the 

tests .were taken to be valid. 

2. In each test the change in velocity of the vehicle was 

well below the recommended limit of 15 fps and also the 

preferable limit of 10 fps. 

3. In each test where accelerometer data was available, the 

maximum 0.010 sec average deceleration was well below the 

recommended limit of 15 g's. 

4. In all of the tests, the mailbox support system 

functioned as intended. It kept the mailbox attached to 

the top of the post, not allowing any detached fragments 

or elements to penetrate or show potential for 

penetration into the passenger compartment. 

5. In each test the vehicle remained stable and upright 

during and after impact and also showed no potential for 

ramping or rolling over. Also, there were no severe 
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damages assessed to the vehicle during each of the f our 

tests. 

6. The breakaway device functioned as intended for Tests 2 

and 4. During Tests 1 and 3, which were conducted in the 

weak soil, the breakaway device did not function. In 

Test 1, the post system pushed over allowing the vehicle 

to safely pass over it. In Test 3, the entire post system 

pulled out of the ground. 

Based upon the above listed items, the results of each test 

are acceptable according to the NCHRP 230 guidelines. 
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RECOMMENDATIONS 

In order - to more securely tighten together the mailbox 

support system, it was suggested that the circular holes in the 

platform and L-shaped bracket be either punched to a larger size 

diameter or punched square so the carriage bolt can fit in the 

hole_ 

Also, it was suggested that the support system consisting of 

the platform plates, the adapter plate, and L-shaped brackets be 

treated with some type of protective surface - coating such as 

paint or zinc plating. This would reduce the effects of rust on 

the system and possible mailbox detachment due to weakened steel 

parts. 
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C *"**'*****"""""""'*""'*"""*1""'***'***'1""'* C 
C fNPUT DATA NAt'IES 
C 
C 
C 
C 
C 
C 
C 
C 
c 
e 
C 
e 
e 

C 

C 

C 

C 

c 
c 

NPTS NU~IBER OF INPUT DATI; rJI] I fiTS 
ITEST ~ TEST NIJI'1BER 
SPEED = ACTUAL I}Efll CU: II'1P AC T SPEED I ~IPH) 
IVEl = TARGET VEHICLE 11'1PI',CT SPEED II'IPH) 
IACCEl = ACCELERATION NUNBER 

NO. 1 .... L.EFT SlUE 
NO . 2 . .. . RIGHT SIDE 

AeAL. = ACCElER0I1ETER CALI BRAT ION FACTOR 111V/G) 
A I I ) = ACCElERIJr-IETER OA'IA (IolV) 
TI I) ~ T I I1E DATA (f·1~.EC ) 

PROGRAM SIGNIMABX4R,OUTPlJr,1'AP E5=MABX4R,TAPE6=OUTPUT) 
DIr'IENSION AI 1000) ,rl 1000) ,GI 10.00) ,VI 1000) ,S.PDI 1000) ,DI 1000) 

READIS,400) NP 'rs, ITEST, IVEl, IAeCEl,ACAl,SPEED 
WRITEI6,~00) ITEST,SPEED,IACCEl 
WRITEI6,50S) 

TSUrl=O .0 
I}El.=O . O 
OlSP=O.O 
1}(1)=0 . 0 · 
0(1)=0 . 0 
SPDII)=SPEEOI188. 0 / 60 . 0) 
J=O 

1000 CONTINUE 
J=Ji·1 

00 100 I = I ,NPTS 
I Fe J . EQ . 2) GO TO g~ 

REAO(S.40S) AII),Tlll 
AI I )=IAI I )/I~O . O*ACALI )* ''<2 .2 
G I I ) "A I I ) /32 . 2 

9~ corn I NUE 
100 cmnlNUE 

l=NPTS-l 
DO 200 I=I,l 
TT ~ IT I I + I ) - T( I ) ) I 1000 . 0 
IFIJ . EQ . 2)GO TO 10~ 
,~I =A ( I ) 
A2=AII+I) 
GO TO 110 

10~ CONTINUE 
TSUI-1~:rSUM + TT 
A 1 ,,,, SPO"( I ) 
A2=<~PO( 1+1) 

liD CONTINUE 
I F I i\ 1 . IlE . O. ° . AHIJ . 
I F I AI . l T. O . Il . I<NU . 
I F I ",I . GE. O . 0 . AI·11l . 
I~I Al . LT. 0 . 0 . AND . 

A ':> .. 
A2 
A" ,. 
I'~~: 

. IlE . 
LT. 

.1..1 
. Gc . 

0 
0 
a 
0 

.0 )60 fO 130 

. 0 )00 TO 1 !I Ci 
. 0 )60 '10 I ~i -+ 
. 0 )00 TO 1,"0 



1\0 
. N 

c 

c 

c 

C 
C 
C 

c 

C 

C 
C 

1 ':,4 (Or,!T !! ,!UE 
'!"=( C'l"l' )/(Ai - A2 » *A 1 
T2"rT -T 1 
AREA~ ( O,5~Al*l' l) + ( O,~*A 2 * ' 1 2 ) 
GO 10 160 

1 :;6 corH I NUE 
Tl;1 (TT)/(-Al1-A2) )*I - Al) 
T2"TT-Tl 
AREA=(O , S*Al*Tl1 + (O , S ~A 2 l ' I'~ ) 

1 t;O cOIn I NUE 

IF(J . EQ.2)BO 10 110 
\)El~\)El t AREA 
\) 1 11-1 1.\)El. 
SPD ( It 1) .SPEEO* «'8 . 0/60 . 0) - VEL 
GI] TI] 180 

1'" a COIH I NUE 
DISP.DISP t AHEA 
Dlltl).(SPEEOIIBB . 0/6D.O)11SUM) - DI5P 

180 CONTINUE 
c: 00 CONT I NUE 

IFIJ . EQ.I)GD TO 1000 
1)0 210 l.l,NPTS 
O( I ).O( 1 )112 . 0 
I.IR I TE (6,510) Til) , B 1 I ) ,v 1 I ) ,U 1 I ) 

2'1 () CONT I NUE 

WRITE STATEMENTS 

500 FORMATllHl,III,T43, 'R N A L Y S I 8',11,1'49, '0 F ~ ,II,la3, * 'A C C E L E R U 1'1 E T 10 R 0 A T A',IIII,T45,'TEST NO.', 
:6: 12, I, T4::l, 'SPEt:O ' ,FD, '/, T!J4, I t'lPH' ,I 1'140, 'ACCELERUI'1ETER NO , 
;J \ 2 ) 

505 FORMATII/II/,T22, ' TIME' ,134, 'ACCELERATION','S!, '\)ELOCITY', * T70,'OCCUPANT ' ,1,'154,'CHANBE' ,T68,'DIBPLACEMENT' ,I, 
:+: T21, 'H1:3E::C)' Il :~8, ' «(j)' ,1':.i5, I (FPS)', TI'2,' (IN)' ,II) 

510 FORt'1AT'''21,F5,1, T:::7,F~J,l, T:j~,F:J.l ,172,F4 . 1) 

C READ STATEMENTS 
C 

c 
c 
c 
c 
(. 

400 FORMAT(415,2FI0 . O) 

405 FORMAT(2Fl0.0) 

CM.L PLOTS< ,O. 0, 1 ) 
CALL PLO 'r(O,5 , O , ~ , - 3 ) 

C/o 10 \:r:1 ,8 
IFI ITE2.T . EQ . 1 ) Gli fO 
IF< In:,:;, . EQ . 2) (.,0 '10 
IF ( I TE ~; I . EO . ~: ) (;0 TD 
11" ( IHsr . EQ . 4) GO TO 
II" I I I Eo' r . "0 . 5 ) GU 1'0 
IH I TE ::;T . EQ . 6) fir ) TO 

;';[ 1 "::::1 
"I '11 

,. 01 
"lO 2 
70:::: 
? Ol1 
"/ I,LJ 
"/ 0 f'1 

" 



C 
C 

C 
C 

, I ... .. 
<. I I ' j ~. , ,~ i.1 

i'(; ::~ (:(.'11 .. 1. :=)'O IBUL (4 . :,," . ~) , 0 . 1;) I t H::; , U . (j I 1 ) 
l-.ill I'D 720 

i'04- CALL SYNBOl.( 4 . !J .4 . !J ,O . 1!>,iH4,O 0,1) 
GO TO 720 

70~ <:AI_L SYMI30L(4 , ~,4 . ~,O . 1~,1H~,O . O,l) 
GO lO ','20 

706 CALL SYMBOL(4.!.i,4.5,O.I!),IH6.0 . 0 , 1> 
12 ° C"LL S'II'IBOL( "'.0,4 . S , ° . 1 S , 8HTE3T 1'10.,0, ° , '3) 

IFIIACCEL.EQ .!I GO TO 72 1 
CP,LL S'(I'lBOL 13 . 0; 4 , 0,0. 15, 2:>HLEFT S I DE ACCELEROIIETER, 0 . 0,23) 
GO TO '/' :30 

72 i U,LL S','IIBOL( :::. 0,4 . ° ,0 . IS , 24HR I GHT S I DE ACC ELER0I1ETER, ° , 0,24 ) 
7:,D corn I NUE 

IFII . EQ . l) GO TO 601 
IFII . EQ . 21 GO TO 602 
IFI I , EQ . 3) GO TO 603 

601 CALL PLOTIO . O,Y . D,SI 
CALL PLOTll0 ,O ,7 . 0,21 
CAL L PLOTll0 . 0,D.0,21 
CALL PLOTI0.O,2.0,81 
CAL L PLOTll0 . D,2 . 0, 2 1 
C,)L.L SCALEIT, 10.0,NPTS, I) 
CALL SCALEIG,7 . 0,HP TS,1 1 
CALL AXIS(0. 0 ,0. O,8HTIME(MSI, -O ,10 .0, O. O,T(NPTStl), 

HI NPT:;;t!) I 
CALL A)(ISIO.0.,O.0,25HVEHICLE OECELEAATIONIG'S) ,25,7 ,, 0, 

*90.0,GINPTStl),G(HPTSt2)1 
CALL LINE(T,G,NPTS,I, I , 2) 
CALL SYMBOL( 8 . 0,5 . 0,O . 25,2aHACC ELEROME1ER TE9T DATA, * 0 , 0,28) 
CALL PLOT(12 . 0,0 . O,-S ) 
GO TO 10 

6Q2 CAL L SCAL EIT,10.0,NPT!,11 
CALL SCALE(V,7 , Q,NPTS,11 
CALL PLOT(Q . O, O. o, - al 
CALL PLOT(O.O,7.0,SI 
CALL PLOT(10 . 0,7 . 0, 21 
CALL PLOT(1 0 . 0,O.O,2) 
CALL AXIS(O,0,0.O,8HTIMEIMS) ,-B,10 . 0,Q , 0,TINPTSt1), 

n II,PTSH) ) 
CALL AXISIQ , Q,O . O,2 BHVE HICLE VE LOCITY CHAHGEIFPSI,2B, 

*7.0,9D . O,VINPTStl) , V(NPTSt21) 
CAL L LINEIT ,II, IWTS, 1,1,2) 
Ci\LL S,(~lEiOL( S. 0, S .0,0. 2S, 28HACC ELEROl'lHER TEST DATA, 

*0 . 0 ,231 
CALL PLOTI12 . 0, O.O, - 3) 
GO TO 10 

608 CALL SCALEIT,1 0.0,NP·[S , I) 
CALL SCALEIO,1 , O,NPTS, II 
CALL PLOT(O . O,O . O,-B) 
CALL PLOT(D . D, 7 . Q,BI 
CALL PLOT(10.0,7 . 0,2) 
CAL L PLOTll0 . 0 ,O . O,2) 
C(\LL ,,;< I S I 0 .0,0.0, BHT II'IE (11 ~, I , '-8 , 10 . 0,0 , 0, T (HPTst 1) , 

H (NPT:H?1 I 
CtiLl. AXIS(O.O,O . O,2:'j l·HJLCur·(':tlH UI::',PLiiC t}IENl( IN) , ;;:3, 7.0, 

· ~9 fJ . O,['INPTStl I , I)INI"[:H2)) 
CAl. L LIHE IT ,D ,HIlTS,1, 1 ,;'1 
CALL :,nIB OLI3 . a , j . (J , (J . 2:, , <! :;;Ht ,c(.IOLERO \'IETEI< '110 , ;'1 1)f',HI, 

'J . 0 , 2 ':1 
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; ", 

'" " 

TINE 

, () 

1 . ~) 
3 . 0 
3.:; 
4 .!;J 
S.t,) 
" ,:. ,.} • oJ 

6.5 
. ::s . 0 
9.5 

1 0 , 5) , 
1 1 ' 0 
., :::~ .0 
12 .5 
1 ::.3 . :;, 
14.5 
., !:1 ,5 
116.5 
., ./ . f j 
18.0 
'1\,> , () 
20. (f' 
20.:;' 
21 . :5 
22.0 
{~~~ .5 
::!.!j: . !!, 
(;~!j . 0 
::~ (b . ::, 
c~ ' i' , 0 
;~8 . () 
29.0 
:'3 () , () 
::;:0.5-
::~:., . !:) 
:3i~ . £.) 

::~: ::::: . () 

:~::!.J . 0 
.' ,. " .. ~ .. 

lJ F 

A C C E L E ROM ErE R 

'rEST NCJ, 1 
SPEED 20 . 5 t'lPH 

f'lCC;ELEHClI1,,-l'ER NO, 

f'ICCELERI4'1 ION 

(G) 

, () 

8,2 
'" 1. ii' 

1 ' 1 
, 4 

2 . i:! 
l:i . ;=~ 
- ,6 
';' , 9 

. 5 
4.6 

-2.2 
4 . 2 

,0 
;2 . 2 

-2 .::1 
1 ,f, 

-1, Q 
,() 

-2,2 
1 I : ' 

, -, 
1 ,9 

,0 
1 , 6 

, 1 
1 , '" .... ;:~ 
2. j:! - , .•.. I 

2,8 
· Jj. 

, .2 

, 9 
.•.. !:, 
1 ,2. 

.~, 

• I • • 

, 1 
.~, 

• I • • 
'" 

, , 
;' ) 

.•. , 

VELOC I'T'( 
C I ' II~ N (Hi, 

~ ,:': ' p~) 

. : ' 

',. ~ i'; . .":. 

,() 

, ' 1 
, 1 
, 1 
, '1 
, 2 
. ;:; 
, 4 
. 6 

.. 8 
. ::> 
,8 
.9 
. Q . 
.9 
,9 

' . 9 
',9 
, ~, 

, 9 
.9 

, , 9 
. 9 

, 1 ,0 
1 , 0 
1 , 0 
1 ' 1 
1 , 1 
1 , 1 
1 ' 1 
1 . ::~ 
1 , 2 
1 . j:~ 
1 , 2 
1 . ;:~ 
1 .2 
1 . ;:~ 
1 . ~3 
1 ,'" 
1. :", 

.:: 

OAT ,A 

DCCUP;\I~T 
D I ~'P LAC £1'1;;:~rr 

, (Ii'll 

" ." 

, 0 

', ,,, C, 
. 2 
,2 

, 2 
.2 
, :3 
,a 
, :3 

, 'I, 

" 

, . !: 

, .' 

" , 

•.• ~ .. ; :'j,' . 

.. " . 

, " 

,-

~. k""'7" 
" p :\I 'r~:. 

,':. 
" " .::'::. 
:}; .. :'t. 

: . .. 



" " ,~ ~ ,-
t.' . ~, t .;:, ~;J ~'J I ~:: ::.. 
46 () I I 4 S 
4 ' j.r (J ;:~ 1 A !:, 
4 ', 5 ,7 1 4 S 
.!~ E:; (J 1 1 ,4 6 " ., -, 1 '.' -, I ,7 I 5 6 
!) i~ b " -, 1 I) 6 
5'7 0 2 1 6 .:1 
!.) 'j' " -, 1 0 1 I, "/ 
58 0 :3 1 6 ., 
b 9 " " 1 ' " . :3 _. 
60 5 2 1 , '1 

',-' 8 
6:::~ () 1 I ' 'I ,'3 
62 5 4, 1 ,7 8 
64 () i':~ I '7 ,9 
64, :s 8 1 .'1 \0) .. , 
tY.'J () " -, I , " · ~:I 
b5 S 1 0 1 , '1 '" 66 0 1 1 ' " · {~ 
66 !j 1 1 1 ,'1 

' -", ,-, ' " '" 6:::: () 1 0 1 · I: j .9 
"10 0 1 1 .8 1 0 
'/ 0 :S -1 1 · lEi 1 0 
7 1 () .- 1 1 . 8 1 0 
'(' " " , :,1 1 , :,J 1 0 -, 
72 0 a 1 . 9 1 0 
'I;~ " -. 9 1 . 9 1 (J 

1 8 (J 1 1 .9 L 1 -, ....... 
( .::. t, i':~ 1 . 9 1 1 

"" 74· 0 9 1 . 9 1 1 
""-I' 'l !:, :,) (J 1 £-' 1 1 

'16 0 6 1 .9 1 1 
::::: 1 () .. ' ~J 1 · £i 1 i':~ 
8 1 5 1 1 .9 1 2 
::;;:2 () ,- . 9 1 . 9 1 Cl 
8 8 5 - 2 1 . 9 1 :;j 
:::'':0 I~ ,. ' , :OJ 1 ,:3 1 .4 .:- /,' 

" 8 "7 (J 1 1 .j? 1 4 
::::9 " -, ,- , 4 1 · :::, 1 4 
90 0 - 1 '=3 1 ,8 1 ., 4 
9:3 () ~:: 1 'I 1 t~; 

9 It· 0 .. I I 1 . 7 1 S 
9·!j. " -, ~:: 1 '7 1 ::; 
93 !'; . 8 1 ,1 1 S 
9 'i' !.) ~:: 1 · 'I 1 t> 
98 5 .- 1 2 1 . "1 1 6 
99 ,', 1 (J 1 " 1 t) -, 

1 DO (J 2 I · 'I 1 6 ", 
" 00 e; ~.i 1 "; 1 · 'I 
1 0 2 0 .- I ~:) I 1 1 ., 
" 0 ::3 () ,. , l:~ 1 -; 1 " 

1 0:::< ~) - 1 6 1 .'l 1 7 
" 04 " -, ::~ 1 '/ 1 '/ 
1 Db 0 - 1 5 1 6 1 8 
1 Of, ,,' -, '" 1 1 ,; 1 · I:t 
1 0 '; D -- :9 1 6 1 8 

" 1 0 ( ' " " , .4 1 6 1 ' :OJ -, 
1 O~:: () - '" 1 (5 1 8 ' , 
" 0::1 " -, ::~ 1 6 1 · I:t 
1 I D 0 - 1 ~: 1 6 1 8 
I " , (J ~:~ 1 ~5 I 9 
1 1 .', " 

,', . ,' - 1 0 1 " ... 1 g 
" " ~~: () ,. 

" I " _. 1 · $:i 
" , ." 1 " 



..... 

d: . 
,f. 

1 • 
!). : 

'•·· 
' • 

·, 

.• I . 

I I " , .. 
1 1 "i' !.:) 
"I .I::> () 

1 19 0 
"I <:.:! 0 () 

12 1 0 
., -~~ c:: 0 
12:3 u 
'l (;~4 " ,, 
125 .. -v 
"l ;:. f> 0 
128 5 
·1:::10 () 

1 ::n () 

I 

.I 
... 1 . ·; 

,-, 
• C:• ... ~== 

0 
.9 
2 

.9 

.9 
.•. • .Cl 

. 4 ... 1 0 
0 

.. · .. 

. ·. 

I ·'·• ,:: \) 

3,4-1 . 'l· 2 0 
1 .-'-1 i2 0 
1 .4 2 0 
1 . 4 ,, 

.::. 0 
1 .4 2 0 
1 ::) 2 1 
1 o.:· 2 1 ~ -'I 1 .5 2 1 
1 

..,. 
~ 2 , 

1 . ~;I 2 1 
1 .6 a a 
1 5 ::; 2 
1 

..,. 
;;;:} 2 a 

< ' _ ..... 

·. · ·~ ...... 
:'·. 

••• ·: • •• :·_.'_. -~ · .·' 1 . :.· •• ·.' ... t ';:-. !. , .... - ~~ :t.;'~·:.;:_: .. : .. -c..._, 

··: .... .. . 
.. . '· .. 

.i.;::'··:,,· 
''. . 

. . 
0 .... • ! .. 



.J .J 
.,·05 0 1 .5 

... 1 6!.;', () ~:: () 

1/1·5 0 :3 :; 
::,0 () .l. " -, 

2.80 () ::; () 

1 () te;!:"j 0 :;, 5 
-15 0 6 5 

1 0 1 ~i () :,1 () -'10 0 \9 " -> 
t;j90 () 1 () () 

-~~85 0 1 1 0 
Ie ~·.I;· () 1 ;:~ 0 ..J ~:'..J -. . ' •...• ~ 

~ 0 12 .5 , .-
::~ ::~ () () 13 e- " . 

- 360 0 1 ~. 5 
19() 0 1 !:.i !:J 

, ,_. 
- 1 25 0 1 6 :; 

I: ' -, () 17 !) 

-2c:5 0 1 E: 0 
19::', 0 19 0 '. 
240 0 20 0 -:.' :'1.;' ': 

e- O ::~O ::; , , 
2 1 0 0 11 1 5 .: , 

1 f, 0 2::~ 0 .. ~ t.: 

230 0 23 5 
···BO 0 24 !) 
':J ,-, 0,:' 
.... C· .. I 0 25 () 

"'8::; 0 26 5 .. 
" 295 () 2'7 0 ~':~;i:: 

'" ::, () 0 28 0 , " 
~ 1 50 0 29 0 //;:t.~~. 

,~O 0 80 0 .. ... t • • : . ... , ,::.. ..... ; . 
1 1 :5 () 30 .5 
.. ··70 0 81 !) 

155 0 82 0 
···20 0 ~::c: 0 
85 0 3~, 5 ·,.2.;::r 
20 0 8t:; 0 .. .; .r~ 
9~ 0 8ti :; -, 
I~O 0 3 '1 5 

-'7~) 0 3E: 0 
< .. ~ .. ,. 

.. ' 'r t~, 0 2::;) " -, 
-20 0 ':39 () 

" '40 () 4 1 () 

1 55 0 43 0 , 
.30 () 4 ,~ e; ., 

1:35 0 46 () ., 
'3:0 () 4', () ",I . 

>35 0 4'1 " . . , 
. J 

1 .0 -, 0 4:,1 0 
2 1 .' " 0 51 5 

uO 0 !:; i~ ::.. 
"I I.!' 0 5 'l () 

...... . 
c." 

1 ,~O () t·,'/ ::, .. '1". 

/1·0 0 5E: () 

90 () ::;9 5 ,,' , .. :-
'} L!' () 6 0 " c. " ." 
1 5 0 f> ::: 0 ..,' ..,. -, " () 62 5 
;~O 0 t;.(~ () 

1 ()() 0 'iA 
~,. 

" 
6ti () 6!:) () 

1 :;) () () 65 .,' ., 



' ~ "1 0 . iJ i;.:>t) . :.) 

1 ;:~ !~, . 0 tj.::J .O 
1 5 . 0 "(,D.D sis 
::~!:; . 0 ',10 , ~') 

.. 15 . 0 11,() 
1 O!5 , 0 '1 1 .5 
:-~5. 0 12 . 0 

l;:~O.() '? ::~ . ~~; 
15 . 0 '13.0 ,: '.' 

I:~O. 0 '78 , ~;; 
115 , 0 '74, . 0 

' .... ' "{. 

"'0 .0 .. . 'r:=; . !:-, 
80,0 '16 .0 

"'60.0 :~ 1 .0 
1 ~) . 0 81.5 

.. · 1 1 ~, . 0 I:~i? .0 
- '3 0 . 0 8a.5 

,. 
"' 100 . 0 :36, ~i 

10 . 0 8'1 . 0 
· ·· ~,O. 0 :39 .5 _ • .t.: ,,' 

" - 165.0 90,0 
'''40.0 g :',: . () 

-1 a5.0 9~,. () 
40.() ~ul . ~J 

100.0 90.5 : ~r'" ,~", r:·.·'!·" .':-:- ' -."! ',' " . 
~:: ~j . 0 9'(1 .0 

- 155 . 0 9B.5 

. , 
: ; 

' ;\.J 
~ . .31 

" .:. ,. 
l~:~S . 0 9~ ., 5 
20 . 0 100 . 0 

,. .. .. ,:-. ';.~:: .. ~ 

11::,.0 100 . t; 
-165.0 102.0 

"",: 0 . 0 1 0::;: . 0 
-200.0 103.5 - ;,:~!..:, . 0 104.:; 

0 , -190 . 0 106.0 9 " 
... 1 0 . 0 10t3 . C-; 

... ....... : 
~ .. 
.-', 

, . • :-:':'1: 

-.... ', ' ~r: 

.Y 
'; 

',:!: 
-1'15.0 10';',0 

···4t.i . O 1 0 ',/ . 5 
'-90 .0 1 OE: . 0 

::~!..::; . 0 1 () ::~ , !..) 

- 225.0 110.0 
",20.0 , 111.0 

-130,0 112.5 
"'65.0 1 1;'3 . 0 

-120 . 0 1 101· . 0 
, . ~':" 

:;~:;?~%7~ :~.' ... 
' .:; 

\. , ~. ', ~" ".'" . 

~ .. " 

. ,~!\ii ~.~. 
.' '\ I, :" • .,_ . v. 

1b.O 116 . 0 
10.0 '1 7.5 

" ' i~;~(} , 0 1 1:~ .0 
100.0 11\<),0 
"'40 . 0 l;,~() . O 

lao.O 121.0 

-.... -.,-:'j.,:;_ .. 
.:')f!: 
,.;, 

1 1~, . 0 1;~~;~. () 
C~~) . 0 12 '~\.() 

. . ' -. !; -. 
,; 

. -...: .--. 
1 ;,~() . () 1::~4.0 
110 .0 12.5 . .5 
"'4!:, . () 1:~~t) .() 

55.0 1 ':) ," , .,. 
I_C' . oJ 

·"1;:;:() . () 1 ~~o . 0 
.; 0 . 0 1 a 1 ,0 

. ..... ~ 



T li'1E 

(i'"lSEC) 

.0 
1 .0 
l~ 0 
2 ~ . ..., 
3 0 
II- 0 
4 .5 
5 .5 

"" ..., () 
at· '1 () ... ", , " -, 

8 .5 
9 5 

10 .0 
1() .0 
1 1 0 
1 '1 '"' --, 
12 0 
'I(~ ~J 
la .0 
1 :=: . :5 
III- ~ 
1 !S " · -, 
16 . 0 
'I '? · t·, 
18 0 
:~ 0 () 
, 'I'-I c..:. . 0 
" " c.c. " -, 
i:: I~. u 
:~4 " · -, ", ,,' c.. J u 
::~ (:) · !:.. 
27 .5 
"::' ''-:.' I __ ' J 

,. 
· -, 

29 U 
:;:~~o (] 

~::: 1 L" -, 
:~::::::: () 

::::3 . •. -, 
:~:: !.) " -, 

o F 

Ace H L E ROM E T E R 

·f(:.ST NO. 1 
SPEEO 20 . 5 ~lPH 

f4CCEL.Ef<CWiET En NO. 2 

(4CCELERAT ION ~)ELOC I TY 
CHI)NGE 

(G) «(-,PS) 

.0 . 0 
6 . 11- 1 

- -2 .::1 .2 
- 1 .3 1 
10 (.) · ~~ 
'l .. 1 .4 

- -4 .Q .4 
la . 1f> .6 
-·9 .6 .6 
22 .6 .8 
1 ::/ .'I 1 ., · .:. 

··22 1 1 1 
1 ,,: . :3 1 . () 
- .9 1 1 

_. 1 .4 1 .() 
9 .2 1 1 

10 · 'i' 1 · c: 
.. 1 () .6 1 .3 
.•. 1 1 ~:, 

· .. ' 1 1 
8.9 1 1 

1 1 . 4 1 · ;:~ 
- 5 .2 1 .a 

" -, I;' -, 1 ,S 
-5 .8 1 .a 

4 .4 1 · ~:: 
- ,." 

j .a · , ,,: . () 1 .4 
2 . 7 1 . 6 

... J.. :OJ 1 . 6 
1 .6 1 .6 

.4 1 . 6 
a .8 1 .1 
.•. .9 1 " 

8 . 1 1 I 
.:b 1 · ::, 

8. j 1 · t:.: 
.. ' " . ..., 1 · If) 

2 '1 1 .9 
· 'i' .~~ ' .. () ., ,- 0 2 0 

1 ;:~ 1 .. , 

[) A T A 

" . 

OCCUP(.\IiT 
[) I gPl..ACE.r1ENl 

( IN) 

,0 
.. Q 
. 0 
.0 
.0 
. 0 
.0 
.· 0 
.0 
. 0 
.0 
,0 
· 1 

. . _ ..... -..... 1. 
~/' - ' . 1 

, , 
· 1 

-. '. ...... . . : .. ;\ 
· 1 
· 1 
· 1 · , 
· 1 
. Z 
.. 2 
.Z 
· ::~ 
· :3 
.8 
, :3 

· :3 
.a 
.4 
. 4 
.4 
.4 
. 5 
. b 
.5 
· ~J 

,, ~ . 

f ' . 
. \ : .. ;": 

". 
' -~'--

" .. ~~ 

.. ~ 

. ',' 



::::::=.: , , , I~ , 

:~:~9 !:, ~;;l 

'10 ~;; " :3 c , 

' I 'j -' ,-- 'I 
..... ::;;: (] 9 
4:3 ::'i (] 
4'-'-

" 0 1 \5 
46 I:' 9 " 
4'1 0 1 8 
4G (J 4 
4t":1 t'; 4 
4',~i (J 1 ~, 

30 (J 1 :3 
!.',Q ". '( 

" 
:5 1 0 1 9 
b::~ b ::$ 
58 :5 1 2 
b4 r~' (J 

" 
56 :'j 1 1 
!.'I 'i' 0 4 
:;) '/ ~ '1-" 
b:~ (J 1 g 
~'I~ tj 1 
60 (J fj 
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