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EXECUTIVE SUMMARY 

EVALUATION OF TilE DYNAMIC STRENGTH OF 
GUARDRAIL POSTS MADE FROM RECYCLED PLASTIC 

A contract with Southwest Research Institute (SwRI) was initiated to determine the 
dynamic performance properties of wood, steel, and recycled plastic posts. The intent of 
the study was to determine if recycled plastic posts could be used as an alternate product 
in guardrail installations. 

The contract was setup in two phases. In Phase I, pendulum tests were performed on 
individual guardrail posts of wood, steel, and recycled plastic. Pendulum testing imparts 
a dynamic, horizontal force that closely simulates loading of a highway guardrail post 
when the guardrail installation is impacted by an errant vehicle. If Phase I was 
successful, Phase II would involve a full scale crash test of a complete guardrail 
installation using the recycled plastic posts. 

Phase I began with testing eighteen 6" x 8" wood posts and eleven W6 x 9 steel posts. 
These posts were tested under various temperature conditions to establish baseline 
fracture energy levels. The tests confirmed that the 5.5 foot-kips fracture energy level for 
wood and steel posts are not significantly affected by -20/ + 120 degree Fahrenheit 
temperatures. 

Nine recycled plastic posts from two manufacturers were then tested at ambient 
temperature. If the posts passed the required fracture energy level, further pendulum 
testing would take place with posts at various temperature extremes. The manufacturers 
were Hammer Plastic Recycling Corporation of Iowa Falls, Iowa and Trimax Plastic 
Lumber of Ronkonkoma, New York. 

The results of the testing showed that all recycled plastic posts failed at a fracture energy 
level below the required 5.5 foot-kips. The fracture energy of Hammer Plastic Recycling 
posts displayed a wide variance in values and many of these posts were observed with 
voids in the center section of the post, while the Trimax Plastic Lumber posts were 
uniform in appearance and fracture energy values. 

Based on the data generated during this testing program, no post currently made from 
purely recycled plastic consistently achieved the required fracture energy value. 
Therefore, Phase II testing was not done. 

Development of recycled plastic posts as an alternative guardrail post will not be pursued 
further by the department because of the expense of developmental testing and the 
variability of the product. The recycled plastic industry will be expected to furnish 
independent test results meeting national standards for crash testing before such products 
will be considered for use on Michigan's highways. 
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1.0 INTRODUCTION 

Waste plastics contribute a significant amount of non biodegradable waste to 
solid waste disposal sites. One method of making use of this waste plastic is 
development of large-volume, permanent end use by recycling. Several 
recycled plastic manufacturers currently make non structural lumber and 
landscape timbers from waste plastic. This program involved taking the 
lumber concept a step further by investigating the fitness-for-use of recycled 
plastic as substitute for wood or steel posts in highway guardrail systems. 
Although calculations and static strength tests provide information on 
physical properties of a new material, only dynamic evaluation will provide 
information necessary for determining suitability for the intended use as a 
guardrail post. Pendulum testing in a controlled environment is an efficient 
and accurate method of evaluation. In a 1974 study for the USDA Forest Service 
(1) numerous dynamic pendulum tests were performed on various sizes of and 
species of wood posts and steel posts and several full-scale crash tests were 
performed to verify the results of the pendulum tests. Based on pendulum tests 
supported by full-scale crash testing, a fracture energy value of 5.5 ft-kips 
and above for strong post guardrail systems was established in the study. 

2. 0 PROGRAM OBJECTIVE 

The objective of this program was to experimentally determine the dynamic 
performance properties of wood, steel, and selected posts made from recycled 
plastic. The pendulum imparts a dynamic, horizontal force which closely 
simulates loading of a highway guardrail post when the guardrail installation 
is impacted by an errant vehicle. 

3.0 SPECIMEN DOCUMENTATION AND PREPARATION 

A Specimen/Test Data Sheet was generated for each post which contained the 
following information: 

Test date 
• Specimen number 
• Sketch ofpostwith dimensionsandlocationsofmeasurement 

Mass weight 
• Mass impact velocity 
• Mass velocity change 
• Ambient temperature 
• Specimen temperature - before test 
• Specimen temperature - after test 
• Moisture content - after test (if applicable) 
• Fracture energy 
• Post displacement during impact 
• Peak force 
• Average force during impact 
• Comments if necessary 

1 
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3.1 Wood Posts 

The wood posts were placed in a controlled temperature/humidity 
environment in which the temperature was maintained at 70+ _ 2 degrees and 
50+/- 5% relative humidity. The 20 Douglas Fir posts were numbered, measured 
and graded. Appendix A contains a post data sheets and grading data. 

3. 2 Steel Posts 

The steel posts were numbered, measured, weighed and placed in a secure area 
for test. 

3. 3 Recycled Plastic Posts 

The Hammer's recycled plastic posts were received in 8 foot lengths and had to 
be cut to length to fit the test fixture. The posts were numbered, measured and 
placed in a controlled environment. The TRIMAX posts (received much later in 
the program) were also numbered, measured and placed in a controlled 
environment. 

4. 0 TEST PROCEDURES 

The tests were performed using the SwRI Pendulum Impact Facility. The SwRI 
Pendulum Impact Facility is designed specifically for large scale impact tests 
of materials, structures, and vehicle components. The pendulum test 
procedure for guardrail posts was developed in a 1970 study for the Highway 
Research Board (2) and has been used as an economic evaluation tool prior to 
expensive full-scale testing. The impacting medium for tests is a steel­
reinforced, concrete mass which may have either a hard unyielding impact 
face or be fitted with a staged aluminum honeycomb nose which crushes to 
simulate a collision between two deformable bodies. Masses up to 10,000-lb can 
be accommodated by the pendulum facility. A 4000-lb pendulum mass was used 
in all the tests reported herein. · The impact nose of the pendulum was 
equipped with a 4-in radius rigid half-cylinder equipped with a one-half inch 
rubber impact face. Figure 1 presents photographs of the SwRI Pendulum 
Impact Facility and the post restraint mounting fixture. 

Testing was conducted by raising the mass to a drop height which resulted in 
the desired impact velocity. A quick-release system was then activated to 
release the mass which allowed the mass to swing down and strike the test 
specimen installed in a fixture at the bottom of the pendulum arc. The drop 
height for all reported tests was 7.6-ft which resulted in an impact speed of 22 
fps. 

Test data were recorded by both electronic and photographic equipment. 
Signals from accelerometers mounted on the mass were continually monitored 
during the impact event. These data were stored in digital form on a data 
acquisition system connected to a PC. A high-speed 16-mm movie camera was 
trained on the impact area to record the event at a frame-rate of 500 frames 
per second. 

2 



Figure 1. Pendulum Impact Test Facility 
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The test articles were 
the pendulum facility. 
inches above grade. 

mounted in a rigid fixture attached to the foundation of 
The mass was positioned to impact the test article at 18 

4.1 Specimen Conditioning 

The specimens were cooled/heated in a laboratory remote from the test 
facility, therefore the specimens were placed in a specially constructed 
insulated container for transportation to the impact test facility. The posts 
were wrapped with an insulated blanket and the insulated container was pre­
heated or pre-cooled to minimize temperature loss during transport. 
Numerous preliminary calibration tests were conducted to determine the 
cold/hot chamber temperature required to attain correct test temperature of 
the test specimen at the time of test. This procedure was repeated for each of 
the different types of test specimens. It was found the wood and plastic posts 
required about a 15 to 20 degree temperature excess to allow for 15 minutes 
working time. The steel posts required supplemental heat/cold to maintain 
sufficient time to transport and install the posts in the fixture for test. It was 
found that dry ice would hold cold temperature while "dummy" plastic posts 
maintained heat for the steel posts in transport. 

4.2 Temperature Measurement 

In order to accurately measure the true temperature of the wood and plastic 
specimens, a 1/8 inch hole was drilled in the lower portion of the post to a 
depth of approximately 1 inch. A thermocouple probe was inserted into the 
hole and sealed with duct seal compound. The thermocouple was connected to a 
digital readout for temperature record. Because of the thin section of the steel 
posts, a surface thermistor was used to measure the temperature of the steel 
posts. 

4.3 Moisture Content Measurement 

The moisture content of the wood posts was measured just prior to tests using a 
Delmhorst Instruments Model RC-IC moisture meter. 

4.4 Impact Tests 

The following scenario was accomplished for each impact test: 
• The post data sheet was reviewed to ensure all pre-test 

data was recorded. 
• The high speed movie camera was positioned to view the 

impact event. 
• The properly conditioned post was installed in the test 

fixture. 
• Pre-test photographs and documentary video were taken 

of the test specimen. 
• The instrumentation was armed to record the event. 
• Moisture content and temperature were measured and 

recorded if necessary. 
• The pendulum mass was elevated to the proper height. 
• The mass was released and the high-speed camera was 

started. 
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• Moisture content and temperature were measured and 
recorded if necessary. 

• Post-test photographs and documentary video were taken 
of the test specimen. 

• The tested specimen was removed from the fixture and 
visually inspected for anomalies. 

Figures 2,3, and 4 present photographs of typical before and after tests of 
wood, steel, and plastic posts. 

5. 0 TEST RESULTS 

A total of thirty-eight (38) pendulum tests were performed during this 
program; 18 wood posts, 11 steel posts, and 9 recycled plastic posts from two 
different manufacturers. Table 1 presents a summary of average values 
derived from the tests. Table 2 presents a summary of test results from each 
individual test. As a matter of review, previous research ( 1) indicates the 
better strong post provides a lower peak resistance force and a lower average 
resistance force while at the same time maintaining an adequate fracture 
energy. Peak and averages forces relate to the "g" forces acting on vehicle 
occupants while fracture energy relates to the ability of a guardrail system to 
absorb the energy of impact. For comparing guardrail post sizes and 
materials, analysis of data to the point of major failure is more precise than 
considerations of total effects. After major failure, it is difficult to compare 
wood and steel posts, because wood posts sustain a major material failure while 
steel posts suffer a major structural failure. The subsequent force on a steel 
post after initial failure is used to bend the post around the base and is not 
considered significant to affect guardrail performance. Post displacement is 
calculated for initial fracture energy and is based on linear velocity change 
with time to end of event. Appendix B presents test data sheets and 
calculations of all test data obtained during the program. 

5.1 Discussion of Test Results 

A review of the data indicates the wood and steel posts are not 
significantly affected by -20/+120 degree temperatures. The results of the 
tests are within the spread of the average values for ambient temperatures. 
While the steel post-test results showed predictable and close fracture energy 
values, the wood post values ranged from 3.3 ft-kips to 11 ft-kips throughout 
the temperature ranges. Since splits and knots were not considered a major 
factor (no significant flaws in the fracture area), it appears the most obvious 
difference is the density of the wood; the lightest weight (56-lb) post fractured 
at the lowest value while the heaviest (77 -lb) post fractured at the highest 
value. Moisture content is not considered a determining factor since the major 
and minor fracture energies indicated a moisture content difference of only 
0.5%. 

The fracture energy of the Hammer's posts showed a wide variance in 
values. The difference in post weight was only 5-lb and, although the lightest 
post fractured at the lowest value and the heaviest fractured at the highest 
value, it is suspected the fracture energy variance is caused by material voids 
and impurities in the fracture area. As a general comment, of the 54 Hammer's 
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Table 1. Summary of Test Results 

Test Fracture Peak Average 

Post Size. Moisture Temp. Energy Force Force Displacement 

Designation Inches Content Deg.-F ft-kips kips kips inches 

Douglas Fir 6x8 16.8 70 5.7 20.6 8.7 7.7 

Douglas Fir 6x8 15.3 -20 5.3 19.8 8.2 6.9 

Douglas Fir 6x8 11.5 120 5.6 20.1 8.1 8.2 

W6x9 Steel 4x6 NA -20 10.8 226 14.8 8.8 

W6x9 Steel 4x6 NA 120 10.5 222 14.2 9.1 

Hammer Plastic 6x10 NA 70 3.8 19.4 7.4 6.4 

Hammer Plastic• 6x8 NA 70 2.7 18 6.3 5.2 

Trirnax plastic 6x8 NA 70 2.5 221 5.4 5.2 

"'nly one post tested at this size 



Post 

No. 

WI 

W2 

W3 

W4 

ws 
W6 

W7 

WB 

W9 

W!O 

Wll 

W12 

W13 

W14 

W!S 

W16 

W17 

W18 

51 

52 

53 

54 

55 

56 

57 

58 

91 

S!O 

Sll 

PC! 

PC2 

PC3 
PC4 

PC5 
PAl 

TAl 

TA2 

TA3 

Post 

Material 

6X8 WOOD 

6X8 WOOD 

6X8 WOOD 

6X8 WOOD 

6X8 WOOD 

6X8 WOOD 

6X8 WOOD 

6X8 WOOD 

6X8 WOOD 

6X8 WOOD 

6X8 WOOD 

6X8 WOOD 

6X8 WOOD 

6X8 WOOD 

6X8 WOOD 

6X8 WOOD 

6X8 WOOD 

6X8 WOOD 

W6X9 STEEL 

W6X9 STEEL 

W6X9 STEEL 

W6X9 STEEL 

W6X9 STEEL 

W6X9 STEEL 

W6X9 STEEL 

W6X9 STEEL 

W6X9 STEEL 

W6X9 STEEL 

W6X9 STEEL 

6X!OHAMMER 

6X!O HAMMER 

6X10 HAMMER 

6X!OHAMMER 

6X!OHAMMER 

6X8HAMMER 

6XSTR!MAX 

6XSTRIMAX 

6XSTRIMAX 

Table 2. Pendulum Test Results 

Moisture Impact Vel. Final Vel. Fracture 

Content(%) (It/sec) (It/sec) 

21.0 22 20.02 5.2 8.8 

13.5 22 20.65 3.6 6.4 

145 22 19.58 63 10.0 

18.0 22 20.20 4.7 8.8 

17.0 22 17.52 11.0 83 

16.8 22 20.65 3.3 8.4 

126 22 1935 6.8 62 
113 22 20.15 4.8 7.6 

10.7 22 20.55 3.8 5.1 

10.1 22 20.40 4.2 8.9 

lOS 22 18.50 8.8 10.9 

13.4 22 20.10 5.0 11.4 

16.5 22 20.15 4.8 6.3 

14.8 22 19.90 5.5 7.8 

15.4 22 19.95 5.3 8.8 

14.9 22 18.90 7.9 7.4 

14.6 22 20.25 4.6 5.1 

16.2 22 20.50 4.0 5.1 

NA 22 17.03 121 9.4 

NA 22 18.23 9.4 8.4 

NA 22 17.64 10.7 83 
NA 22 17.92 10.1 9.6 

NA 22 17.22 11.6 8.2 

NA 22 17.65 10.7 8.2 

NA 22 18.35 9.2 9.4 

NA 22 17.44 11.2 8.2 

NA 22 18.93 7.8 8.2 

NA 22 . 17.88 10.2 9.4 

NA 22 18.45 8.9 93 
NA 22 19.94 5.4 8.8 

NA 22 20.45 4.1 7.6 

NA 22 20.72 3.4 3.8 

NA 22 20.72 3.4 5.1 

NA 22 20.46 4.1 10.2 

NA 22 20.99 27 5.2 

NA 22 21.05 25 9 

NA 22 21.10 24 '. 3.9 
NA 22 21.02 26 2.6 
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Figure 2. Typical Wood Post Before and After Test Photographs 
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Figure 3. Typical Steel Post Before and After Test Photographs 
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Figure 4. Typical Plastic Post Before and After Test Photographs 
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posts cut to length prior to initiation of testing, many were observed with 
voids in the center section of the post. While the outer l-inch of the perimeter 
of the section was quite uniform in density, while the inner section exhibited 
considerable honeycomb. The TRIMAX posts were very uniform in appearance 
and fracture energy values, but comparison of fracture energy values from 
tests with similar size Hammer's posts and posts from two other manufacturers, 
indicated fracture energy values well below the desired 5.5 ft-kips. 

5. 2 Discussion of Program Objectives 

The primary objective of this program was to determine the optimum 
size recycled plastic post which could replace the standard 6"x8" wood or w6x9 
steel guardrail post. Based on the data generated during this program and test 
results from other developmental programs initiated after the start of this 
program, no posts made from purely recycled plastic are currently available 
which can be substituted as a direct replacement for conventional wood or 
steel posts. It has been determined in other developmental programs for 
commercial sponsors, mechanical reinforcement can be implemented which 
will produce a post that will meet the criteria. Unfortunately, the cost to 
manufacture such a post would be prohibitive. 
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APPENDIX A 

Post Grading Data Sheets 
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PROJECT NO.: 06-3906 
SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION 
PROJECT TmE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PLASTICS 

Test Date: .;(_ ~ '1 cJ Testing Official: 

SPECIMEN DATA 
Specimen Number: ---=t.J~/~ ___ Material Type: 

Specimen Weight: __ ..:::._4,£j.!.__ ___ lbs 

Moisture Content after test: 

MASS DATA 
Mass Weight: 
Mass Impact Velocity: 
Mass Velocity Change: 

.jJ.tiJo % _ __::::::..;_ __ _ 

- ....!.i,'.:':<tTD.;,.:P'---- pounds 
.>76 ft/sec 

_ _,2"-!.!>,(;'--__ ftlsec 

TEMPERATURE EFFECTS 
Ambien!Temperatue: 5tf. if degees F 
Specimen T91\l)ef'atUre- before test: ~ degees F 
Specimen T 8fT4l9I<IIUre - after test: (, t.. ~- degees F 

u-.----
6" 

G-1-----
6" 

L+----
5 

WOOD & PLASTICS 

72" 

TEST RESULTS 
Fracture Energy: S: '2.. -!b-'1" ~r -l<(f:;. ~ 
Post Dlsplaanent During ~~-~e..,._.G'::-----10 
Peak Faroe: I q, "2- lb8' ~17" $ 
Average Force During Impact 1, 0 JWI<17"";> 

U:1 ~ 7n' 1 3/tf'~ 6 ?l'4 1'6'' 
G: 1 S~f'2 y~··3 s ~r' 4 J7.;~" 
L: 1 ~1'(~ 1~11 

3 ~ :Vt~ 11>-
.){,. II 

5:--

COMMENTS: ;.OM/ ;.4pt 1 ~ " 



i i 

FRACTURE ENERGY (FE) = 112m(Vf .. ·Vi .. ) 

where: 
m = weight of pendulum In pounds I 32.2 

Vi = pendulum impact velocity in feet per second 

Vf = pendulum velocity after fracture 

m= 

VI= 

Vf= 

FE= 

62.11 

22.00 

20.02 

5167.5272 FT-LB 5.17 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 
wt = weight of pendulum in pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

WI= 

Pa= 

4000 

4.8 

19200 LB 1 9.2 KIPS 

POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(TI-Tf) 

where: 

Vi= 

Vf = 

Ti = 

Tf= 

Ti = time at impact in seconds 

Tf = time at FE in seconds 

22.00 

20.02 

0.00 

0.035 

0. 73535 FT 8.8242 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 5.17 

d = 0. 74 

Favg = 7.03 KIPS 



PROJECT NO.: 1»-3906 
SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION 
PROJECT TmE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PLASTICS 

TestDate: ~ /J..k. C);Y Testing Official: 

SPECIMEN DATA 
Specimen Number: ----"'{A)'-'~:::._ ___ Material Type: 

Specimen Weight: ------~~LL------100 

Moisture Content after test: ~t-"'-":3 lf..!:!S' __ % 

MASS DATA 
Mass Weight: 
Mass Impact Velocity: 
Mass Velocity Change: __ ___./.L' ..... "f _____ ftlsec 

TEMPERATURE EFFECTS 
ArrDent T ernperatl.n!: 
Specimen T~re- before test: 
Specimen T eJr4l9'lliUre - after test: 

TEST RESULTS 

? IS degrees F 
1iJ :J. degrees F 
7 0, <a degrees F 

u 

G 

L 

5 

Fracture Energy: 3 , (p lp.t{ ft t"- !<.1 i":l S 
Post Displaanent During IIT1l8Ct. __ __,(;~,'-'4-'::---- in 
Peak Force: lttt /? !,llS' k1'J> I 

Average Force Durilg Impact: '-, 7 W kt i:> !> 

COMMENTS: iLt ,/k.;p 7'1.. '' 

--?r ~f&w 

~ ""-.. ""-.. ~ 

6" 

6" 

""' ""' 1 

72" 

""-· 
WOOD & PLASTICS 

~~}," ,/II r~,,• 1 "ft'l 
U: 1~ 2~ 3_..4_~ 4 __ _ 

G: 1.5" Sf"zL 3 s*'l" 4 ? 'f't" 

L: 1 S'~''z.£ 3.SS~ 114E" 
. .2.' ,, s. --



PEND UM CALCULATIONS • MICHIGAN DEPARTMENT OF TRANSPORTATION 

BY: /tL DATE: )~/-z-,/4-z.. 

FRACTURE ENERGY (FE) = 112m(Vf .. ·Vi •• ) 

where: 

m = weight of pendulum in pounds I 32.2 

Vi = pendulum Impact velocity In feet per second 

Vf = pendulum velocity after fracture 

m= 

Vi= 

Vf= 

FE= 

62.11 

22.00 

20.65 

3576.1385 FT·LB 3.58 FT·KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 

wt = weight of pendulum in pounds 

9 = 32.2 
Pa = maximum accelerations attained during fracture 

WI= 

Pa= 

PF= 

4000 

4.2 

16800 LB 16.8 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti·Tf) 

where: 

Vi = 

VI= 

Ti = 

Tf = 

Ti = time at impact in seconds 
Tf = time at FE In seconds 

22.00 

20.65 

0.00 

0.025 

0.533125 FT 6.3975 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 3.58 

d = 0.53 

Favg= 6. 7 t KIPS 



PROJECT NO.: 06-3906 
SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION 
PROJECT TmE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PLASTJCS 

Test Date: ,;l. ~ 1,).... Testing Official: 

SPECIMEN DATA 
Specimen Number: __ .:;_?J::....:::~ ____ Material Type: 

Specimen Weight: __ ...Jt,if::.!!....t ____ lbs 

Moisture Content after test: 

MASS DATA 
Mass Weight: 
Mass Impact Velocity: 
Mass Velocity Change: 

-1'--4-'-''..:::::;-:....__ __ % 

~ pounds ----:Li~;.;,:--ftlsec 

__ -:::Z.L"t...J..._ __ ftlsec 

TEMPERATURE EFFECTS 
Ambient T emperallle: 7/, ~ clegees F 

7 D. I clegees F 
t..q,i clegeesF 

Specimen T 9f11Jel"a!Ure - before test: 
Specimen T 9f11Jel"a!Ure - after test: 

TEST RESULTS 

u 

G 

L 

5 

I .., <- ~...- ' Fracture Energy: ~P ,__. Jb.ft'" 1-1 -J<tps 
Post Displaanent During I~. __ .LIOr.t,-__ in 
Peak Force: I f Jlle' I< • f' > 
Average Force Dur'ng Impact: ..., , ;,- IW k' i" s 

COMMENTS: &"7 ih:.pt 7'~t. '' 

~ ~ """ I""-

6" 

6'' 

" - ·•.:::::-

~ 
""-
1 

72" 



FRACTURE ENERGY (FE) = 112m(Vf"-Vi") 

where: 

m = weight of pendulum in pounds I 32.2 

Vi = pendulum impact velocity In feet per second 

Vf = pendulum velocity after fracture 

m= 62.11 

Vi= 22.00 

Vf= 19.58 

FE= 6249.7318 FT-LB 6.25 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 

wt = weight of pendulum In pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

WI= 

Pa= 

4000 

4.5 

18000 LB 1 8 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

Vi = 

Vf = 

Ti = 

Tf = 

Ti = time at impact in seconds 
Tf =time at FE in seconds 

22.00 

19.58 

0.00 

0.040 

0.8316 FT 9.9792 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE!d 

FE= 6.25 

d = 0.83 

Favg = 7.52 KIPS 



PROJECT NO.: 00.3906 
SPONSOR: .. MICHGAN DEPARTMENT OF TRANSPORTATION 
PROJECT TITI.E: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PLASTICS 

Test Date: /2- - 9 ~ 9 'l... Testing Official: 

SPECIMEN DATA 
Specimen Number: uJ4 Material Type: 

Specimen Weight: {pS lbs 

Moislure Content alter test: !§ % 

MASS DATA 
Mass Weight. 4f>oo pounds 
Mass lf1llad Velodly: ';!:'2..- It/sec 
Mass Velodly Change: l· 8 It/sec 

TEMPERATURE EFFECTS 
ArrOentT~: 7/, '2- clegrees F 
Specimen T~ ·before test 7 {., .:!; degeesF 
Specimen T~- after test: 7~, 3 clegrees F 

COMMENTS: 

u 

G 

L 

5 

~ !"-... ""' ~ 

6" 

6" 

I"" ~ 
1 

72 

"-.. 
WOOD & PLASTICS 

u:1 b~ zH 3~ 4 7~ 
G: 1..£i 2 7~ 3_f:_ 4}~ 

l :v ~.. 1/ 
L: 1 '~ zl:?:!L 3 .S -1 4JZ!!_ 

5:~ 

------------------------------------------------



FRACTURE ENERGY (FE) = 112m(Vf .. -W.) 
where: 

m = weight of pendulum in pounds I 32.2 

VI = pendulum impact velocity in feet per second 

VI = pendulum velocity after fracture 

m= 62.11 

Vi= 22.00 

VI= 20.20 

FE= 4717.8756 FT-LB 4.72 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 
where: 

wt = weight of pendulum in pounds 

g = 32.2 

Pa = maximum accelerations anatned during fracture 

WI= 

Pa= 

PF= 

4000 

5.0 

20000 LB 2 0 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((VI+Vf)I2)(Ti-Tf) 

where: 

Vi = 

VI= 

Ti = 

Tf= 

Ti = time at Impact in seconds 
Tf = time at FE in seconds 

22.00 

20.20 

0.00 

0.035 

0. 7385 FT 8.862 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE!d 

FE= 4.72 

0. 74 

Favg= 6.39 KIPS 
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PROJECT NO.: 06-3906 
SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORT ATlON 
PROJECT TITlE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PLASTICS 

Testing Offidal: 

SPECIMEN DATA 
Specimen Number: 

Specimen Weight: 

__ :;.:t,J'-"~"--------Material Type: 

---~7~7~~~----~~ 

Moisture Content after test: _..!...;-1-z __ % 

MASS DATA 
Mass Weight: 
Mass Impact Velodty: 

_ __.f~IJ,::Il_,.()'---- pounds 
.4d. !Vsec u 

Mass Velodty Change: ---"'q!"',...,J;.=--- IVsec 

TEMPERATURE EFFECTS 
Ambient Ternperall6e: #if degrees F 
Specimen T 9fl'4)erature - before test: • degrees F 
Specimen T~re- after test: degrees F 

TEST RESULTS 
FradUre Energy: II dJ Jb4(Pt-l<'f' 
Post Displaanent During 111118Ct. __ _.$.~. :3o~-__ in 
Peak Force: JbS ~<,, f s 
Average Force Duri'lg Impact: IS': 9 lbs 

COMMENTS: 6.s .. b bc..L 

G 

L 

5 

~ f'-... ........__ "'Z 

6" 

6" 

"' I"-,. 
1 

72' 

" 
WOOD & PLASTICS 

'" <7 ,, "'" U:ltl 2....JL_ 3_.,_._ 4_0_ 

I, " 4 (" '- , '"'' <1 ,, ' G: l..!J:..!L 2_9._ 3 __ _ 

L: ,il*z.i.l''3 {, f/ 4 f" 
~,, 

5: ---



FRACTURE ENERGY (FE) = 112m(Vf .. ·Vi .. ) 

where: 
m = weight of pendulum in pounds I 32.2 

VI = pendulum impact velocity in feet per second 

Vf = pendulum velocity after fracture 

m= 
Vi= 

Vf= 

62.11 

22.00 

17.52 

10996.551 FT-LB 11.00 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 

wt = weight of pendulum in pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

Wt= 

Pa= 

PF= 

4000 
8 

3 2000 LB 3 2 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(TI-Tf) 

where: 

VI = 

Vf = 

Ti = 

Tf= 

Ti = time at Impact in seconds 

Tf = time at FE in seconds 

22.00 

17.52 

0.00 
0.035 

0.6916 FT 8.2992 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE!d 

FE= 11.00 

d = 0.69 

Favg= 15.90 KIPS 
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PROJECT NO.: ()6.39()6 

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION 
PROJECT TmE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PLASTICS 

TestDate: ji> ~ f).- Testing Official: 

SPECIMEN DATA 
Specimen Number: __ ,:_t-V.:...=;~ _____ Material Type: 

Specimen Weight: __ __,.;SA~"t.~ ___ lbs 

Moisture Content after test: 

MASS DATA 
Mass Weight: 
Mass Impact Velocity: 
Mass Velocity Change: 

----LJ./?~ • .:..::?5 __ % 

- _ _.,i~.::,,tJ}).::,;l>::.,___pounds 
---'f~!1:l!?=~ __ ftlsec 
__ J..J.l..:..±'--__ ftlsec 

TEMPERATURE EFFECTS 
Ambient T emperatt.re: 
Specimen T 9fl'4)61'atUre - before test: 
Specimen T ~re- after test: 

TEST RESULTS 

13 ~F 
11.(, ~F 
7¢. ~F 

Fradure Energy: Jb-ffi"f -/(, ( < 
Post Displaanent During IIJ'4)8Ct In 
Peak Force: ~~~~--!Jls'l(, f' s 
Average Force Dumg Impact: ~ .. "f Jbs 1<<('.!> 

u 

G 

L 

5 

~ ~ ~ ~ 

6" 

6" 

~ ~ 
1 

72" 

"-.. 
WOOD & PLASTICS 

r-1, t ? "61.1 ,, I If 7 ~A 
U: 1 ;;;> l'f 2 ~ 3_'P_ 4 __ 'Y 

G: 1 ~-'l+' 1'z ? ~r"3 /p II 4 '7 ~/• 
L: 1 $\"z 71l3 4- '' 4 '1 ~If'' 

.;)(. + 
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PENDULUM C LCULATIONS- MICHIGAN EPARTMENTOF TRANSPORTATION 

DATE: I?. /0 9:__ 

FRACTURE ENERGY (FE) = 112m(Vf .. ·Vi .. ) 

where: 

m = weight of pendulum in pounds I 32.2 

Vi = pendulum impact velocity in feet per second 

Vf = pendulum velocity after fracture 

m= 62.11 

Vi= 22.00 
Vf= 20.65 

FE= 3576.1385 FT-LB 3.58 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 
WI = weight of pendulum in pounds 

9 = 32.2 
Pa = maximum accelerations attained during fracture 

WI= 

Pa= 

PF= 

4000 

4.4 

17600 LB 1 7.6 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

Vi = 

Vf = 

Ti = 

Tf = 

Ti = time at impact in seconds 
Tf = time at FE in seconds 

22.00 

20.65 

0.00 

0.020 

0.4265 FT 5.118 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 3.58 

d= 0.43 

Favg = 8.38 KIPS 
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PROJECT NO.: 06-3906 
SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION 
PROJECT Tm.E: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PLAS11CS 

Test Date: II bt::e- f2-

SPECIMEN DATA 
w'7 Specimen Number: 

Specimen Weight: b1 

Moisture Content after test: 12,(,. 

MASS DATA 
Mass Weight: Jl?rPC) 
Mass lmpad Velocity: "Z"Z. 
Mass Velocity Change: 7_, 7 

TEMPERATURE EFFECTS 
An'tJient T emperall.re: 7/ 
Specimen T empe!llture - before test L ::l Z 
Specimen T~- after test: L/8. 

TEST RESULTS 
Fracture Energy: ?. 8 
Post Displaanent During I~ '2. 
Peak Force: ;?; I, Z. 
Average Force Duri'lg Impact: /3,7. 

COMMENTS: 

Testing Official: 

Material Type: 

lbs 

o/o 

pounds 
ftlsec u 
ft/sec 

G 

L 

degeesF 
5 

degeesF 
degeesF 

19-fr P{-l<tf;S 
in 
wt<•r.::> 
~/<if'S 

~ f"-.. " ~ 
6" 

6" 

""' I~ 1 

72" 
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~ I' 7 ~,. I " 'J Jr" G: 1~ 2 3_!"_ 4 __ 0 

L: 1 ~ l1 2 7 ~\.f.:. 4 71! ,_ 
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PENDU '4M CALCULATIONS- MICHIGAN DEPARTMENT OF TRANSPORTATION 

BY: ' fl DATE: I! Qt?c 1 'C--

FRACTURE ENERGY (FE) = 112m(Vf .. -Vi .. ) 

where: 
m = weight of pendulum in pounds I 32.2 

Vi = pendulum impact velocity in feet per second 

Vf = pendulum velocity after fracture 

m= 

Vi= 

Vf= 

62.11 

22.00 

19.3 5 

6805.8585 FT-LB 6.81 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa ' g) 
where: 

wt = weight of pendulum in pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

WI= 

Pa= 

4000 

5.3 

21200 LB 21.2 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

Vi = 

Vf= 

Ti = 

Tf= 

Ti = time at impact in seconds 

Tf = time at FE In seconds 

22.00 

19.3 5 

0.00 

0.025 

0.516875 FT 6.2025 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 6.81 

d= 0.52 

Favg = 13.1 7 KIPS 



PROJECT NO.: 
SPONSOR: 
PROJECT TmE: 

06-3906 
MICHIGAN DEPARTMENTOFTRANSPORTATlON 
EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 
MADE FROM RECYCtED PLASTICS 

Test Date: II D~£c_ 12.. Testing Official: 

SPECIMEN DATA wt Specimen Number: Material Type: 

Specimen Weight: ~s.s- lbs 

Moisture Content after test: II, J % ~ !'.. """ ""- ""-' 1 

MASS DATA 
"rooD Mass Weight: pounds 

Mass Impact Velocity: .-;!.'2. ft/sec u 
Mass Velocity Change: I' q ft/sec 6" 

G 

6" 

TEMPERATURE EFFECTS L 

AmbientT~: 71 degrees F 
5 

Specimen Temperature - before test: t41 degrees F 
Specimen Temperature - after test: L~Q degrees F " 
TEST RESULTS 
Fracture Energy: 4, f? 111-fr' (J'('-1<: 1 i" ':> 
Post Displaanent During 1"1)8CI:. __ 7:,.;·-=z;:-:--- in 
Peak Force: k o , o .Ills 1.4, (>$. 
Average Force Dumg Impact: • 7 1136 ,<-,r5. 

COMMENTS: 

~ 

72" 
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PENDUL M CALCULATIONS- MICHIGAN DEPARTMENT OF TRANSPORTATION 

BY: DATE: It {)&Z'C. '12.-

FRACTURE ENERGY (FE) = 1/2m(Vf"-VI'') 

where: 
m = weight of pendulum in pounds I 32.2 

Vi = pendulum impact velocity in feet per second 

Vf = pendulum velocity after fracture 

m= 62.11 

VI= 22.00 

Vf= 20.1 5 

FE= 4843.1825 FT-LB 4.84 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( w1/ g )(Pa ' g) 

where: 
w1 = weight of pendulum In pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

Wt= 

Pa= 

PF= 

4000 

5 

20000 LB 2 0 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((VI+Vf)/2)(Ti-Tf) 

where: 

Vi = 

Vf = 

Ti = 

Tf= 

Ti = time at impact in seconds 

Tf = time at FE in seconds 

22.00 

20.1 5 

0.00 

0.030 

0.63225 FT 7.587 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 4.84 

0.63 

Favg = 7.66 KIPS 
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PROJECT NO.: 06-3906 
SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION 
PROJECT TmE: EVALUATION OF THE DYNAMIC SlRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PLAS"TlCS 

Test Date: II bEe. 7'2. Testing Official: 

SPECIMEN DATA 
Specimen Number: wCJ Material Type: 

Spedmen Weight: r..1 lbs 

Moisture Content after test: /rPI 7 % 

MASS DATA 
Mass Weight: LfOOO pounds 
Mass Impact Velocity: 2.""2..- ft/sec u 
Mass Velocity Change: ft/sec 

G 

TEMPERATURE EFFECTS L 

Ambient T empera!Lre: 7.3 degrees F 
5 

Spedmen T~re- before test: L3~ degrees F 
Spedmen T~ ·after test: a.~ degrees F 

TEST RESULTS 
Fradl.lre Energy: 3, 2 ltF1l tl -I< 1 f > 
Post Displaanent During ~~-~5;~( ,...----in 
Peak Force: I 9, Z... .lb!f ~. I" ; 
Average Force Dumg Impact: 9, 0 bt kq>$ 

COMMENTS: 

~ ~ ~ "Z 
~ ~ 
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G: ,.$'~'· z 71r" 3 t>?f" 4 1 :l;y 1 

L:1.5"1'' zft\SJ: ''411;'/ '; 
. ~t ,, 
5.--



PEND UM CALCUlATIONS- MICHIGAN DEPARTMENT OF TRANSPORT A TON 
BY: ( ' { DATE: II p~;;:(; 'i ·.:_. 

FRACTURE ENERGY (FE) = 112m(Vf .. -Vi .. ) 

where: 

m = weight of pendulum in pounds I 32.2 

Vi = pendulum impact velocity in feet per second 

VI = pendulum velocity after fracture 

m= 
Vi= 

Vf= 

FE= 

62.11 

22.00 

20.55 

3832.0317 FT·LB 3.83 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 
where: 

wt = weight of pendulum In pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

WI= 

Pa= 

PF= 

4000 

4.8 

19200 LB 1 9. 2 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(TI-Tf) 

where: 

Vi = 

VI= 

Ti = 

Tf = 

Ti = time at impact in seconds 

Tf = time at FE In seconds 

22.00 

20.55 

0.00 

0.020 

0.4255 FT 5.106 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE!d 

FE= 3.83 

0.43 

Favg = 9.01 KIPS 



PROJECT NO.: 00.3906 
MICHk3AN DEPARTMENT OF TRANSPORT A TlON SPONSOR: . 

PROJECT TffiE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 
MADE FROM RECYCLED PI.AST1CS 

Test Date: II 0 e-r:._ 1z. 

SPECIMEN DATA 
Specimen Number: WIO 

Specimen Weight: {p(p 

Moisture Content after test ltJ, L 

MASS DATA 
Mass Weight ~tiO 
Mass ifr4lad Velodty: 'Z."l.. 
Mass Velocity Change: /, ?-

TEMPERATURE EFFECTS 
ArrbientT~: 1;:; 
Specimen T~ • belo!9 test 1_4!) 
Specimen T~ ·after test 1.. ;?::, t.. 

COMMENTS: 

Testing Official: 

Materiaj Type: 

lbs 

% 

pou1ds 
It/sec u 
It/sec 

G 

L 

degnles F 
5 

degnles F 
degnles F 

~ 

6" 

6" 

~ "' "Z 
~ .~ 

~ 1 

72" 

"" 
WOOD & PLASTICS 

U:1~2&3..3 47~ 
G: ,,5}4 z::zift. 3 .... 0:; 42i.. 

1.: s.*l 2 1 df 3s4' 4 z~ 

5:~ 
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PENDU M CALCULATIONS- MICHIGAN DEPARTMENT OF TRANSPORTATION 
BY: DATE: ! I l' ,~c:·/ -> 
TE 

FRACTURE ENERGY (FE) = 112m(Vf••-v; .. ) 

where: 

m = weight of pendulum in pounds I 32.2 

Vi = pendulum impact velocity in feet per seocnd 

Vf = pendulum velocity after fracture 

m= 62.11 

Vi= 22.00 

Vf= 20.40 

FE= 4213.5424 FT-LB 4.21 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( WI I g )(Pa • g) 

where: 

WI = weight of pendulum In pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

WI= 

Pa= 

PF= 

4000 

5.1 

20400 LB 20.4 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

VI = 

Vf = 

Ti = 

Tf = 

Ti = time at impact in seocnds 

Tf = time at FE in seocnds 

22.00 

20.40 

0.00 

0.035 

o. 742 FT 8.904 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE!d 

FE= 4.21 

d = 0.74 

Favg= 5.68 KIPS 
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PROJECT NO.: 00.3906 
SPONSOR: '· MICHIGAN DEPARTMENT OF TRANSPORT A T10N 
PROJECT TmE: EVALUATION OF niE DYNAMIC STRENGni OF GUARDRAIL POSTS 

MADE FROM RECYCLED PLASTICS 

Test Date: I! bee- 12-

SPECIMEN DATA 
Specimen Nurrber: u.J-/1 
Specimen Weight b ,;,-

Moisture Content after test /f),J, 
..... 

MASS DATA 
Mass Weight: ,/ff)tf)O 
Mass ifr4lacl Velodty: 
Mass Velodty Change: 

Z:"2-
3 5-

TEMPERATURE EFFECTS 
AmbientT~: Z4 
Specimen T~ ·before test oe 
Specimen T~ ·after test t.U.. 

TEST RESULTS 
Fradllre Energy: g,9 
Post Dlsplacrnent During 111ll&Ct '"·~ Peak Face: }~. l-
Avetage Face Dumg inlJatt '7 

COMMENTS: 

Testing Otfidal: 

Material Type: 

lbs 

o/o 

pams 
It/sec u 
It/sec 

G 

L 

degeesF 
5 

degeesF 
degeesF 

lb-ft 
in 
lbs 
lbs 

(J}tPOb 

~ ""' ~ ~ 

6" 

6" 

""' ~ 1 

72" 

"" WOOD & PLASTICS 

U:15~ 2 7?/, 3Sj 4 74 
G:1..s-J;; 2 7}9 3slf 47~ 
L: 1 S";:t 2 2J4. 3G"'4 4 7 ~ 
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PENDU M CALCULATIONS· MICHIGAN DEPARTMENT OF TRANSPORTATION 

BY: l DATE: /1 V.!<~ 9 Z,. 

FRACTURE ENERGY (FE) = 112m(Vf .. ·Vi'') 

where: 
m = weight of pendulum in pounds I 32.2 

Vi = pendulum impact velocity in feet per second 

Vf = pendulum velocity after fracture 

m= 
Vi= 

Vf= 

62.11 

22.00 

18.50 

8804.0925 FT·LB 8.80 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 

wt = weight of pendulum in pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

WI= 

Pa= 

4000 

4.8 

19200 LB 19.2 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((VI+Vf)I2)(TI-Tf) 

where: 

Vi= 
Vf = 

Ti = 

Tf = 

Ti = time at impact in seconds 
Tf = time at FE in seconds 

22.00 

18.50 

0.00 

0.045 

0.91125 FT 

AVERAGE FORCE DURING IMPACT (Favg) = FE!d 

FE= 8.80 

0.91 

Favg= 9.66 KIPS 

10.935 IN 



PROJECT NO.: 06-3906 
SPONSOR: '· MICHIGAN DEPARTMENT OF TRANSPORTATION 
PROJECT TmE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED P\.ASTICS 

Test Date: I I 6r3"'c... 9z_ Testing Official: 

SPECIMEN DATA r.J 
Specimen Number: f L Maliefiaj Type: 

Specimen Weight &.7 bs 

Moislure Content after test L.3,4 'Yo 

MASS DATA 
4-oOO ~Weilght. polmds 

Mass lrJllad Velodty: '2'2.. It/sec 
Mass Velodty Change: It/sec 

TEMPERATURE EFFECTS 
ArmentT~: 74-EZ de\1MSF 
Specimen T~- before test lJC.. degrees F 
Spedmel• T~ ·after test U.k. de\1MSF 

u 

G 

L 

5 

~ ~ ~ ~ 

6" 

6" 

I~ ~ 
1 

72" 

" WOOD & PLASTICS 

U:l~-~ 2 )'J-(f 3 s-+4 f~ 
G: ,s~ 2 71-$ 3S"'.% 47?¥ 
L: 1 S'~ 2J4 3,$~ 4 7}!t 
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PENDU M CALCULATIONS· MICHIGAN DEPARTMENT OF TRANSPORTATKJN 

BY: DATE: I ( D,/c..- 12.... 

FRACTURE ENERGY (FE) = 112m(Vf"·Vi") 

where: 
m = weight of pendulum in pounds I 32.2 

Vi = pendulum impact velocity in feet per seocnd 

Vf = pendulum velocity after fracture 

m= 62.11 

Vi= 22.00 

Vf= 20.1 0 

FE= 4968.1789 FT-LB 4.97 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa ' g) 

where: 

wt = weight of pendulum in pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

WI= 

Pa= 

PF= 

4000 

5.1 

20400 LB 20.4 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

Vi = 

Vf = 

Ti = 

Tf = 

Ti = time at impact in seconds 
Tf = 1ime at FE in seocnds 

22.00 

20.1 0 

0.00 

0.045 

0.94725 FT 11.367 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 4.97 

0.95 

Favg = 5.24 KIPS 



PROJECT NO.: 06-3906 
SPONSOR: '· MICHGAN OEPAfffi.AENTOFTRANSPORTATlON 
PROJECT TmE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PlAS11CS 

Testing Offldal: 

SPECIMEN DATA 
Specimen Number: _ _,W=-'-'{ 3::;._ ____ Material Type: 

Specimen Weight !e q lbs 

Moislure Content after test 

MASS DATA 
Mass Weight 
Mass ~Velocity: 
Mass v~ Change: 

4tx9 0 p<Ulds 
-~"-"':..,_:----It/sec 

----!..' ·:....:9 ___ ftlsec 

TEMPERATURE EFFECTS 
AmbientT~: 
Specimen T~- before test 
Specimen T~- after test 

COMMENTS: 

u 

G 

L 

5 

v f 

6" 

6" 

72" 

- ~ 
WOOD & PLASTICS 

U:l 5)1 2 7~ 3 St} 4~ 
G:l.Q&. 2 7~ 3~ 4~ 
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PENDl.M CI\LCULA TIONS - M. ICHIGAN DEP~RTMENT OF TRANSPORTATION 
BY: ,W[ DATE: /-z--;.:;,(2-

TEST o. W-13 

FRACTURE ENERGY (FE) = 112m(Vf••-v1••) 

where: 
m = weight of pendulum In pounds I 32.2 

Vi = pendulum impact velocity in feet per second 

Vf = pendulum velocity after fracture 

m= 

Vi= 

Vf= 

FE= 

62.11 

22.00 

20.1 5 

4843.1825 FT-LB 4.84 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 

wt = weight of pendulum In pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

Wt= 

Pa= 

PF= 

4000 

4.9 

19600 LB 19.6 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

VI = 

Vf = 

Ti = 

Tf= 

Ti = time at impact in seconds 
Tf = time at FE in seconds 

22.00 

20.1 5 

0.00 

0.025 

0.526875 FT 

AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 4.84 

0.53 

Favg = 9.19 KIPS 

6.3225 IN 
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PROJECT NO.: ('6.39)6 
SPONSOR: . MICHIGAN DEPARTMENT OF TRANSPORTATION 
PROJECT TffiE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FFK)M RECYCLED PLASTICS 

Test Date: / L -/ ~r· l "2. 

SPECIMEN DATA 
Specimen Nwrber. wr !/-
Specimen Weight 43 

Moislure Content after test 1/f & 

MASS DATA 
Mass Weiglll: (f.poo 
Mass ~ Velocity: 'Z. "L 
Mass Velocity Change: z_., 

TEMPERATURE EFFECTS 
AmbientT~: ~I 
Specimen T~ · be1cre test - ,~:i 
Specimen T~ ·after lest ZD 

TEST RESULTS 
FradUnl Energy: ~~ j-
Post Dispjacment Dumg lr1'1)8Ct ;."R 
Peak Force: '2. .!', 0 

Avetage Force Dumg lmp«:t .,,r 

COMMENTS: 

Testing Offlciaj: 

Material Type: 

lbs 

o/o 

po.r.ds 
It/sec u 
It/sec 

G 

L 

degeesF 
5 

degeesF 
degrees F 

..ll>fl' Ct·-t c., 'f'S. 
in 

Jl&o'<•P' 
tle-Ktp~ 

~ 

6" 

6" 

""' ""' 'Z 

'""' ""' 1 

72" 

" WOOD & PLASTICS 
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L: 1 ..lJ.t z2~ 3..5~ 4.7..lJJ.. 

5: 2La.. 



CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION 
DATE: (Z,-r~·-11-

FRACTURE ENERGY (FE) = 112m(Vf••-VI .. ) 

where: 

m = weigh1 of pendulum in pounds I 32.2 

VI = pendulum impact velocity in feet per second 

Vf = pendulum velocity after fracture 

m= 62.11 

Vi= 22.00 
Vf= 19.90 

FE= 5465.0589 FT-LB 5.47 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 
wt = weight of pendulum in pounds 

g = 32.2 
Pa = maximum accelerations attained during fracture 

WI= 

Pa= 

PF= 

4000 

5 

20000 LB 2 0 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

VI = 

Vf = 

Tl = 

Tf= 

Ti = time at Impact In seconds 

Tf = time at FE in seconds 

22.00 

19.90 

0.00 

0.035 

0.73325 FT 8.799 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 5.47 

0. 73 

Favg= 7.45 KIPS 
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PROJECT NO.: 06-3906 
SPONSOR: '· 
PROJECT TmE: 

MICHGAN DEPAFITMENT OF TRANSPORT AnoN 
EV ALUATlON OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 
MADE FROM RECYCLED PLASTICS 

Test Date: I 2_- I ::0-- 7 2--

SPECIMEN DATA 
Specimen Number: v...JtS' 
Specimen Weight: (...C.. 

Moislln Content after test /.!>- ,/f 

MASS DATA 
Mass Weight: qoco 
Mass ~ Velodty: 'Z- .._ 
Mass Velodty Change: 2,D5 

TEMPERATURE EFFECTS 
An'tlientT~: !2:2-
Specimen T~ • belae test - 3.!> -
Specimen T~ ·after test -!7 

TEST RESULTS 
Frac:lure Enelgy: ...s: 3 
Post Disp4aanent Outing I~ ~;j! 
Peak Force: '2- :!', ~ 
Awrage Force Our'r1g lmplld: /,3 

COMMENTS: 

Testing Official: 

Matelial Type: 

lbs 

% 

pclU\dS 
ftlsec u 
ftlsec 

G 

L 

degeesF 
5 

degoees F 
degeesF 

lb-ft 
i'l 
lb8 
lb8 

p 

~ ""- ~ ~ 

6" 

6" 

1"'-- I~ 
1 

72" 

""' WOOD & PLASTICS 

u:1 .;;-.$z 7)? 3 S'J.v 4 7~ 
G: 1 S~ z.:l!i 3i!!_ 4/_% 

1.: d'?1 z7 ~ ~ 4l?t 
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PEND UM CALCULATIONS- MICHIGAN DEPARTMENT OF TRANSPORTATION 
BY: ~'-<. DATE: /Z. ·(.>',92.. 

FRACTURE ENERGY (FE) = 112m(Vf .. ·Vi .. ) 

where: 

m = weight of pendulum In pounds I 32.2 

Vi = pendulum Impact velocity In feet per seccnd 

VI = pendulum velocity after fracture 

m= 

VI= 

VI= 

FE= 

62.11 

22.00 

19.95 

5341.3047 FT-LB 5.34 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa ' g) 

where: 
wt = weight of pendulum in pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

WI= 

Pa= 

4000 

5.2 

20800 LB 20.8 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(TI-Tf) 

where: 

Vi = 

Vf = 

Tl = 

Tf= 

Ti = time at impact in seconds 
Tf = time at FE in seconds 

22.00 

19.95 

0.00 

0.035 

0.734125 FT 8.8095 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE!d 

FE= 5.34 

0.73 

Favg= 7.28 KIPS 



PROJECT NO.: C6-3906 
SPONSOR: .. MICHGAN DEPARTMENT OF TRANSPORT A T10N 
PROJECT TmE: EY ALUATlON OF THE DYNAMIC SIRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PlAST1CS 

Test Date: (?: - I_,~_ '/ 'Z-

SPECIMEN DATA 
Specimen Number: l.U/{p 

Specimen Weight ~£(-

MoistUre Content after test /~, 2 

MASS DATA 
Mass Weight /foOD 
Mass ~ Velodty: 1:.-"'L. 

Mass Veit:xi.tf Change: .3, I 

TEMPERATURE EFFECTS 
AnbentT~: [__,?_ 

Specimen T~ • be4ofe test '9?' 
Specimen T~ ·after test -2-1 

COMMENTS: 

Testing Official: 

Material Type: 

lbs 

o/o 

pounds 
fVsec u 
fVsec 

G 

L 

degrees F 
5 

deglees F 
degrees F 
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6" 
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C LCULATIONS- MICHIGAN DEPARTMENT OF TRANSPORTATION 
DATE: /C .. -(:,-;q?-

FRACTURE ENERGY (FE) = 112m(Vt••-vi .. ) 

where: 
m = weight of pendulum in pounds I 32.2 

Vi = pendulum Impact velocity in feet per second 

Vf = pendulum velocity after fracture 

m= 

Vi= 

Vf= 

FE= 

62.11 

22.00 

1 8.90 

7874.9269 FT-LB 7.87 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( WI I g )(Pa • g) 

where: 

WI = weight of pendulum in pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

WI= 

Pa= 

PF= 

4000 

5.4 

21600 LB 21 .6 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

Vi = 

Vf = 

Ti = 

Tf = 

Ti = time at impact in seconds 

Tf = time at FE in seconds 

22.00 

1 8.90 

0.00 

0.030 

0.6135 FT 7.362 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE!d 

FE= 7.87 

d= 0.61 

Favg = 12.84 KIPS 
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PROJECT NO.: 0&-3906 
SPONSOR: '· MICHKlAN DE?ARl'MENT OF TRANSPORTATION 
PROJECT Tm.E: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PlASTlCS 

Test Date: ( 2 -/(a ~ 9 ?_ 

SPECIMEN DATA 
Specimen Nuntler. L&2- (7 

Specimen Weight: ~3 

MoisiLI'e Content after test Lq, (p 

MASS DATA 
Mass Weight: fi.fXJ6 
Mass ~ Velocity: :Zk 
Mass Velodly Change: /,I!.,. 

TEMPERATURE EFFECTS 
AmbientT~: 0~ 
Specimen T~- bela& test - ~:t 
Specimen T~- after test /!.,.. 

COMMENTS: 

Testing Officiaj: 

Material Type; 

lbs 

% 

pou1ds 
ft/sec u 
ft/sec 

G 

L 

degeesF 
s 

degeesF 
degeesF 

~ 

6" 

6" 

~ ~ ~ 
~ I~ 

1 

72 
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PENDUL C,ALCULATIONS- MICHIGAN DEPARTMENT OF TRANSPORTATION 
BY: ' 1//-, DATE: f (.~(C.~"''-

FRACTURE ENERGY (FE) = 112m(Vf .. ·Vi .. ) 

where: 

m = weight of pendulum in pounds I 32.2 

Vi = pendulum impact velocity in feet per seocnd 

Vf = pendulum velocity after fracture 

m= 62.11 

Vi= 22.00 
Vf= 20.25 

FE= 4592.2581 FT-LB 4.59 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa ' g) 

where: 

wt = weight of pendulum In pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

Wt= 

Pa= 

PF= 

4000 

4.8 

19200 LB 19.2 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tt) 

where: 

Vi = 

Vf = 

Ti = 

Tf = 

Ti = time at impact In seconds 
Tf = time at FE in seconds 

22.00 

20.25 

0.00 

0.020 

0.4225 FT 5.07 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 4.59 

d= 0.42 

Favg= 10.87 KIPS 



PROJECT NO.: 
SPONSOR: '· 
PROJECT TmE: 

00.3906 
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PENDU 1M CA!-CULA TIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION 
BY: ', wvt DATE: I 2.·/ (,- 7 L 

TES 

FRACTURE ENERGY (FE) = 112m(Vt••-Vi .. ) 

where: 

m = weight of pendulum in pounds I 32.2 

VI = pendulum impact velocity in feet per seocnd 

VI = pendulum velocity alter fracture 

62.11 

22.00 

20.50 

3959.5125 FT-LB 3.96 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 

wt = weight of pendulum in pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

PF= 

4000 

4.5 

1 8000 LB 1 8 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

Vi = 

VI= 

Ti = 

Tf = 

Ti = time at impact in seocnds 

Tf = time at FE in seconds 

22.00 

20.50 

0.00 

0.020 

0.425 FT 5.1 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE!d 

FE= 3.96 

0.43 

Favg = 9.32 KIPS 



PROJECT NO.: 06-3906 
SPONSOR: .. MICHk3AN DEPARTMENT OF TRANSPORT ATlON 
PROJECT TmE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PLASTlC:S 

Testing Officiaj: 

SPECIMEN DATA 
Specimen Nurrtler: __ --LM....:~~~--- Matenal Type: 

Specimen Weight: --L/3~)-___ Ibs 

Moisture Content after test: 

MASS DATA 
Mass Weight: 
Mass frr4lad Velocity: 
Mass Velodtf Change: 

-
____!,;AJ+IJ Au. __ % 

I 

TEMPERATURE EFFECTS 
ArrOent Tempe aue: /, f degees F 
Specimen T~ · belol9 test ~ degiees F 
Specimen T~ ·after test 7p degees F 

u 

G 

L 

5 

TEST RESULTS 
FradUre Energy: a: L/ H rr 1 ~e, i>< 
Post""""'~ During....._... o in ,. ~.,.,......,~,. "'...--·---:~9·~>;-jl. -- 'A 
Peak Force: tlf. /, II& K1r5 
A~ Force During Impact 7, 3 tJe"' I<' 1" ., 

~ ' ""' ~ 

6" 

6" 

""' 

"Z 
I~ 

1 

72' 



PENDULUM CALCULATIONS- MICHIGAN DEPARTMENT OF TRANSPORTATION 

BY: DATE: ---
TEST No. PC-l 

FRACTURE ENERGY (FE) = 112m(Vf••-Vi") 

where: 

m = weight of pendulum in pounds I 32.2 

Vi = pendulul impact velocity in feet per second 

Vf = pendulum velocity after fracture 

m= 
Vi= 

Vf= 

62.11 

22.00 

19.94 

5366.0804 FT-LB 5.37 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 
wt = weight of pendulum in pounds 

g = 32.2 
Pa = maximum accelerations attained during fracture 

PF= 

4000 

4.9 

19600 LB 19.6 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

Vi= 
Vf = 

Ti = 

Tf = 

Ti = time at impact in seconds 

Tf = time at FE in seconds 

22.00 

19.94 

0.00 

0.035 

0. 73395 FT 8.8074 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE!d 

FE= 5.37 

d= 0.73 

Favg = 7.31 KIPS 



PROJECT NO.: 00.3906 
MICHIGAN DEPARTMENT OF TRANSPORTATION SPONSOR: '· 

PROJECT TmE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 
MADE FROM RECYCLED PLASTlCS 

Test Date: !J Jtf(_ 9.)- Testing Offlciaj; 

SPECIMEN DATA 
f!t_)_ Specimen Nurrber: Material Type: 

Specimen Weight: /.)~ lbs 

Moisture Content after test /IJu; o/o ~ ""-... ""-
""-... 

MASS DATA 
Mass Weight: 1.. /)() {) pou'lds 
Mass Impact Velocity: .2.2 It/sec u 
Mass Velocity Change: .c. It/sec 6" 

G 

6" 

TEMPERATURE EFFECTS l 

ArrDentT~: (, 1.1/. degees F 
5 

Specimen T~ • belore test 7J I if degees F 

""" Specimen T~ ·after test 7#.1,. degee&F 

3 pu= 
I 

~ 
~ 

1 

72" 



M CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION 

DATE: tz,(loj'f2. 

FRACTURE ENERGY (FE) = 112m(Vt••-Vi") 

where: 

m = weight of pendulum In pounds I 32.2 

Vi = pendulul Impact velocity in feet per second 

VI = pendulum velocity after fracture 

m= 

Vi= 

VI= 

FE= 

62.11 

22.00 

20.45 

4086.682 7 FT -LB 4.09 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 
wt = weight of pendulum in pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

WI= 

Pa= 

PF= 

4000 

4.5 

18000 LB 1 8 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+VI)12)(Ti-TI) 

where: 

Vi = 

VI= 

Ti = 

Tf = 

Ti = time at impact in seconds 
Tf = time at FE in seconds 

22.00 

20.45 

0.00 

0.030 

0.63675 FT 7.641 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE!d 

FE= 4.09 

d = 0.64 

Favg = 6.42 KIPS 



PROJECT NO.: 00.3906 
SPONSOR: . MICHIGAN DEPARTMENT OF TRANSPORTATION 
PROJECT TmE: EVALUATION OF niE DYNAMIC STRENGni OF GUARDRAIL POSTS 

MADE FROM RECYClED PLASTlCS 

Testing Offidaj; 

SPECIMEN DATA 
Specimen Number: ----~~~~~3 _____ M~T~: 
Specimen Weight: --~~~.1~~~-------~ 

Moisture Content after test 

MASS DATA 
Mass Weight: 
Mass Impact Velocity: 
Mass Velocity Change: 

TEMPERATURE EFFECTS 
Ambient Ternperallle: 
Specimen T~ · belonl test 
Specimen T~ ·after test 

TEST RESULTS 

7..2. degees F 
?1,(, degees F 
71 degeesF 

Fracture Energy: 3. 'f W .FJ.. i:tp• 
Part Disp1acment During lflli8CI:. __ _.3~,.!L3,.----In 
Peak Force: e?q. I lbs l<:ifJ 

Average Force During Impact '". 4 tJttt K r 1' > 

u 

G 

L 

5 

~ 

6" 

6" 

f".. ""' ""' 

""' 

~ 
~ 
1 

72" 

COMMENTS: 
~~-------------------------------------------



FRACTURE ENERGY (FE) = 112m(Vf .. -Vi .. ) 

where: 
m = weight of pendulum in pounds I 32.2 

Vi = pendulul Impact velocity in feet per second 

Vf = pendulum velocity attar fracture 

m= 62.11 
Vi= 22.00 

Vf= 20.72 

FE= 3396.2742 FT-LB 3.40 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 
where: 

wt = weight of pendulum in pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

PF= 

4000 

5.2 

20800 LB 20.8 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

Vi= 

Vf = 

Tl = 

Tf= 

Ti = time at impact in seconds 
Tf = time at FE in seconds 

22.00 

20.72 

0.00 

0.01 5 

0.3204 FT 3.8448 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE!d 

FE= 3.40 

0.32 

Favg = 10.60 KIPS 



PROJECT NO.: 00.3906 
SPONSOR: .. MICHIGAN DEPARTMENT OF TRANSPORTATION 
PROJECT TffiE: EVALUATION OF 11-iE DYNAMIC STRENG11i OF GUARDRAIL POSTS 

MADE FROM RECYCLED PLASTICS 

Test Date: (/ f) I<./ Cj ;.J..-- Testing Officiaj: 

SPECIMEN DATA 
Specimen Number: j}c_ t./ Material Type: 

__ ...£.1.::::.)...!....1'!.::::.5";__ __ ,bs Specimen Weight: 

Moisture Content after test: 

MASS DATA 
Mass Weight: 
Mass Impact Velocity: 
Mass Velocity Change: 

--!!t~J__:.;j.!.!..A -- o;. 

it:RTV pou1ds -~....!!<;.;,,-=---- ftisec 

--'''-'-'-")'----- ftisec 

TEMPERATURE EFFECTS 
Ambient Temperalln: 
Spedmen T empera1Ln • belo!e test 
Specimen T~ ·after test: 

TEST RESULTS 

(p 7 deg'ees F 
~deg'eesF 

7/ deg'eesF 
• 

Fracture Energy: 3 . 4 llf:fr If'- k, l' $ 

Post Disp1acrnent During 1111*t s; I in 
Peak Faroe: ·---¥/ 1!;-..<---~ 1<1 p..s 
A 'Mage Faroe During Impact X. 0 lbs 

COMMENTS: ~ t4:r11 ~ '' 

u 

G 

L 

5 

~ 

6" 

6" 

~ ""' "' 

"-.. 

"'Z 

"' I 

72' 



FRACTURE ENERGY (FE) = 112m(Vf .. ·Vi .. ) 

where: 
m = weight of pendulum in pounds I 32.2 

Vi = pendulul impact velocity in feet per second 

Vf = pendulum velocity after fracture 

m= 

Vi= 

VI= 

62.11 

22.00 

20.72 

3396.2742 FT-LB 3.4 0 FT -KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 

wt = weight of pendulum in pounds 

9 = 32.2 

Pa = maximum accelerations attained during fracture 

Wt= 

Pa= 

4000 

4.5 

18000 LB 1 8 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(TI-Tf) 

where: 

Vi = 

VI = 
Ti = 

Tf= 

_ Ti = time at impact in seconds 
Tf = time at FE in seconds 

22.00 

20.72 

0.00 

0.020 

0.4272 FT 5.1264 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 3.40 

d = 0.43 

Favg = 7.95 KIPS 



PROJECT NO.: 06-3906 
SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORT A TlON 
PROJECT TmE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PlASllCS 

Test Date: .Z:X II ~ rr Testing Official: 

SPECIMEN DATA 
Spedmen Nurroer: f)e:_,;? Material Type: 

) 

Spedmen Weight: 13/J,S lbs 

Moisb.Jre Content after test 1111!1. % 

MASS DATA 
~0 Mass Weight: poll'lds 

Mass Impact Velocity: ~;b. It/sec 
Mass Velocity Change: !, 'i' It/sec 

TEMPERATURE EFFECTS 
Ambient T emper:all.n: 
Specimen T~ ·before test 
Specimen T~ · after test 

COMMENTS: 

(, 1 . cleg'ees F 
::::::zTIC cleg'ees F 

1ft ,&rcleg'ees F 

u 

G 

L 

5 

0-.,_ 

6" 

6" 

"-
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"J/ II 
5:~ 

"-
~ 

"'Z 
I~ 

1 

72' 
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FRACTURE ENERGY (FE) ~ 112m(Vf .. -W.) 

where: 
m ~ weight of pendulum in pounds I 32.2 

Vi ~ pendulum impact velocity in feet per second 

VI ~ pendulum velocity after fracture 

m~ 62.11 
Vi~ 22.00 
VI~ 20.46 

FE~ 4061.2735 FT-LB 4.06 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) ~( wt I g )(Pa • g) 

where: 

wt ~ weight of pendulum In pounds 

g ~ 32.2 

Pa = maximum accelerations attained during fracture 

wt~ 

Pa~ 

PF~ 

4000 

5.3 

21200 LB 21.2 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) ~ ((Vi+Vf)I2)(Ti-Tf) 

where: 

Vi ~ 

VI~ 

Ti ~ 

Tf ~ 

Tl ~ time at impact In seconds 

Tf ~ time at FE in seconds 

22.00 

20.46 

0.00 

0.040 

0.8492 FT 1 0.1904 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) ~ FE!d 

FE~ 4.06 

0.85 

Favg ~ 4. 78 KIPS 



PROJECT NO.: 
SPONSOR: 

0&3906 
MICHIGANOEPARTMENTOFTRANSPORTATlON 

PROJECT TmE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 
MADE FROM RECYCLED PLASTlCS 

Test Date: I I /)u ti.).- Testing Official: 

SPECIMEN DATA 
Specimen Number: __ _,/.t...'J1t:L...!./ ___ Material Type: 

Specimen Weight __ ___,l'-!tJ::....3~ ___ 1bs 

Moisture Content after test: _ _!.,v:..J..j,!..:..'IJ __ % 

MASS DATA 
Mass Weight: 
Mass Impact Velodty: -~d~f'="il.£<.£) __ pounds 

-¥ ,?.;L It/sec 
Mass Velocity Change: --~() __ ltlsec 

TEMPERATURE EFFECTS 
ArrtientT~: 
Specimen T ~- belcle test 
Specimen T~- after test: 

TEST RESULTS 

~1 degeesF 
'/I. £ degees F 
1<2. I degees F 

' 

u 

G 

L 

5 

Fracture Energy: z I 7 JDoft' PT-1-t.> T· 5 

Post Displaanent During 1"1)8CC: ~- z. in 
Peak Force: ·---'"'-', c.;;,=---J¥~k;"f S 

Awmge Force During Impact r;, , 3 )Is-kr f> s 

COMMENTS: 

~ ""'- """ "'-.. 

6" 

6" 

""' 

"Z 
"'-.. 
1 

72" 



FRACTURE ENERGY (FE) = 112m(Vf .. -W.) 

where: 
m = weight of pendulum in pounds I 32.2 

Vi = pendulum Impact velocity in feet per seocnd 

Vf = pendulum velocity after fracture 

VI= 

Vf= 

62.11 

22.00 

20.99 

2696.8t FT-LB 2. 70 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 
wt = weight of pendulum in pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

PF= 

4000 

4.5 

18000 LB 1 8 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

Vi= 

Vf = 

Tl = 

Tf= 

Ti = time at impact in seconds 

Tf = time at FE in seconds 

22.00 

20.99 

0.00 

0.020 

0.4299 FT 5.1588 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 2.70 

0.43 

Favg = 6.27 KIPS 
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PROJECT NO.: 06-3906 
SPONSOR: '· 
PROJECT TffiE: 

MICHIGAN DEPARTMENT OF TRANSPORTATION 
EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 
MADE FROM RECYCLED PLASTJCS 

Test Date: o2f /{# 'j j Testing Officiaj: 

SPECIMEN DATA 
Specimen Nurrber: _.J.T!t-L../._-_I:._ ____ Material Type: 

Specimen Weight: __ bu~.::.L~L· ____ lbs 

Moisture Content after test: 

MASS DATA 
Mass Weight: 
Mass ~ Velocity: 
Mass Velocity Change: 

TEMPERATURE EFFECTS 
Antlient T~: (,.() degees F 
Specimen T~ ·before test ~ degiees F 
Specimen T~ ·after test: ~ degees F 

COMMENTS: 

u 

G 

L 

5 

~ "-.... ~ "'Z 
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6\' 

·"" ~ 1 
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FRACTURE ENERGY (FE) = 112m(Vf"·Vi") 
where: 

m = weight of pendulum In pounds I 32.2 

Vi = pendulum impact velocity in feet per second 

VI = pendulum velocity after fracture 

m= 62.11 

Vi= 22.00 

VI= 21 .05 

FE= 2540.143 7 FT·LB 2.54 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa ' g) 

where: 

wt = weight of pendulum In pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

PF= 

4000 

5.3 

21200 LB 21.2 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

Vi = 

VI= 

Ti = 

Tf= 

Ti = time at impact in seconds 

Tf =time at FE in seconds 

22.00 

21 .05 

0.00 
0.035 

0.753375 FT 9.0405 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 2.54 

0. 75 

Favg = 3.37 KIPS 
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PROJECT NO.: 06-3906 
SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION 
PROJECT TmE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PLASTICS 

Test Date: .;u{ f'£.§ "Jj 

~:o~~u~?ATA TIJ-~ MateriaJType: 

Specimen Weight: _ __./:....":....t.(.!-____ lbs 

Moisture Content after test: 

MASS DATA 
Mass Weight: 
Mass Impact Velodty: 
Mass Velodty Change: 

_.t...:.;U..!.:./A..:..___% 

--'"~'-@~(),---pounds 
__ .,.2'-'J~F---ft/sec 
__ ..J..L1:.0:___ __ fllsec 

TEMPERATURE EFFECTS 
Ambient T emperatu'e: 
Specimen T erJ1lelalllre - before test 
Specimen T erJ1lelaiUre -after test: 

COMMENTS: 

u 
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L 
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PENDU M CAlfULATIONS- MICHIGAN DEP~RTMENTOFTRANSPORTATION 
BY: !" _.-ft :;)_~-/.. .• ---~DATE: ;2./··-:-:n-4~:-1 

, r . r I 
TEST o. TA-2 i . 

" 

FRACTURE ENERGY. (FE) = 1/2m(Vf .. -Vi .. ) 

where: 

m = weight of pendulum in pounds I 32.2 

Vi = pendulum impact velocity In feet per second 
Vf = pendulum velocity after fracture 

m= 

Vi= 

Vf= 

62.11 

22.00 

21 .1 0 

2409.2469 FT-LB 2.41 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt/ g )(Pa • g) 

where: 

w1 = weight of pendulum in pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

WI= 

Pa= 

PF= 

4000 

5.6 

22400 LB 22.4 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)/2)(Ti-Tf) 

where: 

Vi= 
Vf = 

Ti = 

Tf = 

Ti = time at impact In seconds 
Tf =time at FE In seconds 

22.00 

21 .1 0 

0.00 

0.015 

0.32325 FT 3.879 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE!d 

FE= 2.41 

0.32 

Favg = 7.45 KIPS 
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PROJECT NO.: 06-3906 
SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION 
PROJECT TffiE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PLASTICS 

Test Date: .,v/ N "1.) Testing Official: 

SPECIMEN DATA 
Specimen Number: TIJ - 3 Material Type: 

Specimen Weight: ----</..::C>,....::?r:.._ ____ lbs 

Moisture Content after test: 

MASS DATA 
Mass Weight: 
Mass Impact Velocity: 
Mass Velocity Change: 

TEMPERATURE EFFECTS 
AmbientT~: =it degrees F 
Specimen Temperature - before test: degrees F 
Specimen T~- after test: I, degrees F 

TEST RESULTS 

u 

G 

L 

5 

Fracture Energy: '2... • 4:> J.b-11' /!1 .. !<: ;.> ,, 
Post Displaanent During 1"1)8Ct. __ -;;:~~·::"'C.."-:;--in 
Peak Force: -:;,. -:~. ![ Jbs' ,: P'? 
Average Force During Impact: I '"2.- .17 Jbs'l,·, 7v, 

~ " " ~ ""' 1"'-
1 

6" 72" 

6" 

""' WOOD & PLASTICS .?.: 
J'/ (j II /_If 7'/ffl/ 

U:1~ 2~ J___y:_ 4 ____ _ 

I If d r• j_f< 719" 
G: ,_r,_ z_1_ 3-..:f:.-- 4 __ 

I II I'll /." 7 ?r'; 
L: 1_V1_ z_O_ 3_'f'_ 4 

,Pt:, It 
5:--

COMMENTS: 
-~~---------------------



PENDUlUM CALCULATIONS- MICHIGAN DEPARTMENT OF TRANSPORTATION 
• I, ,·f, ; . . ""!"'" '! rc· BY. & . ~,&c( -- DATE: - ,/ . ..•. 

TESYNO. i A-3 ;! I 

FRACTURE ENERGY (FE) = 112m(Vf''-VI'') 

where: 

m = weight of pendulum in pounds I 32.2 

Vi = pendulum Impact velocity in feet per second 

Vf = pendulum velocity after fracture 

m= 62.11 

Vi= 22.00 

Vf= 21.02 

FE= 2618.5328 FT-LB 2.62 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 

wt = weight of pendulum in pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

WI= 

Pa= 

PF= 

4000 

5.7 

22800 LB 22.8 KIPS 

POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

VI = 

Vf = 

Tl = 

Tf= 

Ti = time at impact in seconds 

Tf = time at FE in seconds 

22.00 

21 .02 

0.00 

0.01 0 

0.2151 FT 2.5812 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 2.62 

d = 0.22 

Favg= 12.17 KIPS 



PROJECT NO.: C&-3906 
SPONSOR: '· MICHIGAN DEPARTMENT OF TRANSPORT A TlON 
PROJECT TmE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PLASTlCS 

Test Date: D <E"'C. 3 , 9 C. Testing Official: 

SPECIMEN DATA 
Specimen Nun'tler: _ _::S~ _____ Material Type: 

Spedmen Weigtt: :;-a 
--~''------'bs 

Moisture Content after test _ ...... M..l£/.r4 ....... __ % 

MASS DATA 
Mass Weight 4oo o J)Oll'1ds 
Mass ~ Vekx:lty: "2-t=.o It/sec 
Mass Velocity Change: ftlsec ~~ 

TEMPERATURE EFFECTS 
ArrbientT~: .s-' degeesF 
Specimen T~- before test -<:~ degeesF 
Specimen T~- alter test !..1:. degeesF 

TEST RESULTS 
Fracture Energy: /2, I 1bo1t' IJtf~q r s 
Post Dispiacment During llll*t '!,4 In 
Peak Fcroe: ~3. '2... .., k./rs 
Average Fcroe During ir'rlpact: rs:4 Jalr~i'PS 

COMMENTS: 

u 

G 

L 

5 

<L ;t 1 / Hr 

~ 'J "'Z 

6" 

6" 

~ ~ 
1 

72" 

'-

STEEL 

U:l_i_ 2~ 3_±_ 4_k_ 

G: 1__j_ 2~ 3_!!:__ 4~ 
L: ,_j:_ 2_k_ 3_!1_ 4~ 

5:~ 



FRACTURE ENERGY (FE) = 1/2m(Vf••-Vi .. ) 

where: 

m = weight of pendulum in pounds I 32.2 

Vi = pendulul impact velocity in feet per second 

Vf = pendulum velocity after fracture 

m= 

Vi= 

Vf= 

FE= 

62.11 

22.00 

17.03 

12048.042 FT-LB 12.05 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt/ g )(Pa • g) 

where: 

wt = weight of pendulum in pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

WI= 

Pa= 

PF= 

4000 

5.8 

23200 LB 23.2 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((VI+Vf)/2)(Ti-Tf) 

where: 

Vi = 

Vf = 

Tl = 

Tf= 

Ti = time at impact in seconds 
Tf = time at FE in seconds 

22.00 

17.03 

0.00 

0.04 

0.7806 FT 9.3672 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 12.05 

d= 0.7806 

Favg = 15.43 KIPS 



PROJECT NO.: C&3906 
SPONSOR: ' 
PROJECT TTT!.E: 

MICHIGAN DEPARTMENT OF TRANSPORTATION 
EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 
MADE FROM RECYClED PLAST1CS 

Testing Officiaj: 

SPECIMEN DATA 
Specimen Nurrber: S - 2_ Material Type: 

Specimen Weiglt: _ _;;s-~c;-_____ lbs 

Moisti.Jre Content after test 

MASS DATA 
Ma<;s Weight 1_()6)() pards 
Mass lrTlJad Velodty: :;:: ;::. I Q It/sec 
Mess Velodty Change: 3,a:: ftlsec 

TEMPERATURE EFFECTS 
AIT'DentT~: .s-z deg'ees F 
Specimen Tempemll.nt ·before test -~cg deg'ees F 
Specimen T~ ·after test -IC.. deg'ees F 

TEST RESULTS 
Fradi.Jre Energy: 9, q !P-tf ~r-k,ps 
Poot Dispiaanent During lf11)IICt g,~ in 
Peak Fcrca: zz.,q tldk/l'..S 
AvenlQEI Fcrca During Impact /3,/f ~(~$ 

COMMENTS: 

u 

G 

L 

5 

~ 'J ~ 

6" 

6" 

~ ~ 
1 

72' 

I 

..._ 

STEEL 

U:1_!f__ 2~ 3_1_ 4--.-L 

G· 1 q 2 " · 3 4 4 C, ·--------
L: 1_!/:_ 2_£,_ 3~ •....k.. 
5:~ 



FRACTURE ENERGY (FE) = 112m(Vf"·W·) 

where: 

m = weight of pendulum In pounds I 32.2 

VI = pendulul impact velocity in feet per second 

Vf "" pendulum velocity after fracture 

m= 62.11 

VI= 22.00 

Vf= 18.23 

FE= 9420.0436 FT-LB 9.42 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 

wt = weight of pendulum In pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

WI= 

Pa= 

PF= 

4000 

5.6 

22400 LB 22.4 KIPS 

POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

Vi = 

Vf = 

Ti = 

Tf = 

Ti = time at impact in seconds 

Tf = time at FE in seconds 

22.00 

18.23 

0.00 

0.04 

0.704025 FT 8.4483 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 9.42 

0. 70 

Favg = 13.38 KIPS 
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PROJECT NO.: CMl-3906 
SPONSOR: ' 
PROJECT TmE: 

MICHIGAN DEPARTMENT OF TRANSPORTATION 
EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 
MADE FROM RECYCLED PLAS1lCS 

Test Date: D C:C. 3 9 '- . 
' 

Testing Offidal: 

SPECIMEN DATA 
Specimen NuiTtler: _ ___;S==-...:3::..._ ____ Material Type: 

Specimen Weigti: _s-Lt 
-----~'-----'~ 

Moisture Content after test ___:_AlA= __ % 

MASS DATA 
Mass Weight Lfeoo pooods 
Mass~ Velodty: z~.o fl/sec 
Mass Velocitf Change: 1:.-1::. fl/sec 

TEMPERATURE EFFECTS 
AlrtlientT~: s-;;~ degrees F 
Specimen T~ ·before test -~ degrees F 
Specimen T~ ·after test -.Jc.. degrees F 

u 

G 

L 

5 

~ ~ ~ 

6" 

6" 

""' ""' 1 

72" 

-

STEEL 

u:1..J::.._. 2_L 3....!1____ 4_j,_ 

G: ,..d._ 2~ 3_!t__ 4...J£_ 

L: 1_!}_ 2~ 3_i__ 4~ 

5: -z.:y. 

COMMENTS: 
~~~-----------------------------------



PEND LUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION 

A DATE: /2.-3.-9<-

FRACTURE ENERGY (FE) ~ 112m(Vf••-Vi .. ) 

where: 
m ~ weight of pendulum in pounds I 32.2 

Vi ~ pendulul impact velocity in feet per second 

Vf ~ pendulum velocity after fracture 

m~ 

Vi~ 

Vf~ 

FE~ 

62.11 

22.00 

17.64 

10734.496 FT-LB 10.73 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) ~( wt I g )(Pa • g) 

where: 
wt ~ weight of pendulum In pounds 

g ~ 32.2 

Pa = maximum accelerations attained during fracture 

Wt= 

Pa~ 

PF~ 

4000 

5.5 

22000 LB 2 2 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) ~ ((Vi+Vf)I2)(Ti-Tf) 

where: 

Vi ~ 

Vf ~ 

Ti ~ 

Tf ~ 

Ti = time at impact in seconds 
Tf ~time at FE in seconds 

22.00 

17.64 

0.00 

0.035 

0.6937 FT 8.3244 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) ~ FE/d 

FE~ 10.73 

d~ 0.69 

Favg~ 15.47 KIPS 



!'· j 

PROJECT NO.: 06'3906 
SPONSOR: ' 
PROJECT 7TTl.E: 

MICHIGAN DEPARTMENT OF TRANSPORT A T10N 
EVAlUATlON OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 
MADE FROM RECYCLED P\..AS'TlCS 

T~Date: /2- "3-9L 

SPECIMEN DATA 
Specimen Nurrber: :S - 4 
Spedmen Weigti: 53.s 

Moisture Content after test ~ 
MASS DATA 
M$11 Weigl'lt: qo60 
Mass Jmpaa Velocity: z-z. .. o 
Mass Velocity Change: 4/ 

TEMPERATURE EFFECTS 
Ambient Tempealln: r"ol 
Specimen T~- before test .3"' 
Specimen T~- after test -17 

TEST RESULTS 
Fradure Energy: //), u. 
Post Displaanent During IIJ1llld: :z," 
Peak Face: 2 z.., ~ 
Average Face Dt.mg Impact I Z, 7 

COMMENTS: 

Testing Official: 

Material Type: 

lbs 

% 

pcu1ds u 
It/sec 
It/sec G 

L 

5 

degr8as F 
degr8as F 
degr8as F 

WJ!f-f<t?S 
in 
Jle' f<ii"" 
J:lll k.,ps 

~ """"'-J ""Z 

6" 

6" 

I""- "'-. 
1 

72" 

-

STEEL 

U: 1....!t... 2 ~ 3___!L 4~ 

G: 1_!f_ 2~ 3....!j_ 4......k_ 

L: ,.A_ 2-.-.k_ 3__!j_ 4___f£._ 

5:~ 



FRACTURE ENERGY (FE) ~ 112m(Vf''-Vi") 

where: 

m ~ weight of pendulum in pounds I 32.2 

Vi ~ pendulum impact velocity in feet per second 

Vf ~ pendulum velocity after fracture 

m~ 

Vi~ 

Vf~ 

FE~ 

62.11 

22.00 
17.92 

10116.079 FT-LB 10.12 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) ~( wt I g )(Pa ' g) 
where: 

wt ~ weight of pendulum in pounds 

g ~ 32.2 

Pa = maximum accelerations attained during fracture 

wt~ 

Pa~ 

PF~ 

4000 

5.7 

22800 LB 22.8 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) ~ ((VI+Vf)I2)(Ti-Tf) 

where: 

Vi ~ 
Vf ~ 

Tl ~ 

Tf~ 

Tl ~ time at impact in seconds 

Tf ~ time at FE in seconds 

22.00 

17.92 

0.00 

0.040 

0. 7984 FT 9. 5808 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) ~ FE!d 

FE~ 10.12 

d~ 0.80 

Favg~ 12.67 KIPS 
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PROJECT NO.: 06'3906 
SPONSOR: ' 
PROJECT TmE: 

MICHIGAN DEPARTMENT OF TRANSPORT A T10N 
EVALUATION OF iHE DYNAMIC STRENGTH OF GUAROPAIL POSTS 
MADE FROM RECYCLED PlASTICS 

T~Date: !Z{J~ <... 
I 

SPECIMEN DATA 
Specimen Nurrtler: :s-...::.-

Specimen Weigtt: .r 

Moislure Content alief test ;IJ/,4 , 

MASS DATA 
Mil$ Weight tfD6D 
Mass lmpacl Velocity: <:.<-
Mass Velocity Change: :::t,\1' 

TEMPERATURE EFFECTS 
ArrtientT~: '-Z 
Specimen Temperaii.A • b6lol9 test -':CI'--
Specimen T~ ·alief test -IS" 

TEST RESULTS 
FI"Sdura Energy: /IJe; 
Post Dispiacment Dumg lf11)11Ct g, "2.. 
Peak Face: zz.j: 
Average Force Dlmg Impact 1/0 

COMMENTS: 

Testing Official: 

Material Type: 

lbs 

% 

pou1ds u 
It/sec 
It/sec G 

L 

5 

deglees F 
deglees F 
degeesF 

))rFft pt:. ((, ('!. 
in 
ki<11'S 
IIJtrk:,p.s 

~ ~ "Z 

6" 

6" 

""' ·~ 
1 

72' 

-

STEEL 

u:1__!{__ zL 3_!L .___k_ 

G: 1L z.JL 3..!t_ .__k_ 

L: ,.....!/:_ z-'e_ 3_1_ •---'-

5:~ 



i' 

FRACTURE ENERGY (FE) = 112m(Vf .. -Vi .. ) 

where: 
m = weight of pendulum in pounds I 32.2 

Vi = pendulum impact velocity In feet per second 

Vf = pendulum velocity after fracture 

FE= 

62.11 

22.00 

17.22 

11643.861 FT-LB 11.64 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 
wt = weight of pendulum In pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

Wt= 

Pa= 

PF= 

4000 

5.6 

22400 LB 22.4 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

Vi= 

Vf = 

Ti = 

Tf = 

Ti = time at Impact in seconds 
Tf = time at FE in seconds 

22.00 

17.22 

0.00 

0.035 

0.68635 FT 8.2362 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE!d 

FE= 11.64 

0.69 

Favg = 16.96 KIPS 
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PROJECT NO.: 0&3906 
SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION 
PROJECT TmE: EVALUATION OF THE DYNAMIC SlRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PLASTICS 

Test Date: tz~7- 9-z_. 

SPECIMEN DATA 
sc.o Specimen Number: 

Spedmen Weight: -S-1 

Moisture Content alter test: tUA 

MASS DATA 
tlooo Mass Weight: 

Mass Impact Velodly: -z.-z... 
Mass Velodly Change: ~3: 

TEMPERATURE EFFECTS 
Ambient Temperaue: s~ 
Spedmen T eflllera~Ure - before test: 1-:;,.o 
Spedmen T 9flllei3IUre - after test. u !;," 

TEST RESULTS 
Fracture Energy: /0, 7 
Post Displaanent During I~ g 2.. 
Peak Force: &!. 1-
Average Force Oumg Impact /J-1.., 

COMMENTS: 

Testing Official: 

Material Type: 

lbs 

% 

pounds 
tvsec u 
tvsec 

G 

L 

degrees F 5 

degrees F 
degrees F 

H ('r-1<, f' !> 
in 
)lis Kr P.S 
res k., r-.:. 

~ N ~ 

6" 

6" 

""' ·~ 
I 

72' 

..._ 

STEEL 

U:l_!/_ 2~ 3_!/_ 4_L 

G: 1_!/.._ 2~ 3_!i__ -._k_ 

L: I _.!f._ 2 ..../.a_ 3 _!f_ 4__G:,_ 

5:~ 



PEND LUM CALCULATIONS- MICHIGAN DEPARTMENT OF TRANSPORTATION 
BY: - DATE: 1 z-7-9?...-
TE 

FRACTURE ENERGY (FE) = 112m(Vf .. ·VI •• ) 

where: 

m = weight of pendulum in pounds I 32.2 

Vi = pendulum Impact velocity in feet per second 

Vf = pendulum velocity after fracture 

m= 

VI= 

Vf= 

62.11 

22.00 

1 7.65 

10712.578 FT-LB 10.71 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 
wt = weight of pendulum in pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

Wt= 

Pa= 

4000 

5.4 

21600 LB 21.6 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

Vi = 

Vf = 

Tl = 

Tf= 

Ti = time at impact in seconds 

Tf = time at FE in seconds 

22.00 

17.22 

0.00 

0.035 

0.68635 FT 8.2362 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 10.71 

0.69 

Favg= 1 5.61 KIPS 



PROJECT NO.: 
SPONSOR: 

()6..3906 
MICHIGANDEPARTMENTOFTRANSPORTATlON 

PROJECT TmE: EVALUATION OF THE DYNAMIC SIRENGTH OF GUARDRAIL POSTS 
MADE FROM RECYCLED PLASTICS 

Test Date: tz - 7- 7 7-

SPECIMEN DATA 
Specimen Number: 57 
Spedmen Weight: S.Li 

Moisture Content after test: 1\JA 
I 

MASS DATA 
4tJr90 M$5Weight: 

Mass Impact Velocity: C::L._ 
M$5 Velodty Change: ~' :z 

TEMPERATURE EFFECTS 
Ambient T emperall.rn: s~ 
Spedmen T~re- before test: /2.;-
Spedmen T~- after test: II 

TEST RESULTS 
Fracture Energy: 9, z.. 
Post Displaanent During I~ ;1,~ 
Peak Force: -z.:~ 
Average Force Duri1g Impact I , 7 

COMMENTS: 

Testing Official: 

Material Type: 

lbs 

% 

pounds 
It/sec u 
It/sec 

G 

L 

degeesF 5 

degeesF 
degeesF 

lb-11 
in 
lbs 
lbs 

~ """"-! ~ 

6" 

6" 

""' I~ 1 

72" 

. '--

STEEL 

u:1_jt__ z.c!£_ 3__!1:_ 4_k_ 

G: 1 _j_ z_c._ 3_i_ 4__/,.o_ 
L: ,_j_ z_C._ 3_j_ 4~ 
5: Z:.f_ 



FRACTURE ENERGY (FE) = 112m(Vf"-Vi") 
where: 

m = weight of pendulum in pounds I 32.2 

Vi = pendulum impact velocity in feet per second 
Vf = pendulum velocity after fracture 

62.11 

22.00 
18.35 

9147.4055 FT-LB 9.15 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa ' g) 
where: 

wt = weight of pendulum in pounds 

9 = 32.2 
Pa = maximum accelerations attained during fracture 

4000 
5.8 

23200 LB 23.2 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

VI = 

Vf = 

Ti = 

Tf= 

Ti = time at Impact In seconds 
Tf = time at FE in seconds 

22.00 

17.22 

0.00 

0.040 

0.7844 FT 

AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 9.15 

d= 0.78 

Favg = 11 .66 KIPS 

9.4128 IN 
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PROJECT NO.: 06-3906 
SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION 
PROJECT TmE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PLASTlCS 

Test Date: /2 -/-0-,. 

SPECIMEN DATA 
Specimen Number: 5-8 
Specimen Weight: s.q 

Moisture Content after test: j\),4 

MASS DATA 
Mass Weight: LjiJ~O 
Mass Impact Velocity: Z"L 
Mass Velocity Change: 9:_·(., 

TEMPERATURE EFFECTS 
Alrbient T emperahre: 57 
Specimen T emper.rture - before test: (30 
Specimen Temperature - after test: IZ.z.. 

TEST RESULTS 
Fracture Energy: u~ -z... 
Post Displaanent During lfl1li!CI: S'."Z-
Peak Force: 2. ~. 7...-
Average Force Durilg Impact ;l '3 

COMMENTS: 

Testing Official: 

Material Type: 

lbs 

% 

pounds 
It/sec u 
It/sec 

G 

L 

degeesF 5 

degeesF 
degeesF 

lb-ft 
in 
lbs 
lbs 

/ 
) 

~ N "z 

6" 

6" 

I"'- ·~ 
1 

72" 

.__ 

STEEL 
· r 4 . ( 

· U:l_i_ 2_. _1o_ 3 __ 4_:::__ 

G: ,.!f._ z_f_ 3_j_ 4___£_ 
L: ,..d..__ z.i:__ 3_!f_ 4 (., 

5: ;;:;, 



PENDU UM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION 
BY: v DATE: /2--7-12-
TES 

FRACTURE ENERGY (FE) = 112m(Vf••-Vi") 

where: 
m = weight of pendulum in pounds I 32.2 

Vi = pendulum impact velocity in feet per second 

Vf = pendulum velocity a«er fracture 

m= 

Vi= 
Vf= 

FE= 

62.11 

22.00 
17.44 

11170.26 FT-LB 11.1 7 FT -KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 

wt = weight of pendulum in pounds 

9 = 32.2 

Pa = maximum accelerations attained during fracture 

Wt= 

Pa= 

PF= 

4000 

5.8 

23200 LB 23.2 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

Vi = 

Vf = 

Ti = 

Tf = 

Ti = time at Impact in seconds 

Tf = time at FE in seconds 

22.00 

17.22 

0.00 
0.035 

0.68635 FT 8.2362 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 11.17 

d = 0.69 

Favg = 16.27 KIPS 
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PROJECT NO.: 0&3906 
SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION 
PROJECT TffiE: EVALUATlON OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PLASTICS 

Test Date: rz-7-9?...-

SPECIMEN DATA 
Specimen Number: .5-9 
Specimen Weight: .>1 

Moisture Content after test: AJ4 

MASS DATA 
Mass Weight: 4ooo 
Mass Impact Velocity: -z. "2.-
Mass Velocity Change: ~. l 

TEMPERATURE EFFECTS 
Arrbient T emperattze: S9 
Specimen Temperature - before test: ;-s.s-
Specimen T~- after test: us-

TEST RESULTS 
Fracture Energy: 7,2? 
Post Disptaanent During I~ S:<Z. 
Peak Force: 79.<-
Average Force Dumg Impact 1,4 

COMMENTS: 

Testing Official: 

Material Type: 

lbs 

% 

pounds 
It/sec u 
It/sec 

G 

L 

deglees F 5 

deglees F 
deglees F 

lb-11 
in 
lbs 
lbs 

~ i 

~ N "z 

6" 

6" 

I"' ~ 
1 

72" 

'--

STEEL 

u:1~ z± 3_!1__ • .Ja._ 

G: 1...!L 2~ 3~ ..__k_ 

L: ,J_ z~ 3.....!t_ •---'--
5: Z[p 



PEND~~LCULATIONS-MICHIGAN DEPARTMENT OF TRANSPORTATION 
BY: fiN\ DATE: ( 2..-)- 9'2.. 
TEST o. S-9 

FRACTURE ENERGY (FE) = 112m(Vf"-Vi") 

where: 

m = weight of pendulum In pounds I 32.2 

VI = pendulum impact velocity in feet per second 

VI = pendulum velocity after fracture 

m= 

VI= 

VI= 

FE= 

62.11 

22.00 
18.93 

7804.4383 FT-LB 7.80 FT-KIPS 

====================-============================================================== 
PEAK FORCE (PF) =( wt I 9 )(Pa • g) 

where: 

wt = weight of pendulum In pounds 

9 = 32.2 

Pa = maximum accelerations attained during fracture 

WI= 

Pa= 

PF= 

4000 

4.8 

19200 LB 19.2 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

Vi = 

VI= 

Ti = 

Tf= 

Ti = time at Impact in seconds 

Tf = time at FE in seconds 

22.00 

1 7.22 

0.00 

0.035 

0.68635 FT 8.2362 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Fav9) = FE!d 

FE= 7.80 

0.69 

Favg = 11.37 KIPS 
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PROJECT NO.: 06-3906 
SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION 
PROJECT T/7LE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS 

MADE FROM RECYCLED PLASTICS 

Test Date: /?.--7-9?-

SPECIMEN DATA S 
Specimen Number: -/0 
Specimen Weight: 59' 

Moisture Content after test: !JA-

MASS DATA 
qrJoo Mass Weight: 

Mass Impact Velodty: '-"L 
Mass Velodty Change: I 

TEMPERATURE EFFECTS 
Ambient TemperaUe: 00 
Specimen T911lJ9fa!Ure - before test IZ..b 
Specimen Temperature- after test: u~ 

TEST RESULTS 
Fracture Energy: k),L.. 
Post Displaanent During IIJ1l8CI: ~,q 
Peak Force: -z..o, 1. 
Average Force Our'ng Impact 1).0 

COMMENTS: 

Testing Official: 

Material Type: 
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PENDUL M CALCUlATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION 
BY: ? DATE: /"2 r7- '7 7...-

FRACTURE ENERGY (FE) = 112m(Vf••-Vi") 

where: 
m = weight of pendulum in pounds I 32.2 

Vi = pendulum impact velocity in feet per seocnd 

Vf = pendulum velocity after fracture 

m= 

VI= 

Vf= 

FE= 

62.11 

22.00 

17.88 

10205.021 FT-LB 10.21 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 
wt = weight of pendulum· in pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

Wt= 

Pa= 

PF= 

4000 

5.1 

20400 LB 20.4 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)I2)(Ti-Tf) 

where: 

Vi = 

Vf = 

Ti = 

Tf= 

Ti = time at impact in seconds 

Tf = time at FE In seconds 

22.00 

17.22 

0.00 
0.040 

0.7844 FT 9.4128 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE!d 

FE= 10.21 

0. 78 

Favg= 13.01 KIPS 
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PROJECT NO.: 
SPONSOR: 

06-3906 
MICHIGANDEPARTMENTOFTRANSPORTATION 

PROJECT TillE: EVALUATlON OF 11-IE DYNAMIC STRENGll-1 OF GUARDRAIL POSTS 
MADE FROM RECYCLED PLASTJCS 

Test Date: /2 -7 -97.... Testing Official: 

SPECIMEN DATA 
Specimen Number: _ _:::5::...._-!.f.f / _____ Material Type: 

Specimen Weight: --~s~-~~-----~oo 

Moisture Content after test: 

MASS DATA 
Mass Weight: qooo pounds 
Mass Impact Velocity: -z.. '-- fl/sec 
Mass Velocity Change: 

~·""' fl/sec 

TEMPERATURE EFFECTS 
AmbientT~: hZ degeesF 
Specimen T~re- before test: I;;. f. degeesF 
Specimen T~- after test: UG. degrees F 

TEST RESULTS 
Fracture Energy: 8. '1 lb-11 
Post Displaanent During I~ '!l.!:t. in 
Peak Force: -:?0,0 lbs 
Average Force Oumg Impact /f,"f lbs 

COMMENTS: 

u 

G 

L 

s 

~ ~ "Z 

6" 

6" 

""- ""-1 

72" 

.._ 

STEEL 

u:1~ z± 3 .?f 4 G 

G: ,_1_ z_k_ 3_!{_ 4 G 
L: ,..![_ 2~ 3_i_ 4_k_ 

5: Z{c 



r I 

I I 
I 

' 

!-

FRACTURE ENERGY (FE) = 112m(Vt••-Vf") 

where: 
m = weight of pendulum in pounds I 32.2 

Vi = pendulum impact velocity in feet per second 
Vf = pendulum velocity after fracture 

m= 62.11 

Vi= 22.00 

VI= 18.4 5 

FE= 8918.8407 FT-LB 8.92 FT-KIPS 

=================================================================================== 
PEAK FORCE (PF) =( wt I g )(Pa • g) 

where: 
wt = weight of pendulum in pounds 

g = 32.2 

Pa = maximum accelerations attained during fracture 

4000 

5. 

20000 LB 2 0 KIPS 

====================================================================================== 
POST DISPLACEMENT DURING IMPACT (d) = ((Vi+VD/2)(Ti-Tf) 

where: 

VI = 

Vf = 

Tl = 

Tf = 

Ti = time at impact In seconds 
Tf =time at FE in seconds 

22.00 

17.22 

0.00 

0.040 

0. 7844 FT 9.4128 IN 

===================================================================================== 
AVERAGE FORCE DURING IMPACT (Favg) = FE/d 

FE= 8.92 

d= 0.78 

Favg = 11 . 3 7 KIPS 




