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EXECUTIVE SUMMARY

EVALUATION OF THE 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 dispIayed 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 plasﬂcs 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 evaiuation. 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 propertics of wood, steel, and selected posts made from recycied
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 of post with dimen sion s an d location s of measurement
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



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 cvaluation tool prior to
expensive full-scale testing. The impacting medium for tests is a steel-
reinforced, concrete mass which may have either a hard wunyielding 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-Ib can
be accommodated by the pendulum facility. A 4000-Ib 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 resulied 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 continmally 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 movic camera was
trained on the impact area to record the event at a frame-rate of 500 frames
per second.
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The test articles were mounted in a rigid fixture attached to the foundation of
the pendulum facility. The mass was positioned to impact the test article at 18
inches above grade.

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 consiructed
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 recadout 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.

o 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.



. Moisture conient 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 om 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 stéel 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 fi-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 (56-1b) post fractured
at the lowest value while the heaviest (77-1b) 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 5-1b 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



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 5.7 206 8.7 77
Douglas Fir 6x8 153 -20 53 19.8 8.2 69
Douglas Fir 6x8 11.5 120 56 20.1 8.1 82
W6x9 Steel 46 NA -20° 10.8 226 148 8.8
W6x9 Steel 4xb NA 120 105 222 142 9.1
Hammer Plastic 6x10 NA 70 38 19.4 7.4 6.4
Hammer Plastic* 6x8 NA 70 2.7 18 6.3 52
Trimax plastic 6x8 NA 70 25 221 5.4 52

*Only one post tested at this size




Table 2. Pendulum Test Results

Post Post Moisture  Impact Vel. Finat Vel. Fracture Post Peak Average Specimen
No. Material Content (%) _(ft/sec) (ft/sec)  Energy (ft/kips) Displacement(in) Force (kips) Porce (kips) Temp. (deg.F)
wi 6X8 WOOD 210 2 2002 52 88 192 7.0 66.5
w2 6X8 WG0D 135 22 20.65 36 64 168 67 706
w3 6X8 WOOD 145 22 19.58 63 100 180 75 69.8
W4 6X8 WOOD 180 2 20.20 47 88 200 64 713
W5 6X8 WOOD 17.0 2 17.52 11.0 83 320 159 714
W6 6X8 WOOD 168 22 20.65 33 8.4 176 8.4 720
w7 6X8 WOOD 126 2 19.35 6.8 6.2 22 132 118.0
w3 6X8 wWOQD n3 2 20.15 48 76 200 7.7 1200
wo 6X8 WOOD 107 2 255 38 5.1 192 2.0 1n9.0
w10 6X8 WOOD 10.1 2 2040 42 89 204 57 121.0
Wil 6X8 WOOD 105 prl 18.50 88 109 192 9.7 118.0
W12 6X8 WOODD 134 pr) 2010 5.0 114 204 52 116.0
W13 6X8 WOOD 165 2 20.15 48 6.3 196 92 -180
wi4 6X8 WOOD 148 sl 19.90 55 7.8 20.0 74 200
W15 6X8 WOOD i54 n 19.95 53 88 208 74 17.0
W16 6X8 WOOD 149 2 1850 7.9 74 06 128 21.0
w17 6X8 WOOD 146 ps 2025 46 51 192 109 -16.0
w18 6X8 WOOD 162 2 20.50 4.0 5.1 18.0 2.3 -19.0
S1 W6X9 STEEL NA 22 17.03 121 94 232 154 -195
82 W6X9 STEEL NA 22 1823 94 84 23 134 -21.0
23 W6X9 STEEL NA 22 17.64 10.7 83 20 155 -200
4 W6X9 STEEL NA 22 17.92 101 9.6 28 127 -235
55 W6X9 STEEL NA x 1722 116 82 224 170 -20.5
86 WeéX9 STEEL NA 2 17.65 107 82 216 156 1225
& WéX9 STEEL NA 2 18.35 9.2 9.4 234 17 175
58 WeX9 STEEL NA 2 17.44 112 82 232 163 126.0
9 WeX9 STEEL NA 22 1893 78 82 192 114 1220
510 W6X9 STEEL NA n - 17.88 10.2 9.4 204 130 117.0
511 W6X9 STEEL NA 2 18.45 89 93 200 114 120.0
PC1 6X10 HAMMER NA 2 19.54 54 88 196 73 700
6X10 HAMMER NA 2 2045 41 7.6 180 64 706
6X10 HAMMER NA 22 2072 34 38 201 106 710
6X10 HAMMER NA 2 2072 34 5.1 180 80 71.0
6X10 HAMMER NA 22 46 41 102 a2 48 702
PA1 6X8 HAMMER NA 2 2099 27 52 180 63 70.1
TAl 6X8 TRIMAX NA 2 21.05 25 g 22 34 6.0
TA2 6X8 TRIMAX NA 22 21.10 24 v 39 24 75 69.6
| TA3 6X8 TRIMAX NA 22 .02 26 26 228 122 685




Typical Wood Post Before and After Test Photographs

Figure 2.



Figure 3.

Typical Steel Post Before and After Test Photographs



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 1-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
stecl 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. :

11
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APPENDIX A
Post Grading Data Sheets
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Test Data Sheets and Calculations



PROJECT NO.: 06-3906

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE:  EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS
Testate: 2 Ake T Testing Official: Q; /2
¢ Vi
SPECIMEN DATA
Specimen Number: / Material Type: Lss))
Specimen Weight: ¢ Ibs - 3 .
Moisture Content after test: 21 7 % N \_ :
B
MASS DATA
Mass Weight: LoV pounds
Mass impact Velocily: ek} fi/sec Y P —
Mass Velocity Change: ) ft/sec g" 72"
G _[___.__
o

TEMPERATURE EFFECTS S B
Ambient Temperature: degeesF | \
Specimen Temperature - before test: degrees F
Specimen Temperature - after test: lslp, s degreesF -

| | WOOD & PLASTICS
TEST RESULTS ey " S sk, 15"
Fraciure Energy: e ot G1r o Ta e Do
Postl?;l:plaaneruDuringinpact R Jil;bﬂ’ i G;15%f”:9_¢%3 7/3"'4 72'?,
Peak Force: , e’ <15 ¢ , Y
Average Force During Impact: ’-?,} l:e"l-:'ll;‘a S 75/1’3 S ‘7’4" g

H J" i

COMMENTS: /0,., thoe 767




PENDULUM c LCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
BY: L% ~  DATE: /2
TEST No. W-1

FRACTURE ENERGY {FE) = 1/2m(Vf**Vi*)

where:
m = weight of pendulum In pounds / 32.2
Vi = pendulum impact velocity in feet per second
Vt = pendulum velocity after fracture
m= 62.11
Vi= 22.00
Vi= 20.02
FE= 5167.5272 FT-LB 5.17 FT-KIPS

PEAK FORGE (PF) =( wt / g )(Pa * g)

whers:
wi = weight of penduium in pounds
g =322
Pa = maximum accelerations attained during fracture
: Pas= 4.8
i PF= 19200 LB 19.2 KIPS

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

where:
Tl = time at impact In seconds
Tf = time at FE in seconds
Vi= 22.00
Vi = 20.02
Ti = 0.00
Tf = 0.03%
d= 0.73535 FT 8.8242 IN

AVERAGE FORCE DURING IMPACT {Favg) = FEAd
FE= 517
d= 0.74

Favg = 7.03 KIPS




PROJECT NO.: 06-3906

SPONSOR: MICHKSAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS
TestDate: X /&f..; 9)’ Testing Officia: §l¢ ”th(/b
77 7

SPECIMEN DATA :

Specimen Number: é() o Material Type: AQMD

Spedimen Weight: 357 lbs .~

Moisture Content after test: /3,5 % N \_ ' :

) 1

MASS DATA
Mass Weight: ‘;,[o»o pounds

Mass Impact Velodity: NN ft/sec Yo .

Mass Velocity Change: ], F f#t/sec & 7o

64— —
-

TEMPERATURE EFFECTS ;“_

Ambient Temperature: 7.8 degreesF I S

Specimen Temperature - before test: 7o 5, degrees F \ 1%
Specimen Temperature - after test: 70, {, degreesF -

. WOOD & PLASTICS Y
TEST RESULTS S i S% e 8" s SW .1
Fraclure Energy: Bf(P |p4{“17-;“f!{(fﬁ§‘ £ 44 o 30 Yo
Post Displacment During impact: ) in 1 5% 37 s 5H 21
Peak Force: ! Rip s v » Y% 10
Average Force During Impact: i gklPﬁa Ll 5%’2 3 355/2”4 7j!
. 25"
5 e

COMMENTS: . 1, 0

Zape ek failed




PENDULUM CALCULATIONS - MICHIGANJDEPARTMENT OF TRANSPORTATICN
DATE: J% j2/92.

FRACTURE ENERGY (FE) = t/2m(Vf*-Vi**)

whera:
m = weight of pendulum in pounds / 32.2
Vi = pendulum impact velocity in feet per second
Vf = pendulum velocity after fracture
m= 862.11
Vi= 22.00
Vi= 20.85
FE= 3676.1385 FT-LB 3.58 FT-KIPS

PEAK FORCE (PF) =( wt/ g }{Pa * g)

whers:
wt = weight of penduium in pounds
g =322
Pa = maximum accelerations attained during fracture
wi= 4000
Pa= 4.2
PF= 16800 LB 18.8 KIPS

POST DISPLACEMENT DURING IMPACT (d) = ((Vi+VE/2}{Ti-Tf)

where:
Ti = time at impact in seconds
Tf = time at FE In seconds
Vi= 22.00
Vi = 20.65
Ti = 0.00
Tf = 0.025
d= 0.5633125 FT 6.3975 IN

AVERAGE FORCE DURING IMPACT (Favg) = FE/d
FE = 3.58
d= 0.53

Favg = 6.71 KIPS




PROJECT NO.. 06-3906

COMMENTS: ., doet 7°¢ "
7 §

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE:  EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS
Test Date: o Testing Official: wZ/
est Date: 2. CL 97 ng (9 "?4—4_

SPECIMEN DATA

Specimen Number: N, Material Type: L) o)

Specimen Weight: L8 lbs - 3 .

Moisture Content after test: [4.5 % W < S

K

MASS DATA
Mass Weight: Hapo pounds

Mass Impact Velocity: e fi/sec VP

Mass Velocity Change; ] fi'sec 6 72"

G
&

TEMPERATURE EFFECTS ;‘l‘_ :

Ambient Temperature: 7/.4 degreesF i P

Specimen Temperature - before test: 76. / degrees F \

Specimen Temperature - after test: {9,§ degreesF -

WOOD & PLASTICS 2
. ’ y

TEST RESULTS L os e nSH, 9 sh 2
Fracture Energy: N2 gty 3
Post Displacment During impact; 70 in r 15k 8" 353"47 ?”
Peak Force: /2 be 1<, ps 3 %yt
Average Force During impact; 2.5 [ T L1 -57/5"2 g” 3 «5/4(”4 7%

”
5 2




PENDULUM ,’?AL ULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION

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

where:
m = weight of pendulum in pounds / 32.2
Vi = pendulum impact velocity In feet per second
Vf = pendulum velocity after fracture
m= 62.11
Vi= 22.00
Vi= 19.58
FE= 6249.7318 FT-LB 6.25 FT-KIPS

PEAK FORCE (PF) =( wt / g )(Pa * ¢)

where:
wt = weight of pendulum in pounds
g =322
Pa = maximum accelerations attalned during fracture
wi= 4000
Pa= 4.5
PF- 18000 LB 18 KIPS

POST DISPLACEMENT DURING IMPAGT (d) = ((Vi+V1)/2)(Ti-Tf)

whare:
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi= 22.00
Vi = 19.58
Ti = 0.00
Tf = 0.040
d= 0.8316 FT 9.8792 IN

AVERAGE FORCE DURING IMPACT (Favg) = FEM
FE = 6.25
d= 0.83

Favg = 7.52 KIPS




PROJECT NO.: 06-3906

SPONSOR: * MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS

TestOate: /2 - ?-772 . Testing Officia: (£¢ Aoy ~—

4z ~/J
SPECIMEN DATA
Specimen Number: w/ 4 Material Type:
Specimen Weight: S Ibs -3
Moisture Content after test: 4 % DN \_ <

. 1
MASS DATA
Mass Weught: 40& o m -
Mass impact Veloaty: Zz2- fi/sec ] S
Mass Velocity Change: /. B f/sec 6" 72"
G ]
-
TEMPERATURE EFFECTS :'
Ambient Temperature: 7/, 2. degrees F i B
Specimen Temperature - before test: 7/, S degreesF \
Specimen Temperature - afer lest 7/, 3 degreesF -
WOOD & PLASTICS

TEST RESULTS by et o 652 7% 1 G 7%
Fracture Energy: , o Lgr-T3 I ) ‘
Post Dispiacment During impact: gHg 4:« o Gn-f& 27;’1 3£_ 4_73_#_
Peak Force: be i, ns -7
Avetage“?orcow’mhw %% jﬁ'd;:";pi i b 7% 5% 4_.7_;_4

5t _Z_é
COMMENTS:




PENDULUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
i 2 G

FRACTURE ENERGY (FE) = 1/2m{VI**-VI"")

where:
m = weight of pendulum in pounds / 32.2
Vi = pendulum impact velocity in feet per second
Vi = pendulum velocity after fracture
M= 62 - 1 1
Vi= 22.00
| V= 20.20
FE= 4717.8758 FT-LB 4.72 FT-KIPS

PEAK FORCE (PF) =( wt/ g ){Pa * g)

where:
wt = weight of pendulum in pounds
Pa = maximum accelerations attained during fracture
Wi 4000
Pa= 5.0
PF= 20000 (B 20 KPS

POST DISPLACEMENT DURING IMPACT (d) = ((VI+V/2)(TI-Th

where;
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi = 22.00
Vf = 20.20
Ti = .00
Ti = 0.035
d= 0.7385 FT 8.862 IN

AVERAGE FORCE DURING IMPACT (Favg) = FE/d
FE= 4.72
d= 0.74

Favg = 6.39 KPS



PROJECT NO.: 06-3006

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE:  EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS

TestDate: 7 A. 2 Testing Official: 9 ./
o /4 7

SPECIMEN DATA _

Specimen Number: wWs Material Type: M)

Specimen Weight: 77 Y2 lbs

3: “u,
Moisture Content after test; / 7 % DN \— :
"
'MASS DATA
Mass Weight: 4 o000 pounds
Mass Impact Vslodity: 22 ft/sec [ P _
Mass Velocity Change: 4,5 f'sec 6" 72"
G ]
&
TEMPERATURE EFFECTS ';"“—_"
Ambient Temperature: degrees F g
Specimen Temperature - before test: . degrees F \ L
Specimen Temperature - after test: degrees F ~
WOOD & PLASTICS ,
TEST RESULTS e YA A |
Fracture Energy: . i . , # e
::z:tkDr';plaanemmringtn'pax 'ig/gﬂ Egg Frieps a1 k"2 4" 3 $" .
Force: keps # '
Average Foroe During Impact: ,:i:zq bs R 7%5 6" 8"

5 ;’?ﬁ.”
COMMENTS: éa»b T/Daq‘?h»




PENDLLUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
BY: Aud DATE: /2/4/4 2
TESF No. W-6

FRAGTURE ENERGY (FE) = 1/2m{Vf™-Vi*"}
where:
m = weight of pendulum in pounds / 32.2
Vi = pendulum impact velocity in feet per second
Vf = pendulum velocity after fracture
m= 62.11
Vi= 22.00
Vi 17.52
FE= 10996.551 FT-LB 11,00 FT-KIPS

PEAK FORGCE (PF) =( wt / g }(Pa * g)

where:
wt = waight of pendulum in pounds
g =322
Pa = maximum accelerations attained during fracture
wt= 4000
Pa= 8
PF= 32000 LB 32 KPS

POST DISPLACEMENT DURING IMPACT (d) = ((Vi+VIy2)(TI-Tf)

where:
Ti = time at impact in saconds
Tf = time at FE In seconds
Vi = 22.00
Vi = 17.52
Ti= 0.00
Tt = 0.035
d= 0.6918 FT 8.2982 IN

AVERAGE FORCE DURING IMPACT (Favg) = FE/
FE= 11.00
d= 0.69

Favg = 15.80 KiPS




PROJECT NO.: 06-3906
SPONSOR:

PRGJECT TITLE:

MADE FROM RECYCLED PLASTICS

MICHIGAN DEPARTMENT OF TRANSPORTATION
EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS

TestDate: /& dﬂc ?}

Testing Official: N\,
ng 4/ /]/A‘?yv
SPECIMEN DATA
Specimen Number: W Material Type: L eo)
Specimen Weight: S& Ibs -~
Moisture Content after test: /&, 75 % DN \_ :
1
MASS DATA
Mass Weight: Yo pounds
Mass impact Velocity: =x ft'sec Vo
Mass Velocity Change: /& tsec 5" 72"
[ S
o
TEMPERATURE EFFECTS ;“——__
Ambient Temperature: | 73 degreesF | \
Specimen Temperature - before test: 7l ls_degreesF
Specimen Temperature - after test: 72 degreesF i
WOOD & PLASTICS
TEST RESULTS . 5%, 1Y e 2%
I Enefgy: . —ims . " 3 7
;roe;tméizplaanemmringlnpact f,g? lig-ff “r 1§ 7473 6" K
Peak F N y Ca Kips A I 3 ”
Averag:r rc-Eeome During impact: {“7, 5» JE /«T:-,« Sk, 7 ;‘/ 136" TN

5: ’?44’

COMMENTS:  fouy gttt 74"
y Kk




PENDULUMC
BY: Ay

LCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
" DATE: 1 &/10/%2.

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

where:
m = weight of pendulum in pounds / 32.2
! Vi = pendulum impact velocity in feet per second
L Vf = pendulum velocity after fracture
h m= 62.11
. Vi= 22.00
Vi= 20.85
FE= 3576.1385 FT-LB 3.58 FT-KIPS

PEAK FORCE (PF) ={ wt/ g }(Pa * g)

where:
wt = weight of pendulum in pounds
g =322
Pa = maximum accelerations attained during fracture
wt= 4000
Pa= 4.4
PF= 17600 LB 17.6 KIPS

POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)y2)(Ti-Tf)

where:
Ti = time at impact in seconds
Tf = time at FE In seconds
Vi= 22.00
Vi = 20.85
Ti = 0.00
Tf = 0.020
d= 0.4285 FT : 5.118 IN

AVERAGE FORCE DURING IMPACT (Favg) = FE/d
FE = 3.58
d= 0.43

Favg = 8.38 KIPS




COMMENTS:

PROJECT NO.: 06-3906
SPONSCR: MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
- MADE FROM RECYCLED PLASTICS
TestDate: // DEC 42 ..Testing Official: 49-‘& /{/f/ﬁ(gﬂ”’/
' 7 -/
7
SPECIMEN DATA
Specimen Number: M/ 7 Material Type: A)ﬂ ﬁ
Specimen Weight: &8 los T“
Moisture Content after test: /2,6 % \ s
\_ :1
'MASS DATA
* Mass Weight: Hono pounds

Mass Impact Velodly: 22 ft'sec Ugqoreoeo—
Mass Velodily Change: Z, 7 f/sec ] 6" 72"

6t

6"
TEMPERATURE EFFECTS L
Ambient Temperature: degrees F K T
Specimen Temperature - before test: /37  degreesF
Specimen Temperature - after test: /28 degrees F _—
WOOD & PLASTICS p
"
TEST RESULTS L s AR S
Fracture Energy: : o F7-Kips ' ; 4e "
Post Displacment During impact: 2 in a1 b’ 27?{’3é 47?‘?
Peak Force: Z2/ 2 s /2 3 ¢
Average Force During Impact: /3,72 s s L;z4”_z74’434 4 7%‘#
¢ "
5:




PENDUEUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
BY: DATE: ¥ Dec 2.

TEST/No. W-7

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

where:
m = weight of pendulum in pounds / 32.2
Vi = pendulum impact velocity in feet per second
Vf = pendulum velocity after fracture
m= 62.11
B Vi= 22.00
Vi= 19.35
FE= 6805.8585 FT-LB 6.81 FT-KIPS

PEAK FORGE (PF) =( wt/ g )(Pa * g)

where:
wi = weight of pendulum in pounds
9= 3z2.2
Pa = maximum accelerations attained during fracture
wt= ' 4000
Pa= 5.3
PF= 21200 LB 21.2 KIPS

POST DISPLACEMENT DURING IMPACT (d) = {({Vi+Vfi/2)(Ti-T1)

whara;
Ti = time at impact In seconds
Tt = time at FE in seconds
Vi= 22.00
Vi = 19.35
Ti= 0.00
Tf = " 0.025
d= 0.516875 FT 6.2025 IN

AVERAGE FORCE DURING IMPACT {Favg) = FE/d
FE = 6.81
d= 0.52

Favg = 13.17 KPS



PROJECT NO.: 06-3906

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE:  EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAK POSTS
MADE FROM RECYCLED PLASTICS
TestDate:  // DiEc %2 . Testing Official: éﬁw/ /L”’f(dz,z/f—-f
Z Z
| SPECIMEN DATA
Specimen Number: W f Material Type: wdza
Specimen Weight: L5~ Ibs N
Moisture Content after test; £/, 3 % \ \_ $
"
MASS DATA '
'Mass Weight: G0 O pounds
Mass Impact Velocity: 22 ft/sec U
Mass Velocity Change: [+ ft/sec g" 72"
G .4
-
TEMPERATURE EFFECTS :‘F‘__ —
Amnbient Temperatire: il degrees F 1
Specimen Temperature - before test: Vhadl degrees F \ R
Specimen Temperature - after test: /24> degrees F -
: 3 WOOD & PLASTICS 7
TEST RESULTS . . S H STy 7
Fracture Energy: At (TP 3, ‘ 7
Postor'gplammouringtnpact 74.&7 in ! 1S %", ’73}/"'3é WA
Peak Force: 2.0,0 e < > E Y 34 Ty 4
Average Force During Impact: 7,07 mswwjps L;15/Vz74"35/f 47/17/

5: L‘.?_é. v
COMMENTS:




PENDULYM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
DATE: /{ DEC G2

FRACTURE ENERGY (FE) = 1/2m{V{**-Vi*")

where:
m = weight of pendulum in pounds / 32.2
_ Vi = pendulum impact velocity in feet per second
SN Vf = pendulum velocity after fracture
m= 62.11
Vi= 22.00
Vi= 20.15
FE= 4843.1825 FT-LB 4.84 FT-KIPS

PEAK FORGE (PF) =( wt / g )(Pa * g)

where:
wt = weight of penduium In pounds
g = 32.2
Pa = maximum accelerations attained during fracture
wt= 4000
Pa= 5
PF= 20000 LB 20 KPS

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

where:
Ti = tirne at impact in seconds
) Tt = time at FE in seconds
|
' Vi = 22.00
Vi = 20.15
Ti = 0.00
Tf = 0.030
d= 0.83225 FT 7.587 IN

AVERAGE FORCE DURING IMPACT (Favg) = FEA
FE= 4.84
d= 0.63

Favg = 7.866 KIPS




COMMENTS:

PROJECT NO.: 06-3906

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION

PROJECT TITLE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS

MADE FROM RECYCLED PLASTICS
TestDate: // DEC G2 Testing Official: //207'- "’Z‘/@/ﬂ
/7 - ‘ "/_V

SPECIMEN DATA

Specimen Number: W ? Material Type: A‘) a3

Specimen Weight: 4,4/ Ibs N B

Moisture Content after test: /@, 7 % R \_ :
MASS DATA
‘Mass Weight: L0 pounds

Mass impact Velocity: Z 2 fifsec VP

Mass Velodity Change: /. 5 f'sec 6" 72"

Gy
6"

TEMPERATURE EFFECTS ;'f—_

Ambient Temperature: /2 degrees F L

Specimen Temperature - before test: /72 (. degrees F

Specimen Temperature - after test: /¢ degrees F -

3 WOO} f; PLASTICS g,

TEST RESULTS 5 3 o 1S, TH S SH T H”
Fracture Energy: P et 1K , , 5 P
PostDEplaanentDuringin‘pact Sof in ¢ e G:15/Z'z7;£ 35/!“4 7%‘{/
Peak Force: /8, 2 ks o P> %, v o5 3,1
Average Force During Impact: 9, O Ibsklpg, L 15f 2 7% 354 /4 7 /9(

St ‘2.4_”




PENDULUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION

BY: (iddA DATE: If bé,,? i

TEST/No. W9
<

FRACTURE ENERGY (FE) = 1/2m{(Vi™*-Vi*")

_ where:
X m = weight of pandulum in pounds / 32.2

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

m= 62.11

Vi= 22.00

V= 20.556

FE= .3832.0317 FT-LB 3.83 FT-KIPS

where:
wt = weight of pendulum In pounds
g =322
Pa = maximum accelerations attained during fracture
wi= 4000
Pa= 4.8
PF= 19200 LB 19.2 KIPS

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

where:
Ti = time at impact In seconds
Tf = time at FE in seconds
Vi= 22.00
VE= 20.55
Ti = 0.00
Tf = 0.020
d= 0.4255 FT 5.106 iN

AVERAGE FORCE DURING IMPACT (Favg) = FE/d
FE = 3.83
d= 0.43

Favg = 9.01 KIPS




PROJECT NO.:

06-3906

SPONSCR: ~ MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE:  EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS
TestDate: [/ D iEr. TE . Testing Officia: (ﬁt Hokopy, —
/A A
SPECIMEN DATA
Specimen Number: % Material Type: (LoD
Spedimen Weight: (o~ lbs -l a
Moisture Content after test: 0./ % | SN \— YT
. 1
MASS DATA
Mass Weight: Lo O pounds -
Mass impact Velocity: Z 7 ft'sec Vo
Mass Velodity Change: /¢ f¥/sec 6" 72"
[
.
TEMPERATURE EFFECTS ;'r—"""
Ambient Temperatire: - 74 degreesF ,
Specimen Temperature - before test /4 [ degrees F
Specimen Temperature - after test: [ z/  degreesF - o
, WOOD & PLASTICS
TEST RESULTS | Sk 7% 5Pk I %

Fracture Energy:

Post Displacment During Impact™——_ &, G

Peak Force:

Average Force During impect 5,7

COMMENTS:

41 .2.«- MW’K]"&
n

G:‘-;; 2_7_& 3-_-('_2 s 2%
uuﬁ';f‘ 27'24 33?::7 41,’:!
5: &

20, 4 g Kips
H_;F}




PENDULLUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
BY:<Z /i DATE: // Dl > .
TeST No. W-10 :

FRACTURE ENERGY (FE) = t1/2m{Vt-Vi*")

where:
m = weight of pendulum in pounds / 32.2
Vi = pendulum impact velocity in feet per second
Vf = pendulum velocity after fracture
m= 62.11
Vi= 22.00
Vi= 20.40
FE= 4213.5424 FT-LB 4.21 FT-KIPS

PEAK FORCE {PF) =( wt /g }Pa * q)

where:
wt = weight of pendulum in pounds
g =322
Pa = maximum accelerations attained during fracture
wi= 4000
Pa= 5.1
PF= 20400 LB 20.4 KIPS

POST DISPLACEMENT DURING IMPAGT (d) = ((Vi+VH)/2)(Ti-Th)

where: N
Ti = time at impact in seconds
Tf = time at FE in seconds

Vi = 22.00

Vi = 20.40

Ti = ¢.00

T = 0.038

d= 0.742 FT 8.904 IN

AVERAGE FORCE DURING IMPACT (Favg) = FEA
FE = 4.21
d= 0.74

Favg = 5.68 KiPS




© PROJECT NO.: 06-3906

SPONSOR: = MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS
TestDate: // Dze 7 2. ‘ | Testing Official: \ﬁﬂ;ﬁ, /é-v[é,uy T
ey
SPECIMEN DATA
Specimen Nurmber: w) -1/ Material Type: (L Jeod
Spedimen Weight bhs lbs < \_..s
Moisture Content after test: /0,5~ % N \_ X
1

MASS DATA
Mass Weight: ApoO pounds -
Mass lmpact Velodity: 2 2 fVsec U
Mass Velodity Changs: 3,45 tsec g" 72"

6

&

TEMPERATURE EFFECTS . —
Ambient Temperaiire: 74 degrees F Lm_ \
Specimen Temperature - before test: /38 degrees F
Specimen Temperature - after test: (/&  degrees F -
: WOOD & PLASTICS
TEST RESULTS o 5% 2:1% 5% %
Fracture Energy: . - bt ' . -3
Post Dispiacrent During impact: /e 4 in 5;1_5—}'1 27;'1' 3;5_,%_ 47%
Peak Force: y bs
Awmgea?mmmm %L bs m-;;é Z_Zﬁ 3_6:% 1%

S:Z.GZ-

COMMENTS:




PENDULUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION

DATE: [/ Dgt 72

TEST No. W-11

FRACTURE ENERGY (FE) = 1/2m(Vi*-Vi*")

whers:
m = weight of pendulum in pounds / 32.2
Vi = pandulum impact velocity in feet per second
Vf = pendulum velocity after fracture
m= 62.11
Ly Vi= 22.00
o V= 18.50
FE= 8804.0925 FT-LB 8.80 FT-KiPS

PEAK FORCE (PF) =( wt/ g ){Pa * g)

whera:
wl = weight of pendulum in pounds
g =322
Pa = maximum accelerations attained during fracture
wt= 4000
Pa= 4.8
PF= 19200 LB 19.2 KIPS
POST DISPLACEMENT DURING IMPACT (d) = ({Vi+V{}/2)(TI-Tf)
where:
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi = 22.00
Vi = 18.50
Ti = 0.00
Tf = 0.045
dw 0.91125 FT 10.835 IN

AVERAGE FORCE DURING IMPACT (Favyg) = FEAd
FE= 8.80
d= 0.91

Favg = 9.66 KIPS




PROJECT NO.:  06-3906

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

MADE FROM RECYCLED PLASTICS
TestDate: /{ NE& 92 Testing Officia; é; /ZW

74 i

SPECIMEN DATA
Specimen Number: wJiz Material Type: Celop D
Specimen Weight: L7 bbs

Moisture Content after test: /3, 4 % R \_ 2
. 1
MASS DATA
Mass Weight: | 4000  ponds .
Mass impact Veloaity: 22 ft/sec U ———
Mass Velodity Change: /.2 fvsec &" 72"
Gl
g
TEMPERATURE EFFECTS ;‘r'_““'
Ambient Temperature: VBT degeesF Ly
Specimen Termperature - befors test: /32 degeesF Ry
Specimen Temperature - after test //G  degress F -
WOOD & PLASTICS
TEST RESULTS | 5 2% S 27
Frachsre Energy: 50 -5 A _ ; —
- Post Displacment During Impact ~ //, & in fr &s G”j% 27?’2 38 % 437%
Peak F : . b < -
Averagea?mmhghm %f_?i W{c_,;i 5% 2 012% 5% 1%

5 —

COMMENTS:




PENDULUM CALCULATIONS - MICHIGAN DEPAFE’TMENT OF TRANSPORTATION
DATE: /(02 72

FRACTURE ENERGY (FE) = t/2m(Vf"-Vi*"}

whera:
m = weight of pendulum in pounds / 32.2
Vi = pendulum impact velocily in feet per second
Vi = pendulum velocity after fracture
m= 62.11
Vi 22.00
Vi= 20.10
FE= 4968.1789 FT-LB 4.97 FT-KiPS

PEAK FORCE (PF) =( wt/ g }(Pa * g)

where:
wt = weight of pendulum in pounds
g =322
Pa = maximum accelerations attained during fracture
wi= 4000
Pa= 5.1
PF= 20400 LB 20.4 KIPS

POST DISPLACEMENT DURING IMPACT (d) = ({VEVIV2)(Ti-TH)

where:
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi = 22.00
Vi= 20.10
Ti = 0.00
T = 0.045
d= 0.84725 FT 11.367 IN

AVERAGE FORCE DURING IMPACT (Favg) = FE/d
FE= 4.97
d= 0.95

Favg = 5.24 KIPS




PROJECT NO.: 06-3906

SPONSCR: -~ MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS
TestDate: /2.~ f56 ~F 2. \ Testing Official: \@M Ly
v
SPECIMEN DATA
Specimen Number: wi(s Material Type: wWeoob
Specimen Weight: 4 ibs TAB
Moisture Content after test: Mo S % SN\ \ ¢
1

MASS DATA
Mass Weigtt: 400 O pounds -
Mass impact Velodity: 7 f'sec U —
Mass Veloaty Change: {i. 7 tsec g" 72"

6yt —

&
TEMPERATURE EFFECTS z"‘ '
Ambient Temperature: 6/ _ degressF i
Spaecimen Temperature - before test -3¢ degress F \
Specimen Temperature - after test: ~ /8 degrees F -
WOOQD & PLASTICS

TEST RESULTS | 5% 2 7% 1 5% « 2134
Fracture Energy: 4, & 1Y, WS ps :
Past Dispiacment Ouing Impact™— ¢ = n 1 $7% 2 7% 1S H 22
Peak Forge: {9, G bs < ps
Average Force During impect G. 2 b‘k:f»s L 1_{}{( ZZﬁ 3& 4274

5 _2_69__
COMMENTS:




PENDUL mpcuwms - MICHIGAN DEPARTMENT OF TRANSPORTATION
BY: DATE, /Z /o~ )2

TEST No. W-13

FRACTURE ENERGY (FE) = 1/2m{VH*-vi*™")

where:
m = weight of pendulum in pounds / 32.2
Vi = pendulum impact velocity in feet per second
Vi = penduilum velocity after fracture
m= 62.11
Vi= 22.00
Vi= 20.15
FE= 4843.1825 F7-LB 4.84 FT-KIPS

PEAK FORCE (PF) =( wt / g }(Pa * g)

whera:
wt = weight of penduium in pounds
g =322
Pa = maximum accelerations attained during fracture
Wi= 4000
Pa= 4.9
: PF= 19600 LB 19.6 KIPS

. POST DISPLACEMENT DURING IMPACT (d) = ((VisVIy2)(Ti-Tf)

where:
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi = 22.00
Vf = 20.15
Ti = 0.00
T = 0.025
d= 0.526875 FT 6.3225 N

AVERAGE FORCE DURING IMPACT (Favg) = FEMd
FE= 4.84
d= 0.53

Favg = 8.18 KIPS




PROJECTNO.:  06-3906

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS
TestDate: /2-/:" 772 . Testing Official; J& -“’1’5&;6(‘... Ve
SPECIMEN DATA
Specimen Nurmber: Lo (4 Material Type: U)@ab
Specimen Weight: ] ios \i—u
Moisture Corttertt after test: /4 8 % N \' <
. 1

MASS DATA
Mass Weight: 4000 pounds : -
Mass impact Velocity: 2. ft/sec U e
Mass Velogity Change: 2. fvsec 6" 72"

Gl

6"
TEMPERATURE EFFECTS N —
Ambient Temperature: X degrees F _}____ ,
Specimen Temperature - before test: -39 degreesF Y
Specimen Temperaturs - after test: —zo  degrees F -
. WOOD & PLASTICS
TEST RESULTS _ / ' u:15'% 2 1% 352;‘ 4 7%‘
Fracture Energy: EYE o 4074 - - £
fF;t:e:tDispiam'ien'lDur'l'lgimpa:: 2,8 n e 5;1_674 2 Z;"_‘): 3578 2%
eak F . o, 2 i P S

Awmg:?omwvaghmct 3,4 ﬁk,::, L.-1f;4 27}4 35‘%{ 4 72%

5 L(ﬂ_
COMMENTS:




PENDJLUM CALCULATIONS - MIGHIGAN DEPARTMENT OF TRANSPORTATION
DATE; {Z-72-T¢

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

whers;
m = weight of pendulum in pounds / 32.2
Vi = pendulum impact velocity in feet per second
Vi = pendulum velocity after fracture
m= 62.11
Vi= 22.60
Vi= 19.90
FE= 5485.0589 FT-LB 5.47 FT-KIPS

PEAK FORCE (PF) =( wt/ g }({Pa * g)

where:
wt = weight of pendulum in pounds
g= 322
Pa = maximum accelerations attained during fracture
wi= 4000
Pa= 5
PF= 20000 LB 20 KPS

POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Viy2)(Ti-TH

where:
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi = 22.00
Vi = 19.90
= 0.00
Tf = 0.035
d= 0.73325 FT 8.799 IN

AVERAGE FORCE DURING IMPACT {Favy) = FEA
FE = 5.47
d= Q.73

Favg = 7.45 KIPS




PROJECTNO.:  06-3906
SPONSOR: = MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE:  EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS
TestDate: /2 -/5-F 2 . Testing Official: 7\&4 i geeg—~
/
SPECIMEN DATA _
Specimen Number: wJ (S Material Type: Q)aab
Specmen Weight Ll los %‘\
Moisture Content afier test: /5, 4 % RN <) N
1
MASS DATA
Mass Weight: OO pounds -
Mass impact Velodity: 2 T f'sec U —
Mass Veloaty Change: 2,057 ft/sec 5" 72"
G
o
TEMPERATURE EFFECTS z"'
Ambient Temperature: < degrees F
Specimen Temperature - befors test — 24 degrees F \J _
Specimen Temperature - after test -/ 7 degrees F > -
WOOD & PLASTICS
TEST RESULTS | w5 B277% 2 5% 2%
Fracture Energy S5, 3 ot

PostDisp&aanentDwngiﬂpact &6

Peak Force:

Average Force During impect: 7. .5 ‘

COMMENTS:

1 5% 2 2% 5% 2%

‘_-129_‘2 :2% ﬁé 2%
5 o




PENDULUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
I L DATE: (2 /5~ %2

TESVNo. W-15
FRACTURE ENERGY (FE} = 1/2m(VI**-Vi*")
where:
m = weight of pendulum In pounds / 32.2
Vi = pendulum impact velocity in feset per second
Vf = pendulum velocity after fracture
M= 62 . 1 1
Vi= 22.00
o Vi= 18.95
FE= 5341.3047 FT-LB 5.34 FT-KIPS

PEAK FORCE (PF) =( wt / g ){Pa * q)

where:

wt = weight of pendulum in pounds

g = 32.2

Pa = maximum accelerations attained during fracture
Pae 5.2
PF= 20800 LB 20.8 KPS

POST DISPLACEMENT DURING IMPACT (d) = ({Vi+Vf)y/2)(TI-Tf)

whera;
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi =  22.00
Vi = 19.85
Tl = .00
Tf = 0.035
d= 0.734128 FT 8.80956 IN

AVERAGE FORCE DURING IMPACT {Favg) = FEAM
FE= 5.34
d= 0.73

Favg = ' 7.28 KiPS




PROJECT NO.: 06-3906

SPONSOR: *  MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS
TestDate: /2 ~ /- § 2 . Testing Official: Lo Dof e v
7 7
SPECIMEN DATA
Specmen Number: W /> Materia Type: U@Db
Specimen Weight C 4 s 3 _...
Moisture Content after test: /4, 2 % o~ \— S
1
MASS DATA
Mass Weight: 400 pounds
Mass impact Velocity: i f/sec e
Mass Velecity Change: 3,1 fUsec 6" 72"
G
6
TEMPERATURE EFFECTS S L
Ambient Temperature; L degrees F
Specimen Temperature - before test: — %2 degrees F \ |
Specimen Temperature - afer test: — 2/ degress F -
WOOD & PLASTICS
TEST RESULTS oc 5% 1% 1.5% 2%
Fracture Energy: 2.9 b P ' ' . |
Post Dispiacrent During Impact: 7, % n 'rs 5;1ﬁ27)’£ 3.5_% 413’1
Peak Force: 2.\ (o s fnre
Average Force During impect: 2.9 Sy ps L.-1J757 2774 3f;£ “7'&:1

COMMENTS:

s:&ée.




PENDUIIM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
BY: DATE: [2-/37»3 2
TESTMo. W-16 :

FRACTURE ENERGY (FE) = 1/2m({Vi=-Vi*")

where:
m = weight of pendulum in pounds / 32.2
Vi = pendulum impact velocity in feet per second
Vi = pendulum velocity after fracture
m= 62.11
Vi= _ 22.00
Vi= 18.90
FE= 7874.9269 FT-LB 7.87 FT-KIPS

I PEAK FORCE (PF) ={ wt / g )(Pa * g)

whers:
wt = weight of pendulum in pounds
g =322
Pa = maximum accelerations attained during fracture
wt= 4000
Pa= 5.4
PF= 21600 LB 21.8 KPS

POST DISPLACEMENT DURING IMPACT (d} = ({(Vi+VE/2KTi-TH

where:
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi= 22.00
Vi = 18.90
Ti = Q.00
Tf = 0.030
d= 0.8135 FT 7.362 IN

AVERAGE FORCE DURING IMPACT (Favg) = FE/d
FE= 7.87
de= 0.61

Favg = 12.84 KIPS




PROJECT NO.: 06-3906

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION

PROJECT TITLE:  EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS

TestDate: /2 -/, =7 2 ‘ Testing Official: /jy; ’ﬂt«;&«w
- 7o
SPECIMEN DATA
Spedimen Number: (W)~ 17 Material Type: L JsoD
Specimen Weight: L3> ibs %\
- Moisture Content after test. /4, Go % AN < 5
o . i
| MASS DATA
Mass Weight: 40060 pounds -
: Mass impact Velodty: 22 tUsec Vgporroro—
} Mass Velocity Change: /.25 tsec _‘ §" 72"
: ] G_r_._
-
TEMPERATURE EFFECTS :"“—““’
Ambiemt Termperature: S& degrees F 4
Specimen Temperature - before test = o4 __ degreas F |
Specimen Temperature - after test: /i, _degreesF D
Be WOOD & PLASTICS
- TESTRESULTS e Sk 2 2% 5% 2%
racture Energy: 4 . . f ¢ — <
;ostD'spiaanerﬂDuhginpact %'_/ in fr-taps 5;15’7?? 275 35 % 117%
P Fi : , = ke, l - »
Azkmge“?omemhghm N hu:,;,i oS 25 15K 28

S: —_Zi‘;.
COMMENTS:




PENDULM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
BY: (L DATE: [Z~/G-F 2
TEST Ho. W-17 :

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

where;
m = weight of penduium in pounds / 32.2
Vi = pendulum impact velocity in feet per second
Vi = pendulum velocity after fracture

m= 62.11

Vi= 22.00

Vi= 20.25

FE= 4592.2581 FT-LB 4.59 FT-KIPS

PEAK FORCE (PF) =( wt/ g ){Pa * g)

where:
wi = weight of pendulum in pounds
g =322
Pa = maximum accelerations attained during fracture
wi= 4000
Pa= 4.8
PF= 19200 LB 19,2 KiPS

POST DISPLACEMENT BURING IMPACT (d) = {{Vi+Vfy2)(Ti-Tt)

where:
i Ti = time at impact In seconds
Tt = time at FE in seconds
Vi= 22.00
Vi = 20.25
Ti= - 0.00
Tf = 0.020
d= 0.4228 FT 5.07 IN

AVERAGE FORCE DURING IMPACT {Favg) = FE/d
FE= 4.59
d= 0.42

Favg = 10.87 KIPS




PRQOJECT NO.; 06-3906
SPONSCR: MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE:  EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS
TestDae: /2 /(-9 2~ | Testing Official: [;Lo /’5’%_;.4,/——’
_Z/
v
SPECIMEN DATA
Specimen Nurmber: W-/8 Material Type: G seD
Specimen Weight: (p5~ s 3 a
Motsture Content after test: /6, 2 % W \_ N
1

MASS DATA
Mass Weight: 400  pounds i
Mass impact VeloGty: 2% f/sec U —
Mass Velocity Change: [, 5 Wsec s 72"

(R S

&
TEMPERATURE EFFECTS e
Ambient T O  degeesF |
Specimen Terrpefann - betore test: 1%/__ degress F i
Specimen Temperature - after test: — (% degreesF -
WOOD & PLASTICS '

TEST RESULTS |
Fracture Energy: 4, ©  palelips aEE] Zﬁ}; -3% ;,-
Post Displacment During Impact”___ 57 :‘K s 512gz713 7
Peak F: : g O !
Avsag:?m&ﬁwghm J@} e 75 157 2% 35’—’% W 775

COMMENTS:

S:Lh




PENDULKIM GALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
BY: ¢ DATE: | 2~/ 6 -7 =
TES :

FRACTURE ENERGY (FE)} = 1/2m(VE**-Vi*™)

where:
m = waight of pendulum in pounds / 32.2
Vi = pendulum impact velocity in feet per second
Vi = pendulum velocity after fracture
m= 62.11
Vi= 22.00
Vi= 20.50
FE= 3959.5125 FT-LB 3.96 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= 4000
Pa= 4.5
PF= 18000 LB 18 KIPS
POST DISPLAGEMENT DURING IMPACT (d) = ((Vi+VH/2)(Ti-Ti)
whera:
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi = 22.00
V= 20.50
Ti= 0.00
Tf = 0.020
d= 0.425 FT 5.1 IN

AVERAGE FORCE DURING IMPACT (Favg) = FEAd
FE = 3.96
d= 0.43

Favg = 9.32 KIPS




PROJECT NO.: 06-3906

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE:  EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS
) ' M
Test Date: /0 jf" ¢ 92— Testing Official: LQZ
SPECIMEN DATA .
Specimen Number: /OC / Material Type <77
Specimen Weight: /30 lbs N I
Moisture Content after test: Af/ﬁ % RN . X
‘ N
MASS DATA
Mass Weight: Lssw pounds -
Mass impact Velodity: ‘22 ft/sec U
Mass Velocity Change: 2,1 f/sec . 5" 72"
6
TEMPERATURE EFFECTS S R
Ambient Temperature: degrees F R ‘
Specimen Temperature - before test , 3 degrees F b
Specimen Temperature - after test: 7o degrees F -~
WOoOD & PLASTICS ; ,
TEST RESULTS | . St 9k skt 47
Fracture Energy: S Y o FrIRie n 8% &% 9/5/
Post Displacment During impact 70 n IC'P! 915/52 — .5J4 ,
Peak F s " “ /" Z
Avefago“?ocmmm 7,3 bg’k:,l?-_. U 7/3/ 64’ 5/f 4 6 4
. 26
COMMENTS: Dy tosey 7727




PENDULUM CALGULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
BY: DATE:
TEST No. PC-1

FRACTURE ENERGY (FE} = 1/2m(VI**-Vi*)

wherse;
m = weight of pendulum in pounds / 32.2
Vi = pendulul impact velocity in feet per second
Vf = pendulum velocity after fracture
m= 62.11
Vi= 22.00
Vi= 19.94
FEe- 5366.0804 FT-LB 5.37 FT-KIPS

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

where:
wt = waight of pendulum in pounds
g = 32.2
Pa = maximum accelerations attained during fracture
wi= 4000
Pa= 4.9
PF= 19600 LB 19.8 KIPS

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

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

Vi= 22.00

Vi = 15.94

Ti = 0.00

Té = 0.035

d= 0.733985 FT 8.8074 IN

AVERAGE FORCE DURING IMPACT (Favg} = FE/d
FE= 5.37
d= 0.73

Favg = 7.31 KIPS




PROJECTNO..  06-3906
SPONSOR: ~  MICHKGAN DEPARTMENT OF TRANSPORTATION

PROJECT TITLE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
- MADE FROM RECYCLED PLASTICS
TestDate: /8 DEC _FH Testing Official: Q; . Maiy
17 7
SPECIMEN DATA .
Spedimen Number: /C’c; Material Type: /MST/C
Spedmen Weight: [ 5/ ibs

Moisture Content after test /A % R < <
MASS DATA |
Mass Weight: 4 o0 pounds
Mass impact Velodty: ) ft/sec U o
Mass Velocity Change: /el f/sec 6" 72"
G ]
5"
TEMPERATURE EFFECTS y ;‘_“—
Ambient Temperature: (7.4 degrees F I
Specimen Temperature - betore test: 72,4 degrees F \ L
Specimen Temperature - after test: 7., degeesF Rin

WOOD & PLAST%CS

g 1
TEST RESULTS o e M sk, 9%"

Fracture Energy: (] o FTKPs 7 ‘
Past Dispiacment During impact: f,{. i . G: 15/'/ 7& 55704 f/f !
Peak Force: 74 u—-l\’:#’-f %~ ?% " 5’3 “ g J7 7
Average Force During Impact e, 4 b <,ps L_-1§ 2 3 4 4

5: .:;]éh

COMMENTS:  flopp dhi/ 774"

é(akeu N ’puw«f ; fop-)uaijf 5’@&&2 @n;if’mmuu&d




PENDULUM CALCULATICNS - MICHIGAN DEPARTMENT OF TRANSPORTATION
BY: DATE: / 21[:/_'0["_2 2
TEST No. PC-&

FRACTURE ENERGY {FE) = 1/2m{Vi**-Vi*")

where:
m = weight of pendulum In pounds / 32.2
Vi = pendulul impact velocity in feet per second
Vf = pendulum velocity after fracture
m= 62.11
Vi= 22.00
Vi= 20.45
FE= 4088.6827 FT-LB 4.09 FT-KIPS

I PEAK FORCE (PF) =( wt / g )(Pa * g)

whersg:
wt = weight of pendulum in pounds
g =322
Pa = maximum accelerations attained during fracture
wi= 4000
Pa= 4.5
PF= 18000 LB 18 KIPS

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

where:
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi = 22.00
Vi = 20.45
Ti = 0.00
Tf= 0.030
d= 0.83675 FT 7.841 IN

AVERAGE FORCE DURING IMPACT (Favg) = FE/d
FE = 4.09
d= 0.64

Favg = .42 KIPS




PROJECTNO.:  06-3906

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE:  EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS

Test Date: /o DFe G0~ Testing Official: N MA/?K.,

f.!
SPECIMEN DATA
Specimen Number: / 7 _\3‘ Material Type: f%/??f 77¢
Specimen Weight /32 bs

Moisture Contentt after test: /()’*//7" % N\ \_ S
;
MASS DATA
‘Mass Weight: é/ 240 pounds -
Mass impact Velodity: ‘22 fi/ssc U S
Mass Velocty Changs: 4,2 fi/sec 8" 72"
G.d
.

TEMPERATURE EFFECTS o
Ambient Temperatre: 7.2 degrees F i S
Specimen Temperature - before test: L3.L degreesF b
Specimen Temperature - after test: 7/  degrees F - o

, | WOOD & PLASTICS .
TEST RESULTS P PE v X% 3 59 ;f
Fost Dsplacant During impact g?? SRS 5% ”z??"sé*/a'” ?J{"’:

bs < 4 "

erage Farco Durg Impact. 7o b & s 5% 9% 54 7%

s
COMMENTS:




PENDULUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION

FRACTURE ENERGY (FE) = t1/2m{Vf**-Vi*")

where:
m = waight of pendulum in pounds / 32.2
Vi = pendulul impact velocity in feet per second
Vi = pendulum velocity after fracture
M= 62.11
Vi= 22.00
Vi= 20.72
FE= 3396.2742 FT-LB 3.40 FT-KIPS

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

whera:
wt = weight of pendulum in pounds
g = 32.2
Pa = maximum accelerations attained during fracture
wi= 4000
Pa= 5.2
PF= 20800 LB 20.8 KIPS
POST DISPLACEMENT DURING IMPACT (d) = {({Vi+VH)/2)(TI-TH)
where;
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi= 22.00
Vi = 20.72
Ti = .00
T = 0.015
d= 0.3204 FT 3.8448 [N

AVERAGE FORCE DURING IMPACT (Favg) = FE/d
FE= 3.40
d= 0.32

Favg = 10.60 KIPS




PRQUECT NO.: 06-3906

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPOHRTATION
PROJECT TITLE: EVALUATION OF THE DYNAMIC STRENGTH OF GUAF!DRAIL POSTS
MADE FROM RECYCLED PLASTICS
TestDate: // fok/ 72 Testing Official: 2{ , /9742&4,.
SPECIMEN DATA .
Specimen Number: o d Material Type: ZMJ 7IE
Spedimen Weight /275" s <
Moisture Content after test: /W A % ‘R \_ :
1
MASS DATA
Mass Weight: fLoov pounds .
Mass impact Velodity: 35 fsec U o
Mass Velocity Change: I ft/sec 6" 72
[ S—
o
TEMPERATURE EFFECTS %
Ambient Temperature: A degrees F B B
Specimen Tomperature - before test: degrees F \ L
Specimen Temperature - after test Zf degrees F -
| wooo & PLASTICS {
TEST RESULTS ay ) 5k, c;/ S 9%
: b gl =i ps ’” "/ Yo ¥ er
R SR 0 L T
P Fi ‘ o 1
Aev:age“?omowhghmad: _ézo_ ibs ’ L15ff ‘?({ 35/V ﬁ/
- 5 _&;

COMMENTS: [0 st 7% “
7 7




PENDURUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION |
pATE: /2//)1/%

FRACTURE ENERGY (FE) = 1/2m(Vi**-Vi*")

where;
m = weight of penduium in pounds / 32.2
Vi = pendulul impact velocity in feet per second
Vf = pendulum velocity after fracture
m= 62.11
Vi= 22.00
Vi= 20.72
FE= 3396.2742 FT-LB 3.40 FT-KIPS

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

where:
wt = weight of pendulum in pounds
g =322
Pa = maximum accelerations attained during fracture
wi= 4000
Pa= 4.5
PF= 18000 LB 18 KIPS

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

where:
: ' _ Ti = time at impact in seconds
Tf = time at FE in seconds
Vi = 22.00
Vi = 20.72
T = Q.00
Tf = 0.020
d= 0.4272 FT 5.1264 [N

AVERAGE FORCE DURING IMPACT (Favg) = FE/d
FE = 3.40
d= 0.43

Favg = 7.95 KIPS




PRCJECT NO.: 06-3906

SPONSOR: = MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE:  EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS
TestDate: ZL // AAA 7:)’ Testing Officiai: 3(. M""’Vb
[/ J
SPECIMEN DATA .
Specimen Number: ’ﬂé’, i Material Type: /Zﬂé;’ /C
Spedimen Weight: /30,5 los .l .
Moisture Content after test: N/ B % SN \ {
T
MASS DATA
Mass Weight: Lew o pounds -
Mass Impact Velodity: T2 ft/sec [V — ‘
Mass Velocity Change: /& t/sec g" 72"
Gl
_ 6

TEMPERATURE EFFECTS _:"
Ambient Temperature: 7  degreesF 1!
Specimen Temperature - before test: '/, 4 degrees F \
Specimen Temperature - after tast: 7L, L degrees F -

WOOD & PLASJ]CS 7.,
TEST RESULTS o Wy YAk
Fraciure Energy: N b4y Pr—i<ps 3 > 3 . o7
Post Displacment During Impact: /jz_ n G;1§//'29;{;’35/5/44f//
Peak Force: < e #
Avatagea:eotm During impect 22; :::(,zj- L 15%{‘”2 9 {”3 5/5/’ 4 ? 4‘

5 éﬂ”
COMMENTS:




PENDYLUM AL ULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION

BY: e DATE: /%Z}: 1 9w

TEFN No. PC-5

FRACTURE ENERGY (FE} = 1/2m{Vi**-Vi*")

where:
m = weight of pendulum in pounds / 32.2
; Vi = pendulum impact velocity in feet per second
: Vt = pendulum velocity after fracture
m= 62.11
Vi= 22.00
V= 20.48
FE= 4061.2736 FT-LB 4.08 FT-KIPS

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

where:
wi = weight of penduium In pounds
g =322
Pa = maximum accelerations attained during fracture
wi= 4000
Pa= 5.3
PF= 21200 LB 21.2 KIPS

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

where:
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi = 22.00
Vi = 20.46
Ti = 0.00
Tf = $0.040
d= 0.8492 FT 10.1804 IN

AVERAGE FORCE DURING IMPACT (Favg) = FE/d
FE= 4.06
d= 0.85

Favg = 4.78 KIPS




PROJECT NO.: 06-3906

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE:  EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS
TestDate:  // AOQ g2 Testing Officiat: 9< Marpn
[74
J
SPECIMEN DATA
Spedimen Number: / 7/ Material Type: /Zé’éf/a
Spedimen Weight: /63 Ibs - 3
Moisture Conitent after test: A/A % R \_ _ S
B )
MASS DATA |
Mass Weight: Lgsd pounds , -
Mass impact Velocty: " o e ft'sec |
Mass Velocity Change: [ ft'sec 6" 72"
Gy
&
TEMPERATURE EFFECTS S Ea—
Ambiert Temperature: é'7 degrees F R S
Specimen Temperature - before test: EZ:E degrees F
Specimen Temperature - after tast: 70,/ degressF -
. WOO% & PLA%T!CS 7
TEST RESULTS , S IWEH, T
Fracture Energy: 2,7 LA : 3 3,
PosthngpiacrneraningIn'pact :ﬁt;z_ l:ﬁzjz G:15/$’"z 7?’[’3 5/4/!:4 7},?(/
Peak Force; e BE&PS v o3 7
Average Foroe During impact S hearps S T EH T

5 3.?4_”
COMMENTS:




PENDULUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
: DATE: (ZZH[&‘ ]

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

where;
m = weight of pendulum in pounds / 32.2
Vi = pendulum impact velocity in feet per second
Vf = pendulum velocity after fracture
M= 62.11
Vi= 22.00
Vi= ) 20.89
FE= 2696.81 FT-1B 2.70 FT-KIPS

PEAK FORCE (PF) =( wt/ g }{Pa * g}

where:
wi = weight of pendulum in pounds
g = 32.2
Pa = maximum accelerations attained during fracture
wt= 4000
Pa= : 4.5
PF= 18000 LB 18 KIPS

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

where:
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi = 22.00
Vi = 20.99
Ti = 0.00
Ff = 0.020
d= 0.4299 FT 5.1588 IN

AVERAGE FORCE DURING IMPACT (Favy) = FEA
FE= 2.70
d= 0.43

Favg = 6.27 KIPS




PROJECT NO.: 06-3906

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE:  EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS
TestOate: 2% fal 73 Testing Official: Q( My
[ &
SPECIMEN DATA )
Specimen Number: 75 - / Material Type: /%45/770 (4(7{5 [ A 500
Spedimen Weight: /Dle Ibs T‘\S
Moisture Content aftertest  ___ A//4) % ~ 2
I .

MASS DATA
Mass Weight: %ﬂb’?) pounds "
Mass impact Velodity: 22 fi/ssc U -
Mass Velocty Change: ) t/sec 6 72"

Gt .

g
TEMPERATURE EFFECTS ;*f‘—""
Ambient Temperature: &Y degreesF A —
Specimen Temperature - before test: degrees F \ |
Specimen Temperature - after test: degrees F > o
. WOQD & PLASTICS 2, 0

TEST RESULTS S AN IR 4 ;
Fracture Energy: T e Ml s . on 7
Post Displacment During Impact: 5o n ; ’ a1&” , 7t & 7% ,
Peak Force: 2ds 2 be | o " 7 ] 7
Avefag:?m&ﬂuhm Zt-ﬁf | SR A 27%/3 4( 47/f

o
o b

COMMENTS:




PENDULUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
oY:_fbe " i OATE: Z/24/97
TESF No. TA-1

FRACTURE ENERGY (FE} = 1/2m{V*-Vi*")

wherae:
m = weight of pendulum in pounds / 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= 2540.1437 FT-LB 2.54 FT-KIPS

PEAK FORGE (PF) =(wt/ g )(Pa * g)

where:
wt = welight of pendulum in pounds
g =322
Pa = maximum accelerations attained during fracture
wi= 4000
Pa= 5.3
PF= 21200 LB 21.2 KIPS

POST DISPLACEMENT DURING IMPACT (d) = ((VisV)i2)(Ti-Th)

whaere:
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi = 22.00
Vi = 21.058
Ti = 0.00
Tt = 0.035
d= 0.7563375 FT 9.0405 IN

AVERAGE FORCE DURING IMPACT {Favg) = FE/d
FE= 2.54
d= 0.75

Favg = 3.37 KIPS




PROJECT NO.: 06-3906

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS
TestDate: 24 F£S 73 Testing Official: 9 WWV
/4 7
SPECIMEN DATA .
Specimen Number: JH~ 2 Material Type: ALAS Te
Spedmen Weight: /b ‘/ Ibs %)\
Moisture Content after test; /d / A % 4 : $
AN 1
'MASS DATA
Mass Weight: 6//@0 pounds
Mass impact Velodity: 22_ fi/sec ¥ P——
Mass Velocity Change: /.0 ft/sec 6" 72"
| T A
‘ 6"
TEMPERATURE EFFECTS 4
Ambient Temperature: (O degreesF 4
Specimen Temperature - before test: 7o degrees F \
Specimen Temperature - after test: 7.4 degrees F o
. WOQCD & PLASPCS 2 4
TEST RESULTS : o L2 9" 6" %
Fracture Energy: 2,4 et 7 1 5 ' i “ 9 7 "
Post Disptacment During Impact™_ %, 5 n AT A R
Peak Force: e o dbs N7 v “ L 7 3?‘/
Average Force During Impact: 7,4 | e vl & 2 ? 3 4
24 "
5 ——F

COMMENTS:




PENDULRUM CAHCULATEONS MICHIGAN DEPARTMENT OF TRANSPORTATION

BY: (> - ho~ DATE: 2/ /3%

TESTNo. TA-2 ‘ i

FRACTURE ENERGY (FE) = 1/2m(VI**-Vi**)

where:
m = weight of pendulum in pounds / 32.2
Vi = penduium impact velocity in feet per second
Vi = pendulum velocity after fracture

m= 62.11

Vi 22.00

Vi= 21.10

FE= 2409.2469 FT-LB 2.41 FT-KIPS

PEAK FORCE {PF) =( wt/ g )(Pa * g)

whera:
wt = weight of pendulum in pounds
g =322
Pa = maximum accelerations attained during fracture
wt= 4000
Pa= 5.8
PF= 22400 LB 22.4 KIPS

POST DISPLACEMENT DURING IMPACT (d) = ({Vi+VI)2)(Ti-Tf)

where:
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi = 22.00
Vi = 21.10
Ti = 0.00
Tf = 0.015
d= 0.32325 FT 3.879 IN

AVERAGE FORCE DURING MPACT (Favg) = FEA
FE= 2.41
d= 0.32

Favy = 7.456 KIPS




COMMENTS:

PROJECT NO.. 06-3906 -
SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS
Testpate: o2 /1t G5 © Testing Official: Qr Na,,
v 7
SPECIMEN DATA ,
Specimen Number: 77-3 Material Type: /%/?5 7/c.
Spedimen Weight: SOl Ibs -3 .
Moisture Content after test: AIA % N <> :
1
'MASS DATA
Mass Weight: £pp0 pounds
Mass Impact Velodity: Sl ft'sec [
Mass Velocity Change; 10 ft/sec 6" 72"
0 AN—
6“
TEMPERATURE EFFECTS .
Armblent Temperature: 0 dogreesF U}
Specimen Temperature - before test: 22 degreesF \ |
Specimen Temperature - after test: g.5 degreesF N
WOOD & PLASTICS 20
TEST RESULTS o " o b 9 b T%
Fracture Energy: - e oAt T e g ” ‘ 240
Post Displacment During Impact: EYRL in ‘ G 1 ¢ 2 f 3 ,41 4 7/7
Peak Force: e, & Jbg ¢ o P T P Y
Average Force During impact: 12,17 Jbs;\f,p{_, L 4’ ‘ 2 f 34’ 4 7/5
5: ‘gé "




PENDULUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
BY: %o Tile:f — DATE: Lz, FE
TEST No. TA-3 / ‘

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

where:
m = weight of pendulum in pounds / 32.2
Vi = pendulum Impact velocity in feet per second
Vi = pendulum velocity after fracture
m= 62.11
Vi= 22.00
Vi 21.02
FE= 2618.5328 FT-LB 2.62 FT-KIPS

PEAK FORGE (PF) =( wt/ g )(Pa * g)

where:
wt = weight of pendulum in pounds
g =322
Pa = maximum accelerations attained during fracture
wi= 4000
Pa= 5.7
PF= 22800 LB 22.8 KIPS

POST DISPLACEMENT DURING IMPACT (d) = ((Vi«VR/2)(Ti-Tf)

where:
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi = 22.00
Vi = 21.02
Tl = 0.00
Tf = 0.010
d= 0.2151 FT 2.8812 IN

AVERAGE FORCE DURING IMPACT (Favg) = FE/d
FE= 2.82
g 0.22

Favg = 12.17 KIPS



PROJECT NO.:
SPONSOR: ™
PROJECT TITLE:

06-3906

MADE FROM RECYCLED PLASTICS

MICHIGAN DEPARTMENT OF TRANSPORTATION
EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS

Test Date: b_—-f'_"_‘g_ 3, ?Z Testing Official
SPECIMEN DATA
Specimen Number: S/ Material Type: ST s
Specimen Weight: 54 los T“

NN ™
Moisture Content after test: A % 4 1 _

N
MASS DATA
Mass Weight: Fo0 O pounds .
Mass Impact Velodity: 22 O ftsec T
Mass Velocity Change: S8 tisec ot { 2
TEMPERATURE EFFECTS .
Ambient Temperare: S  degeesF
Specimen Temperature - before test: —zs  degeesF
Smdmen‘l'enperatua-a!htsst —/ degrees F STEEL
TEST RESULTS o T SR R
Fracture Energy: /2.4 ot D17k ip s c1 4 2 b s 4 4 G
Post Displacment During Impact Ly, & in
Peak Force: 23, 2 8 iP5 I F e fp s 4 4 b
Average Force During impact 54 PERIPs e
5:

COMMENTS:




PENDULUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
DATE: /2

FRACTURE ENERGY (FE) = 1/2m(VI**-Vi*")

where:
m = weight of pendulum in pounds / 32.2
Vi = pendulul impact velocity in feet per second
Vf = pendulum velocity after fracture
m= 62.11
Vi= 22.00
Vi= 17.08
FE= 12048.042 FT-LB 12.05 FT-KIPS

PEAK FORCE {(PF) =(wt/g)(Pa*g)

where:

wt = weight of pendulum in pounds

g =322

Pa = maximum accelerations attained during fracture
wt= 4000
Pa= 5.8 _

PF= 23200 LB 23.2 KIPS

POST DISPLACEMENT DURING IMPACT (d) = ((Vi+VH2)(Ti-Tf)

whers:
Ti = time at impact in seconds
Tt = time at FE in seconds
Vi= 22.00
Vi = 17.03
Ti = 0.00
Tf = 0.04
d= 0.7808 FT 8.3672 IN

AVERAGE FORCE DURING IMPACT (Favg) = FE/d
FE= 12.05
d= 0.7808

Favg = 15.43 KIPS




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

MADE FROM RECYCLED PLASTICS

Test Date: / 2!/0 :5’/? z

SPECIMEN DATA
Spedmen Number: 5 - Material Type:
Specimen Weight: S Ibs
Moisture Content after test: /Mﬁ) %
MASS DATA
Mass Weight: 4000 pounds
Mass impact Velodity: 27, O f/sec
Mass Veiocty Change: 28 fVsec
TEMPERATURE EFFECTS
Ambient Temperature: 5%  degreesF
Specimen Temperature - before test —2f degress F
SpedmanTenpem.m-aﬂara;t: —_—1 L degrees F STEEL
TEST RESULTS | m Dt o b 59 ok
Fracture Energy: 9.4 MF’?’-—&,P_; 14 2. 6 3.4 « b
Post Displacment During impact 2, £ n
Peak Force: 22,4 g K, P 1 4 L s 4 4
Average Force During impact: L3 4 P2 s L
5:

COMMENTS:

Testing Officia: ﬁz*"/é«,/w«/
P a—a




PENDULLUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
A DATE: /%go 3{?‘2,

FRACTURE ENERGY (FE) = 1/2am{Vi**-Vi*"}

where:
m = weight of pendulum in pounds / 32.2
Vi = pendulul impact velocity in feet per second
Vi = pendulum velocity alter fracture
m= 62.11
Vi 22.00
Vi= 18.23
FE= 9420.0436 FT-LB 9.42 FT-KIPS

PEAK FORCE (PF) =( wt / g }{Pa * g)

where:
wt = waight of pendulum in pounds
g=322
Pa = maximum accelerations attained during fracture
wt= 4000
Pa= 5.8
PF= 22400 LB 22.4 KIPS

PCST DISPLACEMENT DURING IMPACT (d) = ((Vi+VO/2}Ti-Tf)

where:
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi= 22.00
Vi = 18.23
Ti = 0.00
Tf = 0.04
d= 0.704025 FT 8.4483 IN

AVERAGE FORCE DURING iIMPACT (Favg) = FEAM
FE = _ 9.42
d= 0.70

Favg = 13.38 KIPS
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PROJECT NO.. 06-3906

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS

TestDate: D=c. 3 G2 .

d/;;fz, "’Z%ﬁ,fx it
Z -

; Testing Official:
SPECIMEN DATA
Specimen Number: 53 Material Type: STEE
Spedimen Weight: 54 Ibs \TB\
Moisture Content after test: MQ % 4 : \— <
MASS DATA |
Mass Weight: 4o pounds 9’
Mass Impact Velodity: 2.0 tisec T
Mass Velodty Change: L, L #/'sec G_G
_ 6"
’ L
TEMPERATURE EFFECTS 5
Ambient Temperatire: S 7, > degressF
Specimen Temperature - before test: —24  degrees F
SpedrmnTen‘peraua-aﬂartast — Ll degress F STEEL
TEST RESULTS o O R S
Fracture Energy: /9.2 et FE-LPs 1 4 2 b 34 4l
Post Displacment During impact g 3 in )
Peak Force: : 22,0 BELrs c1 4 2 G 3 € ¢ b
Average Force During impect /S 47 be & ps ;

COMMENTS:;

5:2"




PENDULUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
BY: 4 DATE: (2~-3-92

TEBT No. 5-3

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

where:
. m = weight of pendulum in pounds / 32.2
Vi = pendulul impact velocity in feet per second
Vf = pendulum velocity after fracture
m= 62.11
Vi= 22.00
Vi= 17.64
FE= 10734.496 FT-LB 10.73 FT-KIPS

PEAK FORCE (PF) =( wt/ g }(Pa * g)

where;

wi = weight of pendulum in pounds

g =322

Pa = maximum accelerations aftained during fracture
Pa= 5.5
PF= 22000 LB ' 22 KPS

POST DISPLACEMENT DURING IMPACT (d) = ((Vi+VIV2){Ti-Tf

where:
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi = 22.00
Vi = 17.64
Ti = 0.00
Tf = 0.038
d= 0.6937 FT 8,3244 IN

AVERAGE FORCE DURING IMPACT (Favg) = FE/
FE= 10.73
d= 0.69

Favg = 15.47 KIPS
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PROJECT NO.. 06-3906

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION

PROJECT TITLE:  EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS

TestDate: /Z — 2= 7 2.- ‘ Testing Official: (Z;;,; // L{;;é -
?/i f

SPECIMEN DATA _

Specimen Number: S - 4’ Material Type: STEEC

Specimen Weight: 53,5 Ibs T\

Moisture Content after test: A % EF;F;:X_
7 AN

MASS DATA
Mass Weight: o000 pounds y |
Mass Impact Velodity: 2. O fvsec T ' ]
Mass Velocity Change: ! f'sec G i e

- :

. L.

TEMPERATURE EFFECTS 5 "
Ambient Temperature: {0/ degessF |
Specimen Temperature - before test — 3o  degrees F
Specimen Temperature - after test — /7 degrees F STEEL
TEST RESULTS | m g2 b3 g e b
Fractues Energy. g ;ﬂ‘./Z ' rﬂﬁr‘—krm e 4 2 - 14 4 b
Peak Force: >z 9 bs <75 w42 b 34 4l
Average Force During impect; i2,7 bs L. ps

5t _.2..@’_.
COMMENTS:




PENDULUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
; DATE: /223;['22

FRACTURE ENERGY (FE) = 1/2m{VE*“-Vi*")

where:
m = weight of pendulum in pounds / 32.2
Vi = pendulum impact velocity in feet per second
Vf = pendulum velocity after fracture

m= 62.11

Vi= 22.00

Vi= 17.92

FE= 10116.079 FT-LB 10.12 FT-KIPS

PEAK FORCE (PF) =( wt/ g }{(Pa * g)

where:
wt = weight of pendulum in pounds
g =322
Pa = maximum accelerations attained during fracture
wi= 4000
Pa= 5.7
PF= 22800 LB 22.8 KPS

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

| whera:
‘ Ti = time at impact in seconds
Tf = time at FE in seconds
Vi= 22.00
Vi = 17.92
Tl = 0.00
Tf = 0.040
d= 0.7984 FY 9.5808 IN

AVERAGE FORCE DURING IMPACT (Favg) = FEA
FE= 10.12
d= 0.80

Favg = 12.67 KIPS




PROJECT NO.:
SPONSOR:

PROJECT TITLE:

06-3906

MICHIGAN DEPARTMENT OF TRANSPORTATION

EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS

Test Date: /2;/3;/91 Testing Official A
SPECIMEN DATA
Specimen Number: = —.5 | Material Type
Specimen Weight: 57 bs
Moisture Contert after test: /Z/A} %
MASS DATA
Mass Weight: H4OD0 pounds
Mass impact Velodty: "2 2. ft/sec
Mass Velocty Changs: o4 & ft/sec
TEMPERATURE EFFECTS
Ambient Temperaasre: { 2. degrees F
Spedimen Temperature - betore test =z degrees F
Spedrmn'!‘ecmemua-anerbgt — /5~ degressF
TEST RESULTS | 14 2 & s 4wl
sty Ihe - paPFEEPs 4, s 4 b
, o in
Peak Forca: Pact gz.q b /< P5 w1 4 2 b 3 4 4 L
Average Force During impect 17,0 BeKi s
S &

COMMENTS:




PENDULUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
2 Z

FRACTURE ENERGY (FE) = 1/2m{Vf**-Vi*")

where:
™ = welght of penduium in pounds / 32.2
Vi = pendulum impact velocity in feet per second
Vf = pendulum velocity after fracture
m= 62.11
Vi= 22.00
Vi= 17.22
FE= 11643.861 FT-LB 11.64 FT-KIPS

PEAK FORCE (PF) =(wt/ g ){Pa * g)

whers:
wt = weight of pendulum In pounds
g = 32.2
Pa = maximum accelerations aftained during fracture
Wi= 4000
Pa= 5.8
PF= 22400 LB 22.4 KIPS

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

where:
Ti = time at impact in seconds
L Tf = time at FE in seconds
Vi= 22.00
Vf = 17.22
T = 0.00
Tf = 0.0356
& d= 0.68635 FT 8.2362 IN

AVERAGE FORCE DURING IMPACT (Favg) = FE/d
FE = i1.64
d= 0.69

Favg = 16.96 KIPS




PROJECT NO.: 06-3906 ~

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS

TestDate: /72— 792 Testing Official: A%/‘/lu«/
4 yd

SPECIMEN DATA : '

Specimen Number: S ( ) Material Type: S C&‘EL .

Spedimen Weignt: S lbs 3

Moisture Content after test: /(’/A % T —'1—
MASS DATA 1
‘Mass Weight: ' H4Op 0 pounds
Mess imact Vet Te b |
Mass Velocity Change: o fi/sec o .
G
- -
TEMPERATURE EFFECTS = L] L
Ambient Temperahre; 5 g degrees F 5 |
Specimen Temperature - before test: 120 degrees F - |
Specimen Temperature - after test: 1/ 5 degrees F
' STEEL
TEST RESULTS | s |
Fracture Energy: i, et Ot s wi_ g 2 Q i 4 s b
Post Dispiacment During Impact: 4 i . ﬁ | A s é
Pg Force: | f{. CZ._ Es Kefs G 2 :
Average Force During Impact: 75t lbskf_flj Sl 2l 3 Y s

5 .ga.
COMMENTS:




PENDULUM CALGULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
BY: DATE: /[ 2-7-%2
No. 86 '

TE

FRACTURE ENERGY (FE) = 1/2m(Vi**-Vi*")

where:
m = weight of pendulum in pounds / 32.2
Vi = pendulum Jmpact velocity in feet per second
Vi = pendulum velocity after fracture
m= 62.11
Vi= 22.00
Vi= 17.65
FE= 10712.578 FT-LB 10.71 FT-KIPS

' PEAK FORCE (PF) =( wt/ g ){Pa * g)

where:
wt = weight of pendulum in pounds
g =322
Pa = maximum accelerations aftained during fracture
wt= 4000
Pa= 5.4
PF= 21800 LB 21.6 KIPS
POST DISPLACEMENT DURING IMPACT (d) = ((VI+VE/2)(TI-Tf)
where:
Ti = time at impact in seconds
Tf = time at FE in seconds
Vi= 22.00
Vf = 17.22
Ti = 0.00
TH = 0.0356
d= 0.68635 FT 8.2362 IN

AVERAGE FORGE DURING IMPACT (Favg) = FE/d
FE= 10.71
d= 0.89

Favg = 15.81 KIPS




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

MADE FROM RECYCLED PLASTICS

COMMENTS:

Test Date: /_Z -7 ? 2 Testing Officiai: /%l—z, 4%44,?/ e
% 7

SPECIMEN DATA B

Specimen Number: S Material Type: STEe

Specimen Weight: S 4 Ibs 3

Moisture Content after test: /(]/) % N 2
MASS DATA | i
Mass Weight: 4 0 [ O pounds |

Mass Impact Velocity: e fsec Yo ’l

Mass Velocity Change: =9 f/sec o o0

G _‘;._..- ‘

TEMPERATURE EFFECTS L——--—-—“

Ambient Temperature: 5 5”0 degrees F S : '

Specimen Temperature - before test: /2 degrees F \ \
Specimen Temperature - after test: // degrees F

STEEL

TEST RESULTS ' AR A
Fracture Energy: C?, 2 b-ft

Post Displacment During Impact__ <7 in AT B
Peak Force: 13, ibs

Average Force During impact: 7 Ibs T A A

s 26




PENDU UM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
DATE: Za 2[5 %

FRACTURE ENERGY (FE} = 1/2m{Vf**-Vi**}

where:
m = weight of pendulum in pounds / 32.2
Vi = pendulum impact velocity in feet per second
Vf = pendulum velocity after fracture
m= 62.11
Vi 22.00
Vi= 18.35
FE= 8147.40585 FT-LB 9.15 FT-KIPS

PEAK FORCE (PF) =( wt/ g }(Pa * g)

where:
wt = weight of pendulum in pounds
g =322
Pa = maximum accelerations attained during fracture
wi= 4000
Pa= 5.8
PF= 23200 LB 23.2 KIPS

POST DISPLACEMENT DURING IMPACT {d) = {(Vi+VI)}2)(Ti-Th

where:
Ti = time at impact In seconds
Tf = time at FE in seconds
Vi= 22.00
Vi = 17.22
Ti = 0.00
Tf = 0.040
d= 0.7844 FT 9.4128 IN

AVERAGE FORCE DURING IMPACT (Favg) = FE/d
FE = 9.15
d= 0.78

Favg = 11.66 KIPS
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PROJECT NO.; 06-3906
SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS
TestDate: /2 — 7% 7 Testing Otficial: dfb /7 _",/_;;M,,,,-—
7 I
7
SPECIMEN DATA <
Specdimen Number: - 8 Material Type: f vl il B
Specimen Weight: 5S4 Ibs

COMMENTS:

Moisture Content after test: /(/»4 % ~ ~ _
AN
MASS DATA
‘Mass Weight: HOOO  pounds
Mass Impact Velodity: s fi/sec U_
Mass Velodty Change: <. {, ft/sec 6" 73¢
G ]

. I

6
TEMPERATURE EFFECTS - “
Amblent Temperature: 57 degeesF s
Specimen Temperature - before test: (5O degrees F d
Specimen Temperature - after test: ;zz _degreesF L

STEEL

TEST RESULTS . ur 4 2 b g A
Fracture Energy: [f, Z -t ' ' P
Post Displacment During Impact: AP in w14 26 34 4G
Peak Force: 23, 2 lbs .
Average Force During Impact: /s Ibs L1 4 2 b 14 4 le




PENDUL,UM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
DATE: (2 ~7-f2-

FRACTURE ENERGY (FE) = 1/2m{Vi**-Vi**)

where:
m = weight of pendulum in pounds / 32.2
Vi = pendulum impact velocity in feet per second
V§ = pendulum velocity after fracture
m= 62.11
Vi= 22.00
Vi= 17.44
FE= 11170.26 FT-LB 11.17 FT-KIPS

PEAK FORCE (PF) =( wt/ g )(Pa * @)

whera:
wt = weight of perdulum in pounds
g = 32.2
Pa = maximum accelerations attained during fracture
Wi= 4000
Pa= 5.8
PF= 23200 LB 23.2 KIPS

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

whoere:
Ti = time at Impact in seconds
Tf = time at FE in seconds
Vi= 22.00
Vi = 17.22
Ti = 0.00
Tf = 0.035
d= 0.68635 FT - 8,2382 IN

AVERAGE FORCE DURING IMPACT (Favg) = FE/
FE= 1117
d= 0.69

Favg = 16.27 KIPS




COMMENTS:

PROJECT NO.: 06-3906

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION

PROJECT TITLE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS

MADE FROM RECYCLED PLASTICS
TestDate: (2 -7 -9 2 Testing Official: (Zﬂa ‘J[%"'//W—"‘
Vd 2

SPECIMEN DATA __

Specimen Number: S-9 Material Type: S7TEE

Specimen Weight: 4 Ibs 3

Moisture Content after test: /[/ 4 % 4 : ¢
MASS DATA |
“Mass Weight: 4000  pounds

Mass impact Velodiy: 22 f/sec U

Mass Velocity Change: 3,/ ft/sec 6 72

i W

TEMPERATURE EFFECTS 5

Ambient Temperature: S5 G  degreesF

Specimen Temperature - before test: /34" degrees F

Specimen Temperature - after test: [ /5 degrees F

STEEL

TEST RESULTS . b o 4
Fracture Energy: 7.8 -t v Zf 2 éb } Lo
Post Displacment During Impact™ @, = in a1 4 2o 34 4 (s
Peak Force: A fos

Average Force During impact: /4 lbs c1. % 2 (s 3 Z/‘ A

5, &b




PENDULUM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION

DATE: /2-7~92

FRACTURE ENERGY (FE) = $/2m({VF**-Vi**)
whera:
m = weight of pendulum in pounds / 32.2
| VI = pendulum impact velocity in feet per second
! Vi = pendulum velocity after fracture
m= 62.11
N Vi= 22.00
Vi= 18.93
FE= 7804.4383 FT-LB 7.80 FT-KIPS
PEAK FORCE (PF) =(wt/ g )}Pa* @)
where:
wt = weight of penduium in pounds
g = 32.2
Pa = maximum acceierations attained during fracture
wt= 4000
Pa= 4.8
PF= 19200 LB 18.2 KIPS

POST DISPLACEMENT DURING IMPACT (d} = ((Vi+VIy2)(TI-T§)

whera;
Ti = time at impact in seconds
Tt = time at FE in seconds
Vi= 22.00
Vf = 17.22
Ti = 0.00
T = 0.035
! d= 0.68635 FT 8.2362 IN

AVERAGE FORCE DURING IMPACT (Favg) = FE/d
FE= 7.80
d= 0.69

Favg = 11.37 KIPS




PROJECT NO.: 06-3906

SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE: EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS
TestDate: /2 -7-F2- Testing Official: //,/é‘a %({fﬂ«,/
A A

V w

SPECIMEN DATA

Specimen Number: 5 ~/D Material Type: D= = -

Spedimen Weight: S ¥ lbs 3

Moisture Content after test: A % ™~ S N
MASS DATA ‘
'mass}f\’eightv _ 4000 f;:lamds H "
ass Impact Velodity: sec —_—
Mass Velodty Change: Z '/z_ f'sec ’ 6" 72
G
_ &
TEMPERATURE EFFECTS WA "
Ambient Temperature: 0 degrees F 5
Specimen Termperature - before test: /28 degreesF
Specimen Temperature - after test: // 4  degrees F
STEEL
TEST RESULTS : e A -
Fracture Energy: /O, ib-ft )
Post Displacment During Impact: 3,4 in 1.4 2l 34 4G
Peak Force: 2.0, 4 ibs
Average Force During Impact 5.0 lbs w4 el 4 4 C
5: Eé_

COMMENTS:




PENDULLM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
DATE: /2-7-92

TEST po. 8-10

FRACTURE ENERGY (FE) = 1/2m(VE**-Vi**)

where:
m = weight of pendulum in pounds / 32.2
Vi = pandulum impact velocity in feet per second
Vi = pendulum velocity after fracturs
m= 62.11
Vi= 22.00
Vi= 17.88
FE= 10205.021 FT-LB 10.21 FT-KIPS

PEAK FORGE (PF) =( wt/ g }(Pa * g)

where:
wt = weight of pandulum’in pounds
g =322
Pa = maximum accelerations attained during fracture
wt= 4000
Pa= 5.1
PF= 20400 LB 20.4 KIPS

POST DISPLACEMENT DURING IMPACT (d) = ((Vi+Vf)!2)(Ti—T-f)

where;
Ti = time at impact in seconds
Tf = time at FE In seconds
Vi= 22.00
Vi = 17.22
Ti = 0.00
Tf = 0.040
d= 0.7844 F7 9.4128 IN

AVERAGE FORCE DURING IMPACT (Favg) = FE/d
FE= 10.21
d= 0.78

Favg = 13.01 KIPS
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PROJECTNO.: 063906
SPONSOR: MICHIGAN DEPARTMENT OF TRANSPORTATION
PROJECT TITLE:  EVALUATION OF THE DYNAMIC STRENGTH OF GUARDRAIL POSTS
MADE FROM RECYCLED PLASTICS -
TestDate: /2 —7-72 Testing Official: 7@, A pey
/.
L7 [ 4
SPECIMEN DATA
Specimen Nurmber: S ~// Material Type: S7 ==
Specimen Weight: ST Ibs 3

N

Specimen Temperature - after test: [ L Lo degrees F

Moisture Content after test: AH % AN N
MASS DATA ‘
‘Mass Weight: “4OOD  pounds
Mass impact Velodity: = fUsec u_ "
Mass Veioc‘ty Change: 3 , C_g ft/sec &" l| 72"
G
o
TEMPERATURE EFFECTS e “
Ambient Temperature: o 7. degreesF S
Specimen Temperature - before test: /Z 4 degrees F

TEST RESULTS ' V4 b s A a b

Fracture Energy: &, 9 -t v

Past Displacment During impact™™"5 = in w1 4 2 b 3 4 4 b

Peak Forca: 20,0 ths

Average Force During Impact: e bs w1 &2 G 3 4 4 b
s: 2o

COMMENTS:




PENDULIM CALCULATIONS - MICHIGAN DEPARTMENT OF TRANSPORTATION
ay:  gAt paTe: /2-7~92
TEST (o, 5-10 :

. FRACTURE ENERGY (FE) = 1/2m{V{**-Vi*")

where:
m = waight of pendutum in pounds / 32.2
Vi = pendulum impact velocity in feet per second
- Vi = pendulum velocity after fracture
b
: m= 62.11
. Vi= 22.00
5 Vi 18.45
FE= 8918.8407 FT-LB 8.92 FT-KIPS

PEAK FORCE (PF) =( wt / g }(Pa * g}

where:
wt = weight of pandulum in pounds
g =322
Pa = maximum accelerations attained during fracture
wi= 4000
i Pa= 5
|
! PF= 20000 LB 20 KPS
POST DISPLACEMENT DURING IMPACT (d) = ({Vi+VR)/2)(Ti-Tf)
|-t
where:
. Ti = time at impact In seconds
Tf = time at FE in seconds
[
[ Vi = 22.00
Vf = 17.22
T = 0.00
Th= 0.040

d= 0.7844 FT 9.4128 IN

AVERAGE FORCE DURING IMPACT {Favg) = FE/d
| FE - 8.92
. d= 0.78

Favg = 11.37 KIPS






