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FOREWORD

The Federal Lands Highway Division (FLHD) designs and constructs numerous wire-faced,
mechanically-stabilized earth (MSE) walls across the U.S. These MSE walls are utilized to
highways and roadways built on sloped terrain which may carry significant vehicular traf]

exterior edge of MSE walls.

The objective of the Phase II continuation study was to further develop
of the Midwest Guardrail System (MGS) for use on wire-faced MSE
behavior for a 6-in x 8-in. (152-mm x 203 mm) wood post placed
slope was investigated through dynamic component tests with a
posts driven at the slope break point of a 3H:1V fill slope adj

The results from this study do not modify the prior recomm
Central Federal Lands highway Division’s (CFLHD) Standar
regarding semi-rigid barriers installed on welded, wire-face, MS

, dated August 18, 2008,

Notice

e sponsorship of the U.S. Department of Transportation in the
.S. Government assumes no liability for the use of the information
. This report does not constitute a standard, specification, or regulation.

s not endorse products or manufacturers. Trademarks or manufacturers' names
because they are considered essential to the objective of the document.

Quality Assurance Statement

The Federal Highway Administration (FHWA) provides high-quality information to serve Government,
industry, and the public in a manner that promotes public understanding. Standards and policies are used
to ensure and maximize the quality, objectivity, utility, and integrity of its information. FHWA
periodically reviews quality issues and adjusts its programs and processes to ensure continuous quality
improvement.
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B SI* (MODERN METRIC) CONVERSION FACTORS n

APPROXIMATE CONVERSIONS TO SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
in inches 254 millimeters
ft feet 0.305 meters
yd yards 0.914 meters
mi miles 1.61 kilometers km
AREA
in’ square inches 645.2 square millimete; 2
ft? square feet 0.093 square meters
yd? square yard 0.836
ac acres 0.405
mi’ square miles 2.59
VOLUME
fl oz fluid ounces 29.57
gal gallons 3.785
ft’ cubic feet 0.028
yd® cubic yards 0.765
NOTE: volumes greater than 1,000
MASS
0oz ounces 28.35 g
Ib pounds 0.454 kg
T short ton (2,000 1b) s (or “metric ton”) Mg (or "t")
°F Fahrenheit °C
fc foot-candles Ix
fl foot-Lamberts cd/m?
FORCE &
Ibf poundforce newtons N
1bf/in® poundforce per squarggii kilopascals kPa
ONS FROM SI UNITS
Symbol To Find Symbol
mm inches in
m feet ft
m yards yd
km miles mi
mm? 0.0016 square inches in’
10.764 square feet 2
1.195 square yard yd?
2.47 acres ac
0.386 square miles mi
VOLUME
0.034 fluid ounces fl oz
liters 0.264 gallons gal
cubic metd 35.314 cubic feet ft’
cubic meter 1.307 cubic yards yd®
MASS
0.035 ounces 0z
2.202 pounds b
“metric ton”) 1.103 short ton (2,000 1b) T
TEMPERATURE (exact degrees)
1.8C+32 Fahrenheit °F
ILLUMINATION
0.0929 foot-candles fc
cd/m? candela per square meter 0.2919 foot-Lamberts fl
FORCE & PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch 1bf/in*

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

EXECUTIVE SUMMARY

Wire-faced, mechanically-stabilized earth (MSE) walls provide an economical method for
constructing vertical structures which support roadways where local topography
costs preclude the use of conventional fill slopes. While an economical solutio

The primary research objective for this study was to d
safely treating vertical drop-offs located at the outside e ed, MSE walls. During
high-speed, high-energy impacts with passenger vehicles, th arrier system should not
system should be easily
maintained without requiring extensive . Several design
concepts were considered for a new ba it xterior edge of wire-
faced, MSE walls. The standard MGS alor ith 1 ati also considered. The
new or modified barrier system was to be e
performance criteria set forth in the America ghway and Transportation

Officials (AASHTO) M
For this study, the Midw ' was extensively reviewed and considered
for use in shieldi i i or MSE walls. From a review, the MGS

’re considered for treating vertical drop-offs at the exterior face of
part of the brainstorming and selection process, several factors were

of barrier system; and (8) approximate dynamic deflection and assumed
h-speed, high-energy vehicular impacts into semi-rigid guardrail. After
constructability and repair, those barrier systems with deeply-embedded
dations in combination with tension elements were eliminated from

and comparison. Later, five design concepts were subjected to a basic cost
comparison. Following this effort, the project team chose to further develop
a non-bloC version of the MGS with the posts placed at the slope break point of a 3H:1V fill

slope.

Dynamic component testing was utilized to determine the post-soil behavior of steel and wood
posts embedded in compacted, soil materials used for constructing wire-faced, MSE walls as
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EXECUTIVE SUMMARY

well as to evaluate the effects of sloped terrain and different installation methods. In Phase I,

twenty-six dynamic tests were performed to evaluate the propensity for MSE wall damage, select
post length, and determine post material and section. Following the post testing pro
blocked version of the MGS was recommended for evaluation within a crash testi

point of a 3H:1V fill slope adjacent to and on top of a wire-faced, MSE
installed using a 40-in. (1,016-mm) embedment depth. All other MGS

9

(1,905-mm) post spacing.

A full-size, MGS and MSE wall system was constructed fo g and evaluation. The no

ed approximately

3 (TL-3) safety performance guidelines provided in MASH.
observed in the MSE wall system. As a result of the extensive
full-scale vehicle crash testing programs i
wire-faced, MSE walls when placed at tf & i : slope. The modified

crash tests, no damage was
ic component testing and

MGS reduces the required width of the [ g i ed construction costs.
For this research study, the test results and ree different reports. The
first report contains the d i 1gn considerations, a summary of the

1ls for the MGS and MSE wall systems, the
from the two full-scale crash tests, as well as

fations specific to the component testing program. The report (TRP-
igation and Dynamic Component Testing of Wood and Steel Posts

lateral barrier offset for wire-faced MSE wall systems which utilize a
-blocked MGS systems, the back side of steel posts are recommended
of 1 ft (0.30 m) away from the inside edge of the wall facing fill or 4 ft
outer edge of the MSE wall, whichever results in the largest lateral offset

different configurations were prepared to demonstrate the recommended guidance regarding the
minimum lateral offset for the steel posts, as shown in Figures ES-1 through ES-3. This design
guidance is suitable for use under both TL-2 and TL-3 roadside applications.
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EXECUTIVE SUMMARY

Due an initial interest in using wood posts, a Phase II continuation study was performed to
further investigate a non-blocked, wood post version of the MGS for use on wire-faced MSE
walls. The dynamic post-soil behavior for a 6-in x 8-in. (152-mm x 203 mm) wood pest placed at
the slope break point of a 3H:1V fill slope was investigated through four dynamic

a Wire-Faced MSE Wall.”
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INTRODUCTION

CHAPTER 1. INTRODUCTION

1.1 BACKGROUND

dynamic component testing effort, a non-blocked version of the
(MGS) was developed which utilized 6-ft (1.8-m) long steel p,

equivalent for the steel post used in the MSE barrier

1.2 OBJECTIVE

The objective of this research project was to determine an acce length for a 6-in. x 8-in.
(152-mm x 203-mm) wood post for M amic post-soil behavior.
The lateral strength and stiffness of the ior provided by the

steel posts used in the original barrier con

1.3 RESEARCH APPROACH

Four dynamic tests weg i csearch objective. For the first two dynamic
tests, 6-ft (1.8-m) Ig . mm) wood posts were embedded 40 in.
(1,016 mm) into g i = abreak point of a 3H:1V fill slope. For the last

2-mm x 203-mm) wood posts were

slope. This stud ed 3 g-11. pact height, which is the center helght of the

[ ts were compared to the dynamic behavior and post-soil resistance
8.5 (W152x12.6) or W6x9 (W152x13.4) steel sections used in the
system. Based on the results, recommendations would be
-mm x 203 mm) wood posts within the MGS and installed at
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TEST CONDITIONS

CHAPTER 2. TEST CONDITIONS

2.1 TEST FACILITY

Physical testing of the 6-in. x 8-in. (152-mm x 203-mm) Southern Yellow Pine posts was
conducted at the MwRSF outdoor testing facility, which is located at the Li
northwest side of the Lincoln Municipal Airport. The facility is approxi

kilometers) northwest from the University of Nebraska-Lincoln’s city

2.2 EQUIPMENT AND INSTRUMENTATION

The tests were cond ]
vehicle. A pickup hicle to the required impact velocity. After
reaching the t3 i ' llowing the bogie to be free rolling as it

came off the t as installed on the bogie, allowing it to be brought
safely to rest afte
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TEST CONDITIONS

2.2.2 Accelerometers

Two accelerometer systems were mounted on the bogie vehicle near its center of gr.
measure the acceleration in the longitudinal, lateral, and vertical directions.

The first accelerometer, Model EDR-3, was a triaxial piezoresistive acceler

analyze and plot the accelerometer data.

The second accelerometer system was a two-arm piezoresist

g a system developed
Beach, California. More
M), Model TDAS3-SIM-

t channels with 250 kB

and manufactured by Diversified Technical Systems, Inc:
specifically, data was collected using a DTS Sensor Input
16M. The SIM was configured with 16 M

SRAM/channel. The SIM was mounted he module rack was
configured with isolated power/event/co nd RS232
communication, and an internal backup bg . 4.2 ack were

crashworthy. The “DTS TDAS Control” cd p.and a customized Microsoft

Three pressure t y 18-in. (457-mm) intervals and placed near
the end of the peed of the bogie before impact. As the
left-front tire O i

electronic timing ; gtem. The system recorded the signals, and the
time each occurred. d was then calculated using the spacing between the sensors and the

obe lights and high-speed video analysis were used only as a backup

yeed digital video camera and one JVC digital video camera were used to
AOS high-speed camera had a frame rate of 500 frames per second and
amera had a frame rate of 29.97 frames per second. Both cameras were

e post, with a view perpendicular to the bogie’s direction of travel. A

10
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TEST CONDITIONS

2.3 END OF TEST DETERMINATION

When the impact head initially contacted the test article, the force exerted by the surtogate test
vehicle was directly perpendicular. However, as the post rotates, the surrogate tes

needed to be defined.

Guidelines were established to define the end of test time
the crash test. The first occurrence of any one of the foll
determine the end of the test: (1) the test article fract
overrides/loses contact with the test article; or (3) a ma

2.4 DATA PROCESSING

of Automotive
specifications.” The

Initially, the electronic accelerometer dg
Engineers (SAE) Class 60 Butterworth f

pertinent acceleration signal was extractec The processed
acceleration data was then multiplied by th e impact force using
Newton’s Second Law. Next, the acceleratio ind the change in velocity
versus time. Initial velocitygof i ulated from the pressure tape switch data, was then

used to determine the b : : ated velocity trace was integrated to find the

bogie’s deflection, e post. Combining the previous results, a

force vs. deﬂect' ally, integration of the force vs. deflection
C 1 test.

rror was added to the data since the bogie was not perfectly rigid and
> bogie may have also rotated during impact, causing differences in
e bogie center of mass and the bogie impact head. While these issues

occurred after the post-bogie interaction of interest. One useful aspect of using accelerometer
data was that it included influences of the post inertia on reaction force. This influence was
important as the mass of the post would affect barrier performance as well as test results.

11
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TEST CONDITIONS

The accelerometer data for each test was processed in order to obtain acceleration, velocity, and
deflection curves, as well as force vs. deflection and energy vs. deflection curves. The values
described herein were calculated from the EDR-3 data curves. Although the transdu

all tests.

At the time of these tests, the EDR-3 was not calibrated by an ISO 17025

explained and comparisons are shown in Appendix A.

12
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DYNAMIC TESTING

CHAPTER 3. DYNAMIC TESTING

3.1 SCOPE

A total of four bogie-tests were conducted. Each post was fabricated from Gra . 1 or better

are shown in Appendix B.

As outlined in Table 2, test nos. GWPB-1 and GWPB-2

utilized the 6.5- ft (2 0- m) long posts installed with 46- edment depths. All of
the posts were embedded in a well compacted strong soil? i e soil gradation can be
found in Appendix C. The soil material was placed usmg a gy compaction method with
8-in. (203-mm) lifts (HES). The posts werg impacted 24/ in. ) above ground line at a

i ix and installation

— . . . Ring
Test Post Dim . Xxin. Post Weight Density
No. _Length 1o rings/in.

in. (mm) (kg) )
(rings/cm)
72% 97.8 2.5
GWPB-1 184 | @a | o0
7216 95.0 2.5
(152 x 205) (1,830) (43.1) (1.0)
6 x 8'/s T7%4 84.2 2.5
(152 x 206) (1,975) (38.2) (1.0)
6x 816 777 88.2 3.0
(152 x 208) (1,978) (40.0) (1.2)

13
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DYNAMIC TESTING

Table 2. Dynamic Post Testing Matrix

Post Embedment
Test ) Soil Depth Bending
No. Tvpe _ Size Length Gradation in. Axis
(S des) in. xin. ft
P (mm x mm) (m)
Wood 6x8 6.0 AASHTO Grading B
GWPB-1 (SYP) (152x203) (1.8) (strong soil)
Wood 6x8 6.0
GWPB-2 | gyp) (152x203) | (1.8)
Wood 6x8 6.5 20
GWPB-3 | gyp) (152x203) | (2.0) 32) | Stong
Wood 6x8 6.5 AASHTO Grading 20
GWPB-4 (SYP) (152x203) 2 strong soil) (32) Strong

14
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3.2 DYNAMIC TESTING RESULTS

Results from each test are discussed in the following sections. Individual results for
accelerometers used during each test are provided in Appendix D.

3.2.1 Test No. GWPB-1

bending in the post. The post rotated through the soil to a maxi
mm) and showed no signs of fracture. The bogie impact head
0.122 seconds, and the bogie overrode the post.

Force vs. deflection and energy vs. deflection curves
and are shown in Figure 5. Inertial effects resulted in
ce remained relatively
constant at approximately 7 kips (31 kN) through 12 in. (30 deflection. After this

plateau, the force steadily decreased until eachlng zero at a de 0f'40.4 in. (1,026 mm).
The post rotatlng in soil absorbed a tota ip-in. (17. rgy. Time-sequential

Force and Energ -1)
18 350
16 ——Force
- 300
- Energy
- 250
- 200 ¢
S
=3
- 150 &
()
[ =
w
- 100
- 50
T T 0
0 10 20 30 40 50
Deflection (in.)

Figure 5. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWPB-1
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CuENEEEENEES
a. Impact
amRmENEREEL

b.‘ 0.020 sec

h ~NENEEE

Impact — iew

C. '()I.040 sec

“aunEE=ammms.

H
=14

I

h. Post After Impact — Front View

£ 0.120 sec

Figure 6. Photo. Time-Sequential and Post-Impact Photographs, Test No. GWPB-1
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3.2.2 Test No. GWPB-2

During test no. GWPB-2, the bogle 1mpacted the 6-ft (1.8-m) long, 6-1 -in. X 8- 1n (152zmm X 203-

0.168 seconds, and the bogie overrode the post.

Force vs. deflection and energy vs. deflection curves were created fr
and are shown in Figure 7. Similar to GWPB-1, the inertial effec
12.3 kips (54.7 kN) at 2 in. (51 mm) of deflection. After this,
reaching zero at a deflection of 45.3 in. (1,151 mm). The p
174.6 kip-in. (19.7 kJ) of energy. Time-sequential and p
Figure 8.

Force and Energy vs. Deflecti
18 350
16 -
- 300
14 -
- 250
12 -
Z 10 - - 200 ¢
= o
= =
S 8 150 B
& g
6 i w
- 100
- 50
2 -
0 T T T 0
0 20 30 40 50
Deflection (in.)
7. . Force vs. Deflection and Energy vs. Deflection, Test No. GWPB-2
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b. 0.020 sec
T sh Tk

c. 0.040 sec
T8, g v
. 1

vl <
d. 0.060 s

g $REEED
R

e. 0.090 sec
WHEREE T

™ ——

h. Post After Impact — Soil Displacement

f. 0.120 sec

Figure 8. Photo. Time-Sequential and Post-Impact Photographs, Test No. GWPB-2
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3.2.3 Test No. GWPB-3

bending in the post. The post deflected 4.8 in. (122 mm) before fracture was ini
approximately 0.013 seconds after impact. Fracture occurred approximately,

mm) at the time of complete fracture.

Force vs. deflection and energy vs. deflection curves were create
and are shown in Figure 9. The peak resistive force was 10.8 ki
deflection. As the post rotated through the soil and fracture
kip-in. (6.1 kJ) at a deflection of 7.2 in. (183 mm). Time
are shown in Figure 10.

Force and Energy vs. Deflecti
18 350
16 -
- 300
14 -
- 250
12 -
n - 200 ¢
= -y
= =
g - 150 &
£ 2
[F7]
- 100
- 50
T T T 0
20 30 40 50
Deflection (in.)

. Force vs. Deflection and Energy vs. Deflection, Test No. GWPB-3
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e 4

: 1. Close-up of Post Fracture
f. 0.120 sec

Figure 10. Photo. Time-Sequential and Post-Impact Photographs, Test No. GWPB-3
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3.2.4 Test No. GWPB-4

deflection and absorbed a total of 254.6 kip-in. (28.8 kJ
impact photographs are shown in Figure 12.

Force and Energy vs. Deflecti
18 350
16 -
- 300
14 -
- 250
12 -
Z 10 - - 200 ¢
= o
= =
S 8 150 B
& g
6 i w
- 100
- 50
2 -
0 T T T 0
0 20 30 40 50
Deflection (in.)
11. . Force vs. Deflection and Energy vs. Deflection, Test No. GWPB-4
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£ 0.120 sec

Figure 12. Photo. Time-Sequential and Post-Impact Photographs, Test No. GWPB-4
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3.3 SUMMARY OF DYNAMIC TESTING

in Figure 13.

The force vs. deflection and energy vs. deflection curves f

(30.0 kN) and 6 2
kips (27.5 kN) through deflections of 15 in. (381 mm) in. , respectively. The

The force vs. deflection and energy vs. deflection curves for and GWPB-4 were similar
in shape and magnitude through 5 in. ( ion. WPB-3 resulted in post

forces of 8.4 kip (37.4 kN) and 8.3 kip (36!
(508 mm), respectively. The total energy ab

(28.8 kJ).
Test nos. GWPB-1,&6WP d in force vs. deflection curves of similar
shape but slightlyfdiffc itudes. ¢ ally, the average resistive force through 20

in. (508 mm) i test no. ; imat8ly 2.1 kips (9.3 kN) larger than observed in

aster rate than for GWPB 1 and GWPB-2. The total absorbed energy
.8 percent higher than test nos. GWPB-1 and GWPB-2,
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Table 3. Testing Results — 6-in. x 8-in. (152-mm x 203-mm) Wood Posts wi
Embedment Depths at 20 mph (32.2 km/h) and at Slope B

46-in. (1,168-mm)

Impact Peak Force Average Fo
Test Velocity | rorce [ Deflection | @ 15 in. Deflection (¥ Failure
No. . - - Type
mph kips in. kips in.
(km/h) (kN) (mm) (kN) (mm)
6-ft (1.8-m) long, 6-in. x 8-in. (152-mm x 203 in. (1,016-mm) Embedment Depth
22.7 12.6 1.9 40.4 Rotation
GWPB-1 1 365y | (56.1) (47) (1,026) in Soil
20.5 12.3 2.0 174.6 45.3 Rotation
GWPB-2 1 330y | (549 a9.7) | a.1sn in Soil
Average 21.6 6.2 166.6 429
& (34.8) (27.5) (18.8) (1,089)
6.5-ft (2.0-m) long, 6-ipéX'8 ood Posts, 46-in. (1,168-mm) Embedment Depth
21.5 53.6 7.2
GWPB-3 (34.6) NA 6.1) (183) Fracture
(0 . 8.3 254.6 42.2 Rotation
GWPB-4 (37.4) (36.7) 288) | (1,072 in Soil
154.1 24.7
NA NA (17.5) (628)

0T0-¢T-dLl/T7dD-VMHL 'ON LH0d3d YMHA

ONILS3L DINVNAQ
¢10¢ AdvNd4934
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6-in. x 8-in. Wood Posts Comparison
20 mph Bogie Tests 40-in. vs. 46 in. Embedment Depth

Force vs. Deflection

Deflection (in.)

14
12
—_— 0in.)
10 - ~
N Y GWPB-3
\\pvy\ -
z g (\P2N (A = =GWPB-4 (46 in:
g_ AJ vy ‘\
= I~ AV} i
o RS
o VN o
S 6 \ A
i A7 IRY
\
\ \
4 NN
A4 N \
~’\yw \
5 \/\\
\ -
-~ N ~
0 \
(] 5 10 15 25 30 a5 50
a.F VS.
6-in. x 8-in. Pos pariso
. Embedment Depth
ection
- - - - =
L
= GWPB-1 (40 in.)
— =GWPB-2 (40 in.)
——GWPB-3 (46 in.)
= =-GWPB-4 (46 in.)
20 25 30 40 45 50

b. Energy vs. Deflection

Figure 13. Graph. Force vs. Deflection and Energy vs. Deflection of Wood Posts on 3H:1V

Slope Break Point
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CHAPTER 4. COMPARISON TO STEEL POST TESTING ON MSE WALL

4.1 DIRECT COMPARISON OF TESTS

-mm x 203-
on the steel-

At the conclusion of the dynamic testing program, the results of the 6-in. x 8-i
mm) wood post tests were compared to three dynamic tests previously cond

include the wire mesh used in the MSE wall. Test nos. GWB
with wire mesh interaction as the posts were driven into th

Comparisons were made between the test results for the posts using the
categories of peak force, average force at prescribed displac nd total energy at
prescribed displacements. Peak force shows the highest resisti from the soil and the
corresponding deflection. Average forcg S i ce applied to the post
through the first 15 in. (381 mm) and 20 ( ion. nergy shows the total
energy absorbed at 15 in. (381 mm) and S g i

embedment depth res d cr average resistance forces at 15 in. (381
mm) and 20 in. (508 . The wood post with a 46-in. (1,168-mm)
embedment depth i : average resistance forces at 15 in. (381
i e shape and magnitude of the force vs.
deflection curV ere similas ) long, W6x8.5 (W152x12.6) steel posts
203 mm) wood post in test no. GWPB-4.

depth resulted in 31 and 34 percent lower total energy at 15 in. (381
) of deflection, respectively. The wood post with a 46-in. (1,168-mm)
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Table 4. Comparison of Steel and Wood Posts on 3H:1V

Impact Peak Force Average Force Tot
Test Velocity | Force | Deflection | @ 15in. | @ 20 in. @
No. mph kips in. Kips Kips .
(km/h) (KN) (mm) (KN) (KN) J)
6-ft (1.8-m) long, 6-in. x 8-in. (152-mm x 203-mm) SYP Woo , 40-in. (1, m) Embedment Depth
1 22.7 12.6 1.9 6.4 6.0 95.2 119.5 Rotation
GWPB-1 (365) | (56.1) (47) 28.4) | (26.6) (13.5) in Soil
1 20.5 12.3 2.0 7.1 6.4 127.4 Rotation
GWPB-2 (33.0) (54.9) (51) (31.6 (28.4) ( (14.4) in Soil
NN 21.6 12.5 2.0 100. 123.5
g (34.8) (55.5) (49) (11.4) (14.0)
6.5-ft (2.0-m) long, 6-in. x 8-in. (152-mm x 2 iR, (1,168-mm) Embedment Depth”
1 21.5 10.8 33 NA NA
GWPB-3 (34.6) (48.1) . Fracture
1 20.1 10.1 S. 126.5 165.0 Rotation
GWPB-4 (323) | @51 7 (14.3) (18.6) in Soil

*Averages were not included for the

(2.0-m) long

fracturing during test no. GWPB-3.

0-in. (1,016-mm) Embedment Depth

1 9.3 148.0 186.5 Rotation in Soil
GWR5-4 (40.0) (16.7) (21.1) and Yielding
2 94 145.7 188.7 Rotation in Soil
GWBRS-3 (41.9) (16.5) (21.3) and Yielding
9.9 9.3 147.7 185.2 Rotation in Soil
(43.9) (41.2) (16.7) (20.9) and Yielding
9.8 9.3 147.1 186.8
(43.8) (41.0) (25.0) (21.1)

TIVM 3ISIN NO ONILS3L 1SOd 1331S O1 NOSIdVYdNOD

0TO-2¢T-dL/T1d3-VMHL 'ON 140d3d VMHS

¢T0Z AdvNd4934
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6 in. x 8 in. Wood and W6x8.5 Steel Posts Comparison
20 mph bogie Tests, 3H:1V Slope Break Point
Force vs. Deflection
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==GWRS5-4 (6' Steel) Round 3 Phase |
16 ——GWABR5-3 (6' Steel in Mesh) R
14 ——=GWBR5-6 (6' Steel in Mes
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12 \ ——GWPB-2 (6' Wood) P
§ 10 =—GWPB-3 (6.5, ) Phase Il
£
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a 0\ D\ Wa¥
\ ‘(/v
2 \
0
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a.F vs. De
6in. in. Wood and | Posts Comparison
ogie Tests) lope Break Point
Energy v flection
400
— -4 (6' Steel) Ro Phase |
150 BR5-3 (6' Steel i ) Round 4 Phase |
BR5-6 (6' Ste hase |
-1 (6' W,
300
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GWPB- od) Phasell %
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& /
S —
2w ~ ////
100 %A/
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Figure 14. Graph. Force vs. Deflection and Energy vs. Deflection, Wood and Steel Post
Comparison at 20 mph and 3H:1V Slope Break Point
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CHAPTER 5. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

5.1 SUMMARY

Test nos. GWPB-1 through GWPB-4 were performed on 6-in. x 8-in. (152-m -mm) wood
posts placed at the slope break point of a 3H:1V fill slope with various emb depths. For
test nos. GWPB-1 and GWPB-2, the 6-ft (1.8-m) long wood posts rotate e soil when

installed with a 40-in. (1,016-mm) embedment depth. For test nos. G
6.5-ft (2.0-m) wood posts provided inconclusive results when install

through the soil in test no. GWPB-4.

For test no. GWPB-4, the average soil resistance was 23
in. (381 mm) and 20 in. (508 mm) of displacement, r
obtained for the wood posts with a 40-in. (1,016-mm)
no. GWPB-4, the total energy was 25.4 percent and 33.6
20 in. (508 mm) of displacement, respectively, as compare sults obtained for the wood
posts with a 40-in. (1,016-mm) embedment depth.

Subsequently, the test results for the wot sults previously
obtained for 6-ft (1.8-m) long, W6x8.5 ( . i ment depths of 40 in.

to the 6-ft (1.8-m) long iti -ft (1. 8 m) long, wood posts with a 40-in.
(1,016-mm) embedg ] 4 pe t and 33.9 percent lower total energy at 15
in. (381 mm) and@20'm. ion & pared to the 6-ft (1.8-m) long, steel posts.

In test no. GW ‘ . 00d post provided 14.2 percent and 10.8 percent
' and 20 in. (508 mm) of deflection as compared
posts In addltlon the 6.5-ft (2.0-m) long, wood post with a 46-in.
oth provided 14.0 percent and 11.7 percent lower total energy at 15
am) of deflection as compared to the 6-ft (1.8-m) long, steel posts.
WPB-3 could not be compared after 5 in. (127 mm) of

t (1.8-m) long steel posts. For the 6-ft (1.8-m) long wood posts, the average
resistive d energy dissipation were more than 30 percent lower than observed for the 6-ft
(1.8-m) long'steel posts. For the 6.5-ft (2.0-m) long wood posts, varied post-soil performance
resulted in either wood fracture or post rotation in soil. Although one 6.5-ft (2.0-m) long wood
post did rotate in the soil, its average resistive force and energy dissipation was more than 10
percent lower than observed for the 6-ft (1.8-m) long steel posts.
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As noted above, fracture occurred in one out of two tests on 6.5-ft (2.0-m) long wood posts. As a
result, it was believed that the risk for wood fracture would be increased for 6.5-ft (2.0-m) long
wood posts installed in actual MSE wall structures containing layers of wire mesh reinforcement.

steel guardrail
all structure due to
ood posts are to be

ate whether wood posts can
a wire-faced, MSE wall to
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Appendix A. EDR-3 Equivalency to Approved Transducer

At the time of testing, only the manufacturer, IST, had the capabilities to calibrate t
unit because it is a self contained transducer utilizing IST software. Since IST is
17025 accredited laboratory, the EDR-3 was not viewed as a transducer calibr:

compliant transducers that have been ISO 17025 calibrat i eed video analysis results
alent transducer and has
continued using it during physical impact testi tion transducer. Appendix
must be performed to ensure that the tra C g imilar results for the

application of interest. Further, transduce % 2 S i ctual test conditions
as the basis of comparison. Consequently, r DR-3 to the ISO 17025

The DTS was calibratg Ju atory in the process of becoming ISO 17025
' ' ity. The EDR-3 was directly compared to the

(1) The acceleration traces were similar in shape and magnitude, e.g., major peaks and

valleys late throughout the impact event on a CFC 180 10 msec average

otal change in velocity (area under the acceleration vs. time curves) should differ
by less than 15 percent over the initial 250 msec of the impact event.

Comparison of acceleration data taken from the EDR-3 and DTS transducers is complex given
the differences in mounting location, transducer type, sample rate, and other factors. In general,
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MwRSF is seeking to compare the performance of the acceleration transducers for an event
length of approximately 500 msec. For impact event time durations less than 500 msec,
acceleration measurements from different transducers tend to compare relatively we

velocity curves generated by the two units can become different in magnitude
may have compared very well early in the impact event. This divergence of
in velocity values can occur without a significant error in the transducer o differences
in the two transducers. The sample rate for the DTS is 10 kHz as com

curves becomes more pronounced over extended times as
recorded by the EDR-3 are summed together during int

of sample rate, differences in mounting and the locatio in the vehicle may
cause differences in the measured acceleration values.

While inherent differences in the two tra
long time durations, the impact events s round 500 msec or less
in length. In addition, MwRSF is mainl C ith inati ccurate occupant risk

difference in the occug
lower sample rate of

value would be minimal. As noted above, the
ower peak accelerations and thus could be

expected to prog alues. However, the difference in
magnitude o d the difference in sample rate is generally
very small. Tho y : gern that the ORA values obtained from the

tted with the EDR-3 are expected to be very similar to those produced
as been born out in past occupant risk value comparisons using the

Therefore, the EDR as deemed equivalent to the DTS and approved for use.
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Test: MGSWP-1 Date: 4/2/2010 Test Type: Full-Scale Crash Test
Longitudinal Accelerometer Traces
8 4
o
3 ] )
$ \
® 0
: A
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2 ¢ \ l PJ
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Eo | Y J
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g g U —
- 6 " B
2 ET 1
- !
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AV at 0.25 sec: -8.69|] -8.16 6.15%
DTSSET 2 |EDR-3 |% Difference
AV at 0.25 sec: -8.71| -8.16 6.33%
Figure 15. Graph. Longitudinal EDR-3 and DTS Equivalency Comparisons, Test No.
MGSWP-1
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Test: MGSWP-1 Date: 4/2/2010 Test Type: Full-Scale Crash Test
Lateral Accelerometer Traces
= 4
)
5 2
: A
g 0 '
<
b=
] 2
:o Al
i 4 !
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g 4 b
: ¥
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AV at 0.25 sec: -9.95 -9.07 8.86%

DTSSET 2 |EDR-3 |% Difference
AV at 0.25 sec: -9.67 -9.07 6.15%

Figure 16. Graph. Lateral EDR-3 and DTS Equivalency Comparisons, Test No. MGSWP-1
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Test: DB-1 Date: 8/3/2010 Test Type: Full-Scale Crash Test

Longitudinal Accelerometer Traces
DB-1

-20

=25

Longitudinal CFC 180 10 ms Ave Filtered Acceleration
(g's)

0 0.1 0.2
Longit ICha
-1

.

0 -
w
£
£
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S s
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Time (sec)
DTS EDR-3 |% Difference
AV at 0.25 sec: -6.71| -7.47 11.32%
Figure 17. Graph. Figure A-1. Longitudinal EDR-3 and DTS Equivalency Comparisons,
Test No. DB-1
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Test: DB-1

30

Date: 8/3/2010 Test Type: Full-Scale Crash Test

Lateral Accelerometer Traces
DB-1

25

20

15

10

Lateral CFC 180 10 ms Ave Filtered Acceleration (g's)

16 1
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a8
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—DTS
2 p
0
i3
1] 1 02 0.3 0.4 0.5 0.6
Time (sec)
DTS EDR-3 |% Difference
AV at 0.25 sec: 12.35 12.08 2.21%

Figure 18. Graph. Lateral EDR-3 and DTS Equivalency Comparisons, Test No. DB-1
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Appendix B. Material Specifications
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1800 PERMA-TREAT DRIVE, P.O. BOX 99
MARION, IL 62959
PH# 800.572.7384 FAX# 618.993.8680

PERMA-TREAT ©F ILLIOUS, e

This is to certify that the guardrail material has been treated and inspected accordjng
Department of Transportation Specification requirements and IM 462.  Also, s to State
of Illinois specification.

This material has been processed from Rough Sawn #1 Southern Yel

Company: [\ Quoes (’;-\_m.fd't‘cﬁ\ IS S
Bill of Lading:
Date of MC prior to
Quantity Description tment QC Nam atment treatment
0 [Y2¥Y” aW Martin__| AC | 20%
20 |yB YT 3R \\- Martin . % 20%
A0 (e X BXl” 1t - S- ' 60 RCA-C 20%
0 | b YNy \\ - _ 0 CCA-C 20% |
20 | leXB Xk~ ) oy - Ma 60 CCA-C 20%
Q0 |iovd & N “\(]_Vedin_| s0coAC 20%
s 2 2 -\Q| Martin 60 CCA-C 20%
| Martin .50 CCA-C 20% |
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Figure 19. Photo. W6x8 Wood Post Material Specification
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Appendix C. Soil Sieve Data

The result of the washed soil sieve from the batch of soil used for this round of dynamic bogie
tests is provided in Figure 20. The graph shows the passing percentages for the soj
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Washed Sieve Results
(3-14-2011)

100

Nos. GWPB-1 through GWPB-4
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Appendix D. Dynamic Test Results

The results of the recorded data from each accelerometer for every dynamic bogie test are
provided in the summary sheets in Figures 21 through 28. Summary sheets includ; leration,
velocity, and deflection vs. time plots as well as force and energy vs. deflectio
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Bogie Test Summary
Test Information SYP post on 3:1 slope Test Results Summary
Test Number: GWPB-1 Max. Deflection:
Test Date: 17-Mar-2011 Peak Force:
Failure Type: Rotated in soil Initial Linear Stiffness:
Total Energy:
Post Properties
Post Type: SYP - Gr 1 or Better
Post Size: 6x8 152.4x203.8
Post Length: 72 in. 1829 cm
Embedment Depth: 40 in. 101.6 cm
Orientation: Strong Axis . Acceleration vs. Time
Soil Properties 7
Gradation: 31411 - MM 1" crusher run
Moisture Content: 2.6% _6
Compaction Method:  HE8 w5
Soil Density, yd: NA =
84 ]
=]
Bogie Properties 53
Impact Velocity: 22.7mph (33.3 fps) 10.15 m/s E
Impact Height: 24.875 in. 63.2cm 32 \/\
Bogie Mass: 1722.61b 781.4kg 1 "\
0 N\
Data Acquired
Acceleration Data: EDR-3 -1
Camera Data: AOS-5 0 0.02 0 6 0.08 0.1 0.12 0.14
e(s)
1 Force vs. Deflection At Impact Location Bogie . Time
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Figure 21. Graph. Test No. GWPB-1 Results (EDR-3)
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Bogie Test Summary
Test Information SYP post on 3:1 slope Test Results Summary
Test Number: GWPB-1 Max. Deflection:
Test Date: 17-Mar-2011 Peak Force:
Failure Type: Rotated in soil Initial Linear Stiffness:
Total Energy:
Post Properties
Post Type: SYP - Gr 1 or Better
Post Size: 6x8 152.4x203.8
Post Length: 72 in. 1829 cm
Embedment Depth: 40 in. 101.6 cm
Orientation: Strong Axis 10 Acceleration vs. Time
Soil Properties 9
Gradation: 31411 - MM 1" crusher run 8
Moisture Content: 2.6% —7
Compaction Method:  HE8 o
Soil Density, yd: NA :6
85 HH
. . -
Bogie Properties Sa N\
Impact Velocity: 22.7mph (33.3 fps) 10.15 m/s 83
Impact Height: 24.875 in. 63.2cm &
Bogie Mass: 1722.6 Ib 7814 kg 1 N
N
Data Acquired 0
Acceleration Data: DTS -1
Camera Data: AOS-5 0 0.02 0. 6 0.08 0.1 0.12 0.14
els)
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Figure 22. Graph. Test No. GWPB-1 Results (DTS)
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Bogie Test Summary
Test Information SYP post on 3:1 slope Test Results Summary
Test Number: GWPB-2 Max. Deflection:
Test Date: 18-Mar-2011 Peak Force:
Failure Type: Rotated in soil Initial Linear Stiffness:
Total Energy:
Post Properties
Post Type: SYP - Gr 1 or Better
Post Size: 6x8 152.4x203.8
Post Length: 72 in. 1829 cm
Embedment Depth: 40 in. 101.6 cm
Orientation: Strong Axis . Acceleration vs. Time
Soil Properties 7
Gradation: 31411 - MM 1" crusher run
Moisture Content: 2.0% _6
Compaction Method:  HE8 @5
Soil Density, yd: NA =
o4
S
Bogie Properties g 3
Impact Velocity: 20.51 mph (30.1 fps) 9.17 m/s 8 /\
Impact Height: 24.875 in. 63.2cm 5] 2 e A
Bogie Mass: 1722.6 Ib 781.4 kg 1
. 0 N
Data Acquired
Acceleration Data: EDR-3 -1
Camera Data: AOS-5 0.05 0.1 0.15 0.2
e(s)
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Figure 23. Graph. Test No. GWPB-2 Results (EDR-3)
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Bogie Test Summary
Test Information SYP post on 3:1 slope Test Results Summary
Test Number: GWPB-2 Max. Deflection:
Test Date: 18-Mar-2011 Peak Force:
Failure Type: Rotated in soil Initial Linear Stiffness:
Total Energy:
Post Properties
Post Type: SYP - Gr 1 or Better
Post Size: 6x8 152.4x203.8
Post Length: 72 in. 1829 cm
Embedment Depth: 40 in. 101.6 cm
Orientation: Strong Axis . Acceleration vs. Time
Soil Properties 7
Gradation: 31411 - MM 1" crusher run
Moisture Content: 2.0% _6
Compaction Method:  HE8 @5 A
Soil Density, yd: NA =
o4
S
Bogie Properties <3
Impact Velocity: 20.51 mph (30.1 fps) 9.17 m/s E
Impact Height: 24.875 in. 63.2cm 5] 2
Bogie Mass: 1722.61b 781.4kg 1 ’\,\_\_\’_\
_ o ~N——_
Data Acquired
Acceleration Data: DTS -1
Camera Data: AOS-5 0.05 0.1 0.15 0.2
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Figure 24. Graph. Test No. GWPB-2 Results (DTS)
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MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information SYP post on 3:1 slope

Test Results Summary

Test Number: GWPB-3 Max. Deflection: 74 in
Test Date: 21-Mar-2011 Peak Force:
Failure Type: Post fractured Initial Linear Stiffness:
Total Energy:
Post Properties
Post Type: SYP - Gr 1 or Better
Post Size: 6x8 152.4x203.8
Post Length: 78 in. 198.1 cm
Embedment Depth: 46 in. 116.8 cm
Orientation: Strong Axis

Acceleration vs. Time

Soil Properties
Gradation: 3142011 - MM 1" crusher run
Moisture Content: 2.1%
Compaction Method: HES
Soil Density, yd: NA

Bogie Properties

o Accglergionfe’sl, 5

Impact Velocity: 21.54 mph (31.6 fps) 9.63 m/s

Impact Height: 24.875 in. 63.2cm

Bogie Mass: 1722.61b 781.4kg
Data Acquired

Acceleration Data: EDR-3

Camera Data: AOS-5

Force vs. Deflection At Impact Location
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Figure 25. Graph. Test No. GWPB-3 Results (EDR-3)
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MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information

SYP post on 3:1 slope

Test Results Summary

Test Number: GWPB-3 Max. Deflection:
Test Date: 21-Mar-2011 Peak Force:
Failure Type: Post fractured Initial Linear Stiffness:
Total Energy:
Post Properties
Post Type: SYP - Gr 1 or Better
Post Size: 6x8 152.4x203.8
Post Length: 78 in. 198.1 cm
Embedment Depth: 46 in. 116.8 cm
Orientation: Strong Axis . ie Acceleration vs. Time
Soil Properties 7
Gradation: 3142011 - MM 1" crusher run
Moisture Content: 2.1% 6
Compaction Method:  HE8 5
Soil Density, yd: NA =
S
=]
Bogie Properties %
Impact Velocity: 21.54 mph (31.6 fps) 9.63 m/s ng
Impact Height: 24.875 in. 63.2cm &
Bogie Mass: 1722.61b 781.4kg 1
Data Acquired 0
Acceleration Data: DTS -1
Camera Data: AOS-5 015 0.02 0.025
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Figure 26. Graph. Test No.

GWPB-3 Results (DTS)
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MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information SYP post on 3:1 slope

Test Results Summary

Test Number: GWPB-4
Test Date: 21-Mar-2011
Failure Type: Post rotated in soil

Post may have been installed 2" too high based on film.

Max. Deflection:
Peak Force:

Initial Linear Stiffness:
Total Energy:

Post Properties
Post Type: SYP - Gr 1 or Better
Post Size: 6x8 152.4x203.8
Post Length: 78 in. 198.1 cm
Embedment Depth: 46 in. 116.8 cm
Orientation: Strong Axis . Acceleration vs. Time
Soil Properties &
Gradation: 3142011 - MM 1" crusher run
Moisture Content: 42% _5
Compaction Method:  HE8 o
Soil Density, yd: NA =4
]
. . w3
Bogie Properties s
Impact Velocity: 20.13 mph (29.5 fps) 9m/s ®2
Impact Height: 24.875 in. 63.2cm 5]
Bogie Mass: 1722.6 Ib 781.4kg 1
0
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Figure 27. Graph. Test No. GWPB-4 Results (EDR-3)
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MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information

SYP post on 3:1 slope

Test Results Summary

Test Number: GWPB-4 Max. Deflection:
Test Date: 21-Mar-2011 Peak Force:
Failure Type: Post rotated in soil Initial Linear Stiffness:
Post may have been installed 2" too high based on film. Total Energy:
Post Properties
Post Type: SYP - Gr 1 or Better
Post Size: 6x8 152.4x203.8
Post Length: 78 in. 198.1 cm
Embedment Depth: 46 in. 116.8 cm
Orientation: Strong Axis . Acceleration vs. Time
Soil Properties 7
Gradation: 3142011 - MM 1" crusher run
Moisture Content: 42% _6 n
Compaction Method:  HE8 w5 V
Soil Density, yd: NA :4
°
Bogie Properties §3 V\J\/\
Impact Velocity: 20.13 mph (29.5 fps) 9m/s 8
Impact Height: 24.875 in. 63.2cm 32
Bogie Mass: 1722.6 Ib 781.4 kg 1 —\-\\-
i 0 ™
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Figure 28. Graph. Test No. GWPB-4 Results (DTS)
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