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FOREWORD

The Federal Lands Highway Division (FLHD) designs and constructs numerous wire-faced,
mechanically-stabilized (MSE) walls across the U.S. These MSE walls are utilized to support highways
and roadways built on sloped terrain which may carry significant vehicular traffic. The FLHD designs and
constructs vehicular barrier systems which are placed within the exterior region of MSE walls. This report
contains the research results aimed at the development of economical and crashworthy barrier systems for
placement on top of and near the exterior edge of MSE walls.

The objective for this study was to develop an economical barrier system for safely treating vertical drop-
offs located at the outside edge of wire-faced, MSE walls. The new barrier system was to be capable of
providing acceptable safety performance during high-speed, high-energy passenger car impacts, be easily
maintained, and not impart unreasonable damage to the MSE wall system and was to be evaluated
according to the Test Level 3 (TL-3) safety performance criteria set forth in the American Association of
State Highway and Transportation Officials (AASHTO) Manual for Assessing Safety Hardware (MASH).

The study included numerous design concepts, significant dynamic component testing to determine post
type, length, and placement, and development of a non-blocked version of the MGS with steel posts
placed at the slope break point of a 3H:1V fill slope. Full-scale crash testing was successfully used to
evaluate the proposed design. TL-3 and TL-2 guidance was provided regarding the placement of a non-
blocked, steel-post version of the MGS on wire-faced, MSE walls. The results from this study are
recommended for use to update Central Federal Lands highway Division’s (CFLHD) Standard Detail
C255-50, dated August 18, 2008, regarding semi-rigid barriers installed on welded, wire-face, MSE walls.

F. David Zanetell, P.E., Director of Project Delivery
Federal Highway Administration
Central Federal Lands Highway Division

Notice

This document is disseminated under the sponsorship of the U.S. Department of Transportation in the
interest of information exchange. The U.S. Government assumes no liability for the use of the information
contained in this document. This report does not constitute a standard, specification, or regulation.

The U.S. Government does not endorse products or manufacturers. Trademarks or manufacturers' names
appear in this report only 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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SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSIONS TO SI UNITS
Symbol When You Know Multiply By To Find Symbol
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in inches 25.4 millimeters mm
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in’ square inches 645.2 square millimeters mm?
ft? square feet 0.093 square meters m’
yd? square yard 0.836 square meters m’
ac acres 0.405 hectares ha
mi square miles 2.59 square kilometers km
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gal gallons 3.785 liters L
ft cubic feet 0.028 cubic meters m’
yd® cubic yards 0.765 cubic meters m’
NOTE: volumes greater than 1,000 L shall be shown in m*®
MASS
0z ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short ton (2,000 1b) 0.907 megagrams (or “metric ton”) Mg (or "t")
TEMPERATURE (exact degrees)
o . 5(F-32)/9 . o
F Fahrenheit or (F-32)/1.8 Celsius C
ILLUMINATION
fc foot-candles 10.76 lux Ix
fl foot-Lamberts 3.426 candela per square meter cd/m?
FORCE & PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
1bf/in’ poundforce per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm? square millimeters 0.0016 square inches in’
m’ square meters 10.764 square feet ft?
m’ square meters 1.195 square yard yd?
ha hectares 2.47 acres ac
km square kilometers 0.386 square miles mi
VOLUME
mL milliliters 0.034 fluid ounces fl oz
IL liters 0.264 gallons gal
m’ cubic meters 35314 cubic feet ft
m’ cubic meters 1.307 cubic yards yd®
MASS
g grams 0.035 ounces 0z
kg kilograms 2.202 pounds Ib
Mg (or "t") megagrams (or “metric ton”) 1.103 short ton (2,000 Ib) T
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit °F
ILLUMINATION
Ix lux 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 Ibf/in’

*S1 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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Wire-faced, mechanically-stabilized earth (MSE) walls provide an economical method for
constructing vertical structures for supporting roadways where local topography or high land
costs preclude the use of conventional fill slopes. While an economical solution for slope
stability, MSE walls create safety issues by producing deep vertical drop-offs adjacent to the
roadway. For years, the Federal Lands Highway Division (FLHD) has designed and constructed
a large number of MSE walls across the United States (U.S.). The accepted practice has been to
install the face of conventional, wood-post W-beam guardrail nearly 10 ft (3.0 m) away from the
exterior face of an MSE wall, when considering 2 ft (0.6 m) of level surface behind the posts, an
adjacent 3H:1V fill slope, and a 2-ft (0.6-m) fill height. Thus, it became desirable to place the
barrier systems closer to the exterior edge of the MSE wall. Unfortunately, no methods were
currently available for anchoring these barriers at or near the exterior face.

The primary research objective for this study was to develop an economical barrier system for
safely treating vertical drop-offs located at the outside edge of wire-faced, MSE walls. During
high-speed, high-energy impacts with passenger vehicles, the new barrier system should not
impart unreasonable damage to the MSE wall system. The new barrier system should be easily
maintained without requiring extensive repairs to the MSE wall structure. Several design
concepts were considered for a new barrier system positioned closer to the exterior edge of wire-
faced, MSE walls. The standard MGS along with its design variations were also considered. The
new or modified barrier system was to be evaluated according to the Test Level 3 (TL-3) safety
performance criteria set forth in the American Association of State Highway and Transportation
Officials (AASHTO) Manual for Assessing Safety Hardware (MASH).

For this study, the Midwest Guardrail System (MGS) was extensively reviewed and considered
for use in shielding the vertical drop-offs associated for MSE walls. From a review, the MGS
was shown to provide acceptable safety performance when used for shielding wide, transverse
culvert structures as well as fill slopes as steep as 2H:1V.

Multiple design concepts were considered for treating vertical drop-offs at the exterior face of
wire-faced, MSE wall. As part of the brainstorming and selection process, several factors were
considered, including: (1) control of overall project costs; (2) environmental impacts; (3) use of
an economical barrier system; (4) concerns for MSE wall damage; (5) use 3H:1V fill slope at the
top outer edge of MSE wall; (6) use of beam and post barriers for aesthetics; (7) constructability,
maintenance, and repair of barrier system; and (8) approximate dynamic deflection and assumed
vehicle trajectory for high-speed, high-energy vehicular impacts into semi-rigid guardrail
systems. After considering concerns for constructability and repair, those barrier systems with
deeply-embedded reinforced concrete foundations in combination with tension elements were
eliminated from further investigation and comparison. Later, five design concepts were subjected
to a basic cost analysis and system comparison. Following this effort, the project team chose to
further develop a non-blocked 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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well as to evaluate the effects of sloped terrain and different installation methods. 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 program, a non-
blocked version of the MGS was recommended for evaluation within a crash testing program
using: (1) steel W-beam backup plates; (2) 6-ft (1.8-m) long posts manufactured from either
W6x8.5 (W152x12.6) or W6x9 (W152x13.4) steel sections; (3) posts driven at the slope break
point of a 3H:1V fill slope adjacent to and on top of a wire-faced, MSE wall; and (4) posts
installed using a 40-in. (1,016-mm) embedment depth. All other MGS features were maintained,
including, rail splices at mid-span locations, 31-in. (787-mm) top mounting height, and 75-in.
(1,905-mm) post spacing.

A full-size, MGS and MSE wall system was constructed for testing and evaluation. The non-
blocked MGS was constructed with the back side of the steel posts positioned approximately 2 ft
— 9 in. (0.84 m) away from the inside edge of the wall facing fill or 5 ft — 9 in. (1.75 m) away
from the outer edge of the wire-faced, MSE wall. The modified MGS system was crash tested
successfully using the 1100C small car and 2270P pickup truck vehicles according to the Test
Level 3 (TL-3) safety performance guidelines provided in MASH. In both crash tests, no damage
was observed in the MSE wall system. As a result of the extensive dynamic component testing
and full-scale vehicle crash testing programs, the non-blocked MGS was recommended for use
with wire-faced, MSE walls when placed at the slope break point of a 3H:1V fill slope. The
modified MGS reduces the required width of the MSE wall, thus resulting in decreased
construction costs.

For this research study, the test results and findings are contained in two different reports. The
first report contains the design review of the MGS, design considerations, a summary of the
dynamic component testing program, details for the MGS and MSE wall systems, the MASH
full-scale crash testing requirements, results from the two full-scale crash tests, as well as a
project summary, overall conclusions, and recommendations. This report (TRP-03-235-11) is
entitled, “Development of an Economical Guardrail System for Use on Wire-Faced, MSE
Walls.” The second report contains the procedures utilized for the dynamic bogie testing
program, results from the 26 dynamic post tests, as well as a post testing summary with
conclusions and recommendations specific to the component testing program. This report (TRP-
03-231-11) is entitled, “Investigation and Dynamic Component Testing of Wood and Steel Posts
for MGS on a Wire-Faced, MSE Wall.”

Following the completion of the research program noted above, MwRSF researchers also
determined the minimum lateral barrier offset for wire-faced MSE wall systems which utilize a
3H:1V fill slope. For non-blocked MGS systems, the back side of steel posts are recommended
to be placed a minimum of 1 ft (0.30 m) away from the inside edge of the wall facing fill or 4 ft
(1.22 m) away from the outer edge of the MSE wall, whichever results in the largest lateral offset
between the post and exterior wall face. For this recommendation, the minimum lateral offset
between the rail face and outer edge of the MSE wall would be 4 ft—9 Y4 in. (1.45 m). For
varying thickness of select wall backfill and different widths for the 3H:1V fill slope, three
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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CHAPTER 1. INTRODUCTION

1.1 BACKGROUND

In 2007, the Federal Highway Administration (FHWA) and the Midwest Roadside Safety
Facility (MwRSF) began an effort to develop an economical, longitudinal barrier system for
placement on a wire-faced, MSE wall. As part of this system development, it was deemed
necessary to evaluate the effect that varying soil gradations, terrain slopes, embedment depths,
installation methods, and post material types had on guardrail post performance, including lateral
stiffness, strength, and energy dissipation. Therefore, an extensive dynamic testing program was
conducted to study and evaluate these parameters.

1.2 OBJECTIVE

The objective of this research project was to determine the dynamic post-soil behavior for
standard wood and steel posts placed in various soils with sloped and level terrain and using
different installation methods. This study utilized a 247%-in. (632-mm) impact height, which is
the center height of the rail for the Midwest Guardrail System (MGS), and various post
embedment depths. Once completed, the test results can be used: (1) for comparison to those
results obtained from prior dynamic testing studies of standard posts placed in compacted soil;
(2) to determine the correct barrier placement, embedment depth, and fill material for the MGS
installed on a wire-faced, MSE wall; and (3) to provide dynamic test data for modeling post-soil
behavior within BARRIER VII computer simulations of vehicle-to-barrier impacts. !

1.3 RESEARCH APPROACH

Four rounds of dynamic testing were performed to achieve the research objective. For the first
round of dynamic testing, wood posts were embedded in various soils and impacted at different
impact speeds. The soil material was placed using moderate compaction, as used in previous
testing efforts of W6x9 (W152x13.4) steel posts. For the second round of testing, both steel and
wood posts were evaluated when embedded in strong soil conforming to AASHTO designation
M147-65 (1990) Grading B, as described in the National Cooperative Highway Research
Program (NCHRP) Report No. 350. I*! The soil material was placed using a high-energy
compaction method with 6-in. (152-mm) lifts (HE6). These tests were performed to compare the
dynamic behavior and post-soil resistance for wood and steel posts installed in dense, strong
soils. For the third round of testing, both steel and wood posts were installed at the slope break
point of a 3H:1V fill slope. The majority of posts were installed using a high-energy, 8-in. (203-
mm) lift compaction method (HE8) combined with back-filled and tamped soil surrounding each
post. However, one post was installed using the driven method. These tests were used to evaluate
the affect that slope and installation method had on post rotation, stiffness, and strength. The
fourth round of testing was used to confirm the dynamic behavior of a steel post driven at the
slope breakpoint of a 3H:1V fill slope located on an actual wire-faced, MSE wall.
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CHAPTER 2. LITERATURE REVIEW

2.1 PRIOR WOOD POST TESTING

Numerous testing and evaluation studies have been performed on 6-in. x 8-in. (152-mm x 203-
mm) southern yellow pine (SYP) wood guardrail posts embedded in soil as well as placed in
rigid frame foundations. In 2007, Hascall et al. reviewed and summarized the previous post
studies completed from 1960 through 2004. ! However, no prior research studies were found
that involved the dynamic component testing of 6-in. x 8-in. (152-mm x 203-mm) wood posts
using a 247s-1n. (632-mm) impact height, a 40-in. (1,016-mm) embedment depth, and placed in
soil conforming to AASHTO designation M147-65 (1990) Grading B, as described in the
National Cooperative Highway Research Program (NCHRP) Report No. 350. !

In Hascall et al., two tests were conducted on 6-in. x 8-in. (152-mm x 203-mm) wood posts with
a 247 in. (632-mm) impact height. The wood posts were embedded 37 in. (940 mm) and 40 in.
(1,016 mm) in test nos. RWP-1 and RWP-2, respectively. Both posts were embedded in strong
soil conforming to AASHTO Grading B and impacted by a bogie vehicle at an angle of 0
degrees, creating a classical “head-on” or full frontal impact and strong-axis bending. Test
results are summarized in Table 1 and shown graphically in Figures 1 and 2.

Since only one dynamic component test was conducted on a 6-in. x 8-in. (152-mm x 203-mm)
SYP wood post with a 40-in. (1,016-mm) embedment depth and a 247%-in. (632-mm) impact
height, additional testing was deemed necessary to verify the performance of wood posts placed
in strong soil, other soils, and on fill slopes.
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Table 1. Test Results for 6-in. x 8-in. SYP Wood Posts."!

Impac Peak Force Average Force Maximu
t Total m
Test Embedme | Speed Deflectio @ 15 @ 20 | Energ | Deflectio | Failure
No. nt Depth mph | Force n in. in. y n Type
in. (km/h | Kips in. kips kips | Kip-in. in.
(mm) ) (kN) (mm) (kN) (kN) (kJ) (mm) .
RWP- 37 259 | 202 2.0 8.6 84 | 2506 | 425 Ri’lti?o
1 (940) (41.7) | (89.9) (50) (38.0) (37.5) | (28.3) (1,080) Soil
RWP- 40 252 | 175 2.1 11.3 11.8 | 3629 37.6 thitllo
2 (1,016) (40.6) | (77.9) (52) (50.1) (52.4) | (41.0) (956) Soil
6-in. x 8-in. SYP Wood Post Testing
25
= RWP-1(37in.
20 A embedment)
——RWP-2 (40 in.
embedment)
- 15
3
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Figure 1. Graph. Force vs. Deflection, 6-in. x 8-in. SYP Wood Post Testing.*
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Figure 2. Graph. Energy vs. Deflection, 6-in. x 8-in. SYP Wood Post Testing.!!

2.2 PRIOR STEEL POST TESTING

In 2003, Kuipers et al. evaluated the dynamic soil resistance of W6x16 (W152x23.8) steel posts
embedded in strong soil with embedment depths of 40 in. (1,016 mm)."”! The posts were
impacted at a height of 247% in. (632 mm) and at an angle of 0 degrees, creating a classical
“head-on” or full frontal impact and strong-axis bending. Test results are summarized in Table 2
and shown graphically in Figures 3 and 4.

In 2007, Dey et al. conducted four tests on W6x9 (W152x13.4) steel posts installed on flat
terrain with strong soil conforming to AASHTO Grading B with a 40-in. (1,016-mm)
embedment depth.!®! All four posts were impacted at a height of 247 in. (632 mm). The target
impact speeds were 15 mph (24.1 km/h) for test nos. MGS2-1B18 and MGS2-1B19 and 20 mph
(32.2 km/h) for test nos. MGS2-1B20 and MGS2-1B21. All tests were conducted at an angle of 0
degrees, creating a classical “head-on” or full frontal impact and strong-axis bending. Test
results are summarized in Table 3 and shown graphically in Figures 5 and 6.

11
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Table 2. Test Results for W6x16 Steel Posts.”!

Embedment | Impact Peak Force Maximum | Total
Test Depth Velocity [ Deflection | Force | Deflection | Energy Failure
No. in. mph in. Kips in. kip-in. Type
(mm) (km/h) (mm) (kN) (mm) (kJ)
NPGB-2 40 21.0 22 8.3 45.4 258.0 | Rotation in
(1,016) (33.8) (556) (36.8) (1,153) (29.2) Soil
NPGB-4 40 20.0 22 11.9 43.0 257.9 | Rotation in
(1,016) (32.2) (556) (52.8) (1,092) (29.1) Soil
NPGE.S 40 208 22 13.1 48.1 258.1 | Rewtion&
(1,016) (33.4) (548) (58.0) (1,222) (292) | iy ding
NPGE.10 40 215 24 14.1 467 | 212 | Rowond
(1,016) (34.6) (597) (62.9) (1,186) GLY) | i ding
W6x16 Steel Post Testing
——NPGB-2
14 ‘\ NPGB-4
12 N —NPGB-9
~———NPGB-10
10
Z | |
P N\ AN
L] eATS
6 B -
4 -4
) 0\
0 T
0 5 10 15 20 25 30 35 40 45 50
Deflection (in.)

Figure 3. Graph. Force vs. Deflection, W6x16 Steel Post Testing."™
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W6x16 Steel Post Testing
300
/_’
250 / ? 7/,'-/-
_ / 7
£ //
~
‘é 150 ///
2
’ %
100 S ——NPGB-2 |
//
/ NPGB-4
50 / ——NPGB-9 | |
/y ~——=NPGB-10
0 |
0 5 10 15 20 25 30 35 40 45 50
Deflection (in.)
Figure 4. Graph. Energy vs. Deflection, W6x16 Steel Post Testing."
Table 3. Test Results of W6x9 Steel Posts.
Embedment | Impact Peak Force Maximum | Total
Test Depth Velocity | Deflection | Force | Deflection | Energy | Failure
No. in. mph in. kips in. kip-in. Type
(mm) (km/h) (mm) (KN) (mm) (kJ)
40 15.4 20.2 9.1 21.7 152.9 Rotation
MGS2-IBIS 1 416) (24.8) 513) | @0.7) | (5500 | (17.3) | inSoil
40 15.9 19.3 8.7 24.7 163.2 | Rotation
MGS2-1B19 (1,016) (25.6) (490) (38.8) (628) (18.4) | in Soil
40 19.3 1.5 10.0 34.3 235.3 Rotation
MGS2-1B20 (1,016) (31.1) (38) (41.8) (871) (26.6) | in Soil
40 19.8 2.0 9.8 37.5 213.4 | Rotation
MGS2-1B21 (1,016) (31.9) (51) (43.5) (953) (24.1) | inSoil
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Figure 5. Graph. Force vs. Deflection, W6x9 Steel Post Testing.

Energy (k-in.)
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Figure 6. Graph. Energy vs. Deflection, W6x9 Steel Post Testing.
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CHAPTER 3. TEST CONDITIONS

3.1 TEST FACILITY

Physical testing of the various posts was conducted at the MwRSF outdoor testing facility, which
is located at the Lincoln Air Park on the northwest side of the Lincoln Municipal Airport. The
facility is approximately 5 miles (8 km) northwest from the University of Nebraska-Lincoln’s
city campus.

3.2 EQUIPMENT AND INSTRUMENTATION

Various types of equipment and instrumentation were utilized to conduct, collect, and record
data for the dynamic post tests, included a bogie, accelerometers, pressure tape switches, high-
speed and standard-speed digital video, and still cameras.

3.2.1 Bogie

A rigid frame bogie was used to impact the posts. A variable-height, detachable impact head was
used in the testing. The bogie head was constructed using 8-in. (203-mm) diameter, "2-in. (13-
mm) thick standard steel pipe, with ¥%-in. (19-mm) neoprene belting wrapped around the pipe.
The neoprene material was used to prevent the impact head from causing local damage to the
post and to prevent large spikes in acceleration. The impact head was bolted to the bogie vehicle,
creating a rigid frame with an impact height of 247 in. (632 mm). The bogie and attached impact
head are shown in Figure 7. The weight of the bogie with the addition of the mountable impact
head varied for the tests. The bogie vehicle weight for each test is shown on the individual test
summaries provided in Appendix A.

For test nos. GWB-1 through GWB-15, GWR4-1, and GWR5-1 through GWR5-4, a pickup
truck with a reverse cable tow system was used to propel the bogie to the target impact speed.
When the bogie reached the end of the guidance system, it was released from the tow cable,
allowing it to be free rolling when it impacted the post. A remote braking system was installed
on the bogie, thus allowing it to be brought safely to rest after the test. This setup is shown in
Figure 7.

Test nos. GWBRS5-1 through GWBRS5-6 were conducted using a steel corrugated B-beam
guardrail to guide the left-side tires of the bogie, as shown in Figure 8. The B-beam is also along
the targeted impact angle. A pickup truck is used to push the bogie to the required impact
velocity. As the bogie reaches the end of the guide track, the pickup truck releases and allows the
bogie to be “free wheeling” as it exits the guide track and impacts the test article. A remote
braking system was installed on the bogie allowing it to be brought safely to rest after the test.
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Figure 7. Photo. Rigid Frame Bogie on Pipe Guide Track System.
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3.2.2 Accelerometers

For each test, two accelerometers were mounted on the bogie vehicle near its center of gravity to
measure the acceleration in the longitudinal direction.

The first accelerometer, Model EDR-3, was a triaxial piezoresistive accelerometer system
manufactured by IST of Okemos, Michigan. The EDR-3 was configured with 256 kB of RAM, a
range of £200 g’s, a sample rate of 3,200 Hz, and a 1,120 Hz low-pass filter. The “DynaMax 1
(DM-1)” computer software program and a customized Microsoft Excel worksheet were used to
analyzed and plot the accelerometer data.

For test nos. GWB-1 through GWB-5 and GWBRS5-1 through GWBR5-6, the second
accelerometer system was a two-arm piezoresistive accelerometer system manufactured by
Endevco of San Juan Capistrano, California. Three accelerometers were used to measure each of
the longitudinal, lateral, and vertical accelerations independently at a sample rate of 10,000 Hz.
The accelerometers were configured and controlled using a system developed and manufactured
by Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. More specifically, data
was collected using a DTS Sensor Input Module (SIM), Model TDAS3-SIM-16M. The SIM was
configured with 16 MB SRAM and 8 sensor input channels with 250 kB SRAM/channel. The
SIM was mounted on a TDAS3-R4 module rack. The module rack was configured with isolated
power/event/communications, 10BaseT Ethernet and RS232 communication, and an internal
backup battery. Both the SIM and module rack were crashworthy. The “DTS TDAS Control”
computer software program and a customized Microsoft Excel worksheet were used to analyze
and plot the accelerometer data.

For test nos. GWB-6 through GWB-14, GWR4-1, and GWRS5-1 through GWR5-4, the second
accelerometer was a triaxial piezoresistive accelerometer system, Model EDR-4 6DOF-
500/1200, manufactured by Instrumented Sensor Technology (IST) of Okemos, Michigan and
includes three differential channels as well as three single-ended channels. The EDR-4 6DOF-
500/1200 was configured with 24 MB of RAM, a range of £500 g’s, a sample rate of 10,000 Hz,
and a 1,677 Hz anti-aliasing filter. The “EDR4COM” and “DynaMax Suite” computer software
programs and a customized Microsoft Excel worksheet were used to analyze and plot the
accelerometer data.

3.2.3 Pressure Tape Switches

Three pressure tape switches, spaced at approximately 18-in. (457-mm) intervals and placed near
the end of the bogie track, were used to determine the speed of the bogie before impact. As the
front tire of the bogie passed over each tape switch, a strobe light was fired, sending an
electronic timing signal to the data acquisition system. The system recorded the signals, and the
time each occurred. The speed was then calculated using the spacing between the sensors and the
time between the signals. Strobe lights and high-speed video analysis are used only as a backup
in the event that vehicle speeds cannot be determined from the electronic data. For test nos.
GWB-1 through GWB-15, GWR4-1, and GWR5-1 through GWR5-4, the right-front tire was
used to trigger the tape switches. For test nos. GWBRS5-1 through GWBRS5-6, the left-front tire
was used to trigger the tape switches.
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3.2.4 Digital Cameras

One AOS VITcam high-speed digital video camera and two JVC digital video cameras were
used to document test nos. GWB-1 through GWB-4, GWB-6 through GWB-11, and GWB-13
through GWB-15. One AOS X-PRI high-speed digital video camera and 2 JVC digital video
cameras were used to document test nos. GWB-5, GWB-12, GWR4-1, and GWBR-2 through
GWBR-6. One AOS X-PRI high-speed digital video camera and 1 JVC digital video camera
were used to document test nos. GWRS5-1 through GWRS5-4. Two AOS X-PRI high-speed digital
video cameras and two JVC digital video cameras were used to document test nos. GWBRS5-1
through GWBRS5-6. The AOS high-speed cameras had frame rates of 500 frames per second and
the JVC digital video cameras had frame rates of 29.97 frames per second. All cameras were
placed laterally from the post, with a view perpendicular to the bogie’s direction of travel. A
Nikon D50 digital still camera was also used to document pre- and post-test conditions for all
tests.

3.3 END OF TEST DETERMINATION

When the impact head initially contacted the test article, the force exerted by the surrogate test
vehicle was directly perpendicular. However, as the post rotates, the surrogate test vehicle’s
orientation and path moves further from perpendicular. This introduces two sources of error: (1)
the contact force between the impact head and the post has a vertical component and (2) the
impact head slides upward along the test article. Therefore, only the initial portion of the
accelerometer trace may be used since variations in the data become significant as the system
rotates and the surrogate test vehicle overrides the system. For this reason, the end of the test
needed to be defined.

Guidelines were established to define the end of test time using the high-speed digital video of
the crash test. The first occurrence of any one of the following three events was used to
determine the end of the test: (1) the test article fractures; (2) the surrogate vehicle
overrides/loses contact with the test article; or (3) a maximum post rotation of 45 degrees.

3.4 DATA PROCESSING

Initially the electronic accelerometer data was filtered using the SAE Class 60 Butterworth filter
conforming to the SAE J211/1 specifications. ") The pertinent acceleration signal was extracted
from the bulk of the data signals. The processed acceleration data was then multiplied by the
mass of the bogie to get the impact force using Newton’s Second Law. Next, the acceleration
trace was integrated to find the change in velocity versus time. Initial velocity of the bogie,
calculated from the pressure tape switch data, was then used to determine the bogie velocity, and
the calculated velocity trace was integrated to find the bogie’s deflection, which is also the
deflection of the post. Combining the previous results, a force vs. deflection curve was plotted
for each test. Finally, integration of the force vs. deflection curve provided the energy vs.
deflection curve for each test.
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3.5 RESULTS

The information desired from the bogie tests was the relation between the applied force and
deflection of the post at the impact location. This data was then used to find total energy (the
area under the force vs. deflection curve) dissipated during each test.

Although the acceleration data was applied to the impact location, the data came from the center
of gravity of the bogie. Error was added to the data since the bogie was not perfectly rigid and
sustained vibrations. The bogie may have also rotated during impact, causing differences in
accelerations between the bogie center of mass and the bogie impact head. While these issues
may affect the data, the data was still valid. Filtering procedures were applied to the data to
smooth out vibrations, and the rotations of the bogie during the tests were minor. Significant
pitch angles did develop late in some tests as the bogie overrode the post; however, these
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.

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 transducers used
produced similar results, the EDR-3 has historically provided accurate results, and was the only
accelerometer used in all tests. Test results for all transducers are provided in Appendix A.
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CHAPTER 4. ROUND 1 DYNAMIC TESTING - POST, SOIL, & SPEED VARIATION

4.1 PURPOSE

Physical testing of components is an important aspect of any design process. The researcher is
able to gain practical insights for both component and system behavior using this tool. As
discussed in Chapter 2, only limited testing had been conducted on 6-in. x 8-in. (152-mm x 203-
mm) wood posts installed in soil with a 40-in. (1,016-mm) embedment depth and a 247-in. (632-
mm) impact height. Therefore, additional bogie tests were undertaken to determine force vs.
deflection and energy vs. deflection properties of the 6-in. x 8-in. (152-mm x 203-mm) wood
posts embedded 40 in. (1,016 mm) in soil and impacted at a height of 247% in. (632 mm).

4.2 SCOPE

For the first round of dynamic testing, a total of eleven tests, nos. GWB-1 through GWB-11,
were conducted on standard wood guardrail posts. The posts were embedded 40 in. (1,016 mm)
in various soils and impacted 247 in. (632 mm) above the ground line. The target impact speeds
varied between 15 mph (24 km/h) and 25 mph (40 km/h). All posts were impacted at an angle of
0 degrees, creating a classical “head-on” or full frontal impact and strong-axis bending. The
testing matrix is shown in Table 4, and the test setup is shown in Figure 9.

The posts were southern yellow pine (SYP) wood sections with nominal dimensions of 6 in. x 8
in. x 72 in. (152 mm x 203 mm x 1,829 mm), as shown in Figure 10. Cross-sectional dimensions,
moisture content, weight, and ring density of the posts were recorded, as shown in Table 5.
Cross-sectional measurements were taken at both ends of the post. The moisture content for each
post was measured at 16 in. (406 mm) above the ground line, at the ground line, and at 20 in.
(508 mm) below the ground line with a pin-type moisture meter. ! Due to differences in
moisture contents, densities, and dimensions, each wood post had a different recorded weight.
Although the details of the posts were not recorded for all tests, none of the posts fractured.
Thus, variations in post properties did not significantly affect test results.

A compacted, coarse, crushed limestone material meeting Grading B of AASHTO M147-95
(1990) was utilized for all tests except test no. GWB-5. For test no. GWB-5, the soil was a
mixture of 2-in. (51-mm) to 4-in. (102-mm) limestone, or wall-facing rock. This mixture was a
combination of two mixes from Martin Marietta materials that were blended and sieved on site.

The results of test nos. GWB-1 through GWB-4 displayed significant differences from the results
of test nos. RWP-1 and RWP-2, which were discussed previously in Chapter 2. Thus, a different
mixture of strong soil, designated “X”, was used for test no. GWB-6. Although both mixtures of
soil met the AASHTO Grading B strong soil criteria, soil “X” had fewer fines than the soil used
in test nos. GWB-1 through GWB-4 and GWB-7 through GWB-11, which was referred to as soil
“Y”. Both soils were compacted using a pneumatic tamper and had similar moisture contents.
Soil specifications are shown in Appendix A.
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Table 4. Round 1 Dynamic Post Testing Matrix.

Post Embedment I-rrr?;r)gitt
Test ) Soil Depth . Bending
No. Type Si'nze Gradation in. V?Tl%cr:ty Axis
(Species) (m rﬁ) (mm) (km/h)
GWB-1 g@%ﬁ (153303) %?Stﬂg sgffa)dl Y (1,‘(‘3 6) (g(z)) Strong
GWB-2 g@%ﬂ (153303) lél?ftﬂg s(:fa)dl Y (1,‘(‘3 6) (g(z)) Strong
GWB-3 g@g (153303) %?sstﬁg scciffa)dl Y (1,4(‘)(; 6) éi) Strong
GWB-4 g@g (153303) %?sstﬁg scciffa)dl Y (1,4(‘)(; 6) éi) Strong
GWB-5 g@%ﬁ (153303) I%lr;[::esiolrr:e (1,‘(‘3 6) (g(z)) Strong
GWB-6 g%% (153303) %ﬁsﬁg scgffa)dl X (1,4(1)(; 6) ég) Strong
GWB-7 g%% (153303) %ﬁsﬁg scgffa)dl Y (1,4(1)(; 6) ég) Strong
GWB-8 g%% (153303) %ﬁsﬁg scgffa)dl Y (1,4(1)(; 6) (éi) Strong
GWB-9 gg%(; (153303) gﬁiﬁg s(:fa)dl Y (1,%? 6) (5451) Strong
GWB-10 g@%ﬁ (153303) %?Stﬂg s(;ffa)dl Y (1,‘(‘3 6) (421(5)) Strong
GWB-11 g@%‘; (153303) %?sstﬂg scciffa)dl Y (1,?)(; 6) (421(5)) Strong
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NOILVIdVA d33dS ® "110S '1SOd — ONILSTL JINVNAA T ANNOY
800-¢T-dL/T14D-VMH4 'ON L40d3d YMHA

¢T0Z AdvNnd4d3d




4

Test Na.

Target Speed

Impoct Height

Embedment Depth

Embedment Materia

{Inches) (Inches) Impact Asia
rrph ft/s
GWEB—1 20 29.3 24,875 40 AASHTO Grading B — ™" Strong
CwB-2 20 293 24875 40 AASHTO Grading B — ™" Strang
GWE—-3 15 22.0 24 875 40 AASHTO Grading B — ™" Strong
GCWBE—4 15 22.0 24 875 40 AASHTO Grading B-— G Strong
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Table 5. Round 1 Wood Post Details.

Post Dimensions in. (mm) Moisture Content (%0) Weight Ring
Test - - Density
NG 16 in. (406 mm) Ground | 201N (508 mm) Ib rings/in
' @ Top @ Bottom Above Ground Li Below Ground (k) . '
Line Ine Line (rings/mm)
6 x 8-1/4 6x 8-1/4 68.8 3
GWB-5 (152 x 210) (152 x 210) 14 22 13 (31.2) (0.12)
6-3/8 x 8 6-3/8x 8 76 9-10
GWB-8 (162 x 203) (162 x 203) 17 18 15 (34.5) (0.35-0.39)
6x7-7/8 6x7-7/8 61.8 5
GWB-9 | (155x2000 | (152 x 200) 18 19 19 (28.0) (0.20)
5-7/8x 7-7/8 5-7/8 x 7-3/4 84.2 16
GWB-10 1 " 149 x200) | (149 x 197) 14 15 15 (38.2) (0.63)
6x8 6x7-7/8 84.2 6
GWB-IT 1 155 203) | (152 x200) 16 16 16 (38.2) (0.24)
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4.3 ROUND 1 RESULTS

The accelerometer data for each test was processed in a manner discussed in Section 3.6.
Individual results are provided in Appendix A for all accelerometers used for each test.

4.3.1 Test No. GWB-1

During test no. GWB-1, the bogie impacted the 6-in. x 8-in. (152-mm x 203-mm) wood post at a
speed of 20.7 mph (33.3 km/h) and at an orientation causing strong-axis bending in the post. The
post rotated through the soil and showed no signs of fracturing. The bogie overrode the post at
0.180 seconds after impact. The maximum deflection of the post was 48.5 in. (1,233 mm), as
measured at the center height of the head.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 12. Initially, inertial effects resulted in a peak force of 9.7 kips (43.0
kN) over the first few inches of deflection. After the initial peak, the resistive force remained
relatively constant at approximately 5.5 kips (24.5 kN) through a deflection of 35 in. (889 mm).
The force then subsided through the remaining 13.5 in. (343 mm) of deflection. The post rotating
in soil absorbed a total of 220.0 kip-in. (25.1 kJ) of energy. Time-sequential photographs and
post-impact photographs are shown in Figure 13.

Force and Energy vs. Deflection (GWB-1)
18 350
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16 -
—Energy - 300
14 -
- 250
12 -
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2 o
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S 8- 150 &
£ 2
6 - w
- 100
4 -
- 50
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0 T T T T T 0
0 10 20 30 40 50 60
Deflection (in.)

Figure 12. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWB-1.
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g. Post After Impact — Side view

e. 0.090 sec

h. Post After Impact — Front

f. 0.120 sec

Figure 13. Photo. Time Sequential and Post-Impact Photographs, Test No. GWB-1.
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4.3.2 Test No. GWB-2

During test no. GWB-2, the bogie impacted the 6-in. x 8-in. (152-mm x 203-mm) wood post at a
speed of 19.8 mph (31.9 km/h) and at an orientation causing strong-axis bending in the post. The
post rotated through the soil and showed no signs of fracturing. The bogie overrode the post at
0.188 seconds after impact at a maximum deflection of 45.9 in. (1,165 mm), as measured at the
center height of the head.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 14. Initially, inertial effects resulted in a peak force of 12.3 kips (54.9
kN) over the first few inches of deflection. After the initial peak, the force steadily declined from
approximately 8 kips (36 kN) to 0 kips (0 kN) between deflections of 10 in. (254 mm) and 45.9
in. (1,165 mm), respectively. The post rotating in soil absorbed a total of 205.0 kip-in. (23.2 kJ)
of energy. Time-sequential photographs and post-impact photographs are shown in Figure 15.

Force and Energy vs. Deflection (GWB-2)
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Figure 14. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWB-2.

29



FEBRUARY 2012
FHWA REPORT NO. FHWA-CFL/TD-12-008
ROUND 1 DYNAMIC TESTING — POST, SOIL, & SPEED VARIATION

h. Post After Impact — Rear Ouarter View

f. 0.120 sec

Figure 15. Photo. Time Sequential and Post-Impact Photographs, Test No. GWB-2.
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4.3.3 Test No. GWB-3

During test no. GWB-3, the bogie impacted the 6-in. x 8-in. (152-mm x 203-mm) wood post at a
speed of 15.1 mph (24.4 km/h) and at an orientation causing strong-axis bending in the post. The
post rotated through the soil and showed no signs of fracturing. The maximum deflection of the
post was 52.8 in. (1,341 mm), as measured at the center height of the head. The bogie impact
head lost contact with the post after 0.345 seconds, and the bogie overrode the post. The bogie
vehicle came to rest with its back end directly over the top of the rotated post.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 16. Inertial effects resulted in a peak force of 8.3 kips (36.9 kN) over the
first few inches of deflection. After the initial peak, the force steadily declined from
approximately 5 kips (22 kN) to 4 kips (18 kN) over a deflection of 28 in. (711 mm). The
resistive forces decreased to nearly zero at a deflection of 41 in. (1,041 mm) but remained until
the bogie overrode the post. The post rotating in soil absorbed a total of 141.9 kip-in. (16.0 kJ) of
energy. Time-sequential photographs and post-impact photographs are shown in Figure 17.
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Figure 16. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWB-3.
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Figure 17. Photo. Time Sequential and Post-Impact Photographs, Test No. GWB-3.
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4.3.4 Test No. GWB-4

During test no. GWB-4, the bogie impacted the 6-in. x 8-in. (152-mm x 203-mm) wood post at a
speed of 14.3 mph (23.1 km/h) and at an orientation causing strong-axis bending in the post. The
post rotated through the soil and showed no signs of fracturing. The bogie overrode the post at
0.287 seconds after impact. The maximum deflection of the post was 44.9 in. (1,140 mm), as
measured at the center height of the head.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 18. Inertial effects resulted in a peak force of 10.2 kips (45.2 kN) over
the first few inches of deflection. After the initial peak, the resistive force remained between
approximately 4.5 kips (20.0 kN) and 3.0 kips (13.3 kN) through 30 in. (762 mm) of deflection.
The force then steadily decreased to zero at 44.9 in. (1,140 mm) of deflection. The post rotating
in soil absorbed a total of 129.3 kip-in. (14.6 kJ) of energy. Time-sequential photographs and
post-impact photographs are shown in Figure 19.
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Figure 18. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWB-4.
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h. Post After Impact — Front Quarter View

f. 0.120 sec

Figure 19. Photo. Time Sequential and Post-Impact Photographs, Test No. GWB-4.
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4.3.5 Test No. GWB-5

During test no. GWB-5, the bogie impacted the 6-in. x 8-in. (152-mm x 203-mm) wood post at a
speed of 19.7 mph (31.7 km/h) and at an orientation causing strong-axis bending in the post. The
post rotated through the course aggregate and showed no signs of fracturing. The bogie overrode
the post at 0.192 seconds after impact. The maximum deflection of the post was 56.2 in. (1,428
mm), as measured at the center height of the head.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 20. Inertial effects resulted in a peak force of 8.4 kips (37.4 kN) during
the first few inches of deflection. After the initial peak, the force varied between approximately 5
kips (22 kN) and 1 kip (4 kN). The post rotating in soil absorbed a total of 126.3 kip-in. (14.3 kJ)
of energy. Time-sequential photographs and post-impact photographs are shown in Figure 21.
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Figure 20. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWB-5.
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b. 0.020 sec

h. Post After Impact — Front View

f. 0.120 sec

Figure 21. Photo. Time Sequential and Post-Impact Photographs, Test No. GWB-5.
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4.3.6 Test No. GWB-6

During test no. GWB-6, the bogie impacted the 6-in. x 8-in. (152-mm x 203-mm) wood post at a
speed of 19.6 mph (31.5 km/h) and at an orientation causing strong-axis bending in the post. The
post rotated through the soil and showed no signs of fracturing. The bogie overrode the post at
0.158 seconds after impact. The maximum deflection of the post was 40.5 in. (1,029 mm), as
measured at the center height of the head.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 22. Inertial effects resulted in a peak force of 8.7 kips (38.9 kN) during
the first few inches of deflection. After the initial peak, the resistive force was approximately 7
kips (31 kN) through 15 in. (381 mm) of deflection. Then, the force steadily decreased to zero at
a deflection of 40.5 in. (1,029 mm). The post rotating in soil absorbed a total of 177.3 kip-in.
(20.0 kJ) of energy. Time-sequential photographs and post-impact photographs are shown in
Figure 23.
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Figure 22. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWB-6.

37



FEBRUARY 2012
FHWA REPORT NO. FHWA-CFL/TD-12-008
ROUND 1 DYNAMIC TESTING — POST, SOIL, & SPEED VARIATION

h. Post After Impact — Side View

f. 0.120 sec

Figure 23. Photo. Time Sequential and Post-Impact Photographs, Test No. GWB-6.
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4.3.7 Test No. GWB-7

During test no. GWB-7, the bogie impacted the 6-in. x 8-in. (152-mm x 203-mm) wood post at a
speed of 19.0 mph (30.6 km/h) and at an orientation causing strong-axis bending in the post. The
post rotated through the soil and showed no signs of fracturing. The bogie overrode the post at
0.177 seconds after impact. The maximum deflection of the post was 40.8 in. (1,036 mm), as
measured at the center height of the head.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 24. Inertial effects resulted in a peak force of 8.6 kips (38.0 kN) through
the first few inches of deflection. After the initial peak, the force remained relatively constant at
approximately 6 kips (27 kN) through 30 in. (762 mm) of deflection. The resistive force then
decreased to zero at a deflection of 40.8 in. (1,036 mm). The post rotating in soil absorbed a total
of 207.5 kip-in. (23.4 kJ) of energy. Time-sequential photographs and post-impact photographs
are shown in Figure 25
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Figure 24. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWB-7.
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h. Soil Displaced During Event on the Front Side of Post

f. 0.0 sec

Figure 25. Photo. Time Sequential and Post-Impact Photographs, Test No. GWB-7.
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4.3.8 Test No. GWB-8

During test no. GWB-8, the bogie impacted the 6-in. x 8-in. (152-mm x 203-mm) wood post at a
speed of 15.1 mph (24.3 km/h) and at an orientation causing strong-axis bending in the post. The
post rotated through the soil to a maximum deflection of 43.3 in. (1,101 mm), as measured at the
center height of the head, and showed no signs of fracturing. The bogie overrode the post at
0.270 seconds after impact. The bogie came to rest over the deflected post.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 26. Inertial effects resulted in a peak force of 8.7 kips (38.5 kN) through
the first few inches of deflection. After the initial peak, the force remained relatively constant at
approximately 4 kips (18 kN) through 30 in. (762 mm) of deflection. The post rotating in soil
absorbed a total of 144.9 kip-in. (16.4 kJ) of energy. Time-sequential photographs and post-
impact photographs are shown in Figure 27.
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Figure 26. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWB-8.
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b. 0.020 sec

h. Post After Impact — Rear Quarter View
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Figure 27. Photo. Time Sequential and Post-Impact Photographs, Test No. GWB-8.
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4.3.9 Test No. GWB-9

During test no. GWB-9, the bogie impacted the 6-in. x 8-in. (152-mm x 203-mm) wood post at a
speed of 14.5 mph (23.3 km/h) and at an orientation causing strong-axis bending in the post. The
post rotated through the soil to a maximum deflection of 42.7 in. (1,084 mm), as measured at the
center height of the head, and showed no signs of fracturing. The bogie impact head lost contact
with the post after at 0.258 seconds when the bogie overrode the post. The bogie came to a stop
over the deflected post.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 28. Inertial effects resulted in a peak force of 6.6 kips (29.4 kN) through
the first few inches of deflection. After the initial peak, the force remained relatively constant at
approximately 3.5 kips (15.6 kN) through 30 in. (762 mm) of deflection, then it decreased to zero
at the maximum deflection of 42.7 in. (1,084 mm). The post rotating in soil absorbed a total of
127.7 kip-in. (14.4 kJ) of energy. Time-sequential photographs and post-impact photographs are
shown in Figure 29.
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Figure 28. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWB-9.
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Figure 29. Photo. Time Sequential and Post-Impact Photographs, Test No. GWB-9.
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4.3.10 Test No. GWB-10

During test no. GWB-10, the bogie impacted the 6-in. x 8-in. (152-mm x 203-mm) wood post at
a speed of 24.7 mph (39.8 km/h) and at an orientation causing strong-axis bending in the post.
During the test, one of the strobes did not fire. Therefore, the velocity of the tow vehicle was
used for the velocity of the bogie. The post rotated through the soil and showed no signs of
fracturing. The bogie overrode the post at 0.126 seconds after impact. The maximum dynamic
deflection was 45.5 in. (1,155 mm), as measured at the center height of the head.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 30. Inertial effects resulted in a peak force of 14.6 kips (64.9 kN)
through the first few inches of deflection. After the initial peak, the force remained relatively
constant at approximately 5 kips (22 kN) over 30 in. (762 mm) of deflection. The force then
decreased to zero at a deflection of 45.5 in. (1,156 mm). The post rotating in soil absorbed a total
of 223.5 kip-in. (25.3 kJ) of energy. Time-sequential photographs and post-impact photographs
are shown in Figure 31.
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Figure 30. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWB-10.
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h. Post After Impact — Front View
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Figure 31. Photo. Time Sequential and Post-Impact Photographs, Test No. GWB-10.
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4.3.11 Test No. GWB-11

During test no. GWB-11, the bogie impacted the 6-in. x 8-in. (152-mm x 203-mm) wood post at
a speed of 24.7 mph (39.8 km/h) and at an orientation causing strong-axis bending in the post.
During the test, one of the strobes did not fire. Therefore, the velocity of the tow vehicle was
used as the velocity of the bogie. The post rotated through the soil and showed no signs of
fracturing. The bogie overrode the post at 0.129 seconds after impact. The maximum dynamic
deflection was 45.8 in. (1,164 mm), as measured at the center height of the head.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 32. Inertial effects resulted in a peak force of 14.8 kips (65.8 kN)
through the first few inches of deflection. After the initial peak, the force remained relatively
constant at approximately 6 kips (27 kN) through 30 in (762 mm) of deflection. The force then
decreased to zero at a deflection of 45.8 in. (1,164 mm). The post rotating in soil absorbed a total
of 233.5 kip-in. (26.4 kJ) of energy. Time-sequential photographs and post-impact photographs
are shown in Figure 33.
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Figure 32. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWB-11.
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h. Post After Impact — Front Quarter View

Figure 33. Photo. Time Sequential and Post-Impact Photographs, Test No. GWB-11.
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4.4 ROUND 1 DISCUSSION

The data from the first round of dynamic testing was summarized by impact speed. The grouped
data can provide insights into the resistive force and energy absorption properties of the 6-in. x
8-in. (152-mm x 203-mm) wood post at the three different impact speeds.

4.4.1 25 mph (40 km/h) Dynamic Tests

Test nos. GWB-10 and GWB-11 were conducted with target impact speeds of 25 mph (40 km/h).
The two tests are summarized in Table 6. The force vs. deflection and energy vs. deflection
curves are shown in Figure 34. Both tests produced similar results. Peak forces of approximately
15 kips (67 kN) occurred in at deflections of 1.9 in. (48 mm) followed by average forces of
approximately 6 kips (27 kN) through deflections of 20 in. (508 mm). Slightly more energy was
absorbed in test no. GWB-11, but the difference was less than 5 percent.

4.4.2 20 mph (32 km/h) Dynamic Tests

Test nos. GWB-1, GWB-2, and GWB-5 through GWB-7 were conducted with target impact
speeds of 20 mph (32 km/h). Test no. GWB-5 was conducted in 2-in. to 4-in. (51-mm to 102-
mm) limestone rock, while the others were conducted in strong soil conforming to the AASHTO
Grading B strong soil criteria. The five tests are summarized in Table 7. The force vs. deflection
and energy vs. deflection curves are shown in Figure 35.

The four strong soil tests produced similar results. Initial peak forces ranged from 8.6 kips (38.0
kN) to 12.3 kips (54.9 kN). The shape of the force vs. deflections curves were similar and each
post provided constant resistive forces between 5.2 kips (23.1 kN) and 6.4 kips (27.5 kN) for the
first 20 in. (508 mm) of deflection. The total absorbed energies from these four tests ranged from
177.3 kip-in. (20.0 kJ) to 222.0 kip-in. (25.1 kJ).

The result of test no. GWB-5 demonstrated that the 2-in. to 4-in. (51-mm to 102-mm) limestone
provided significantly lower force levels than the strong soil. In fact, resistive forces generated
during test no. GWB-5 were approximately 40 percent less than observed in the other four tests
conducted at the same speed. The energy absorbed during test no. GWB-5 was approximately 38
percent less than the energy absorbed during the AASHTO Grading B strong soil tests.

4.4.3 15 mph (24 km/h) Dynamic Tests

Test nos. GWB-3, GWB-4, GWB-8, and GWB-9 were conducted with target impact speeds of
15 mph (24 km/h). The tests are summarized in Table 8. The force vs. deflection and energy vs.
deflection curves are shown in Figure 36.

The force vs. deflection curves for all four tests maintained forces of approximately 4 kips (18
kN) through deflections of 20 in. (508 mm) before decreasing to 0 kips (0 kN) at deflections of
42.7 in. (1,085 mm) to 52.8 in. (1,341 mm). The amount of energy absorbed was also similar,
ranging from 127.7 to 144.9 kip-in. (14.4 to 16.4 kJ). The bogie came to rest on top of the posts
in test nos. GWB-8 and GWB-9 and just downstream of the posts during test nos. GWB-3 and
GWB-4.
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Table 6. Test Summary - 6-in. x 8-in. (152-mm x 203-mm) Wood Posts with 40-in. (1,016-mm) Embedment Depth at 25 mph.

Impact Peak Force Average Force Total Maximum
Test Soil Velocity | Force | Deflection | @ 15in. | @ 20in. | Energy | Deflection | praijyre
No. Gradati . . . . - . T
0 radation mph Kips in. kips kips kip-in. in. ype
(km/h) (KN) (mm) (kN) (kN) (kJ) (mm)
B (strong soil) - Y (39.8) (64.9) (48) (26.9) (26.0) (25.3) (1,155) in Soil
GWB-11 AASHTO Grading 24.7 14.8 1.9 6.3 6.2 233.5 45.8 Rotation
B (strong soil) - Y (39.8) (65.8) (48) (28.0) (27.6) (26.4) (1,164) in Soil
Average 24.7 14.7 1.9 6.2 6.0 228.5 45.6
g (39.8) (65.3) (48) (27.5) (26.8) (25.8) (1,159)
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Gabion Wall 25 mph Bogie Testing
6-in. x 8-in. Wood Posts, 40-in. Embedment Depth
Force vs. Deflection
16

14

12

10

Force (kips)
0

6 A A ~ N\ A B

, IRV

0 5 10 15 20 25 30 35 40 45 50

Deflection (in.)

a. Force vs. Deflection

Gabion Wall 25 mph Bogie Testing
6-in. x 8-in. Wood Posts, 40-in. Embedment Depth
Energy vs. Deflection
250
P

200 /// ,/
7 150 / ,/
-3 /
B ——GWB-10
& 100 / 4 ——GWB-11

50 //

0
0 5 10 15 20 25 30 35 40 a5 50
Deflection (in.)

b. Energy vs. Deflection

Figure 34. Graph. Force vs. Deflection and Energy vs. Deflection, Round 1 Testing — 25
mph.
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Table 7. Test Summary - 6-in. x 8-in. (152-mm x 203-mm) Wood Posts with 40-in. (1,016-mm) Embedment Depth at 20 mph.

Impact Peak Force Average Force Total Maximum
i Velocit Ener Deflection i
Test Soil Y| Force | Deflection| @15in. | @ 20in. o Failure
No. Gradation Type
mph kips in. kips kips kip-in. in.
(km/h) (kN) (mm) (kN) (kN) (kJ) (mm)
GWB-1 AASHTO Grading 20.7 9.7 1.6 5.2 5.2 222.0 48.5 Rotation in
B (strong soil) - Y (33.3) (43.0) (40) (23.1) (23.1) (25.1) (1,233) Soil
GWB-2 AASHTO Grading 19.8 12.3 1.5 6.6 6.4 205.0 45.9 Rotation in
B (strong soil) - Y (31.8) (54.9) (39) (29.5) (28.6) (23.2) (1,165) Soil
GWB-6 AASHTO Grading 19.6 8.7 1.6 6.5 6.2 177.3 40.5 Rotation in
B (strong soil) - X [ (31.5) (38.9) (41) (28.8) (27.5) (20.0) (1,029) Soil
B (strong soil) - Y | (30.6) (38.0) (66) (25.3) (26.4) (23.4) (1,036) Soil
19.8 9.8 1.8 6.0 5.9 202.9 43.9
S (18) | 43.7) (46) (26.7) 26.4) | (22.9) (1,116)
Limestone (3L.7) (37.3) (33) (16.1) (15.6) (14.3) (1,428) Soil

*Embedded in 2-4-in. limestone — not included in average of strong soil tests
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Gabion Wall 20 mph Bogie Testing
6-in. x 8-in. Wood Posts, 40-in. Embedment Depth
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Table 8. Test Summary - 6-in. x 8-in.(152-mm x 203-mm) Wood Posts with 40-in. (1,016-mm) Embedment Depth at 15 mph.

Impact Peak Force Average Force Total Maximum
Test Soil Velocity Force | Deflection | @ 15in. | @ 20 in. Energy | Deflection Failure
No. Gradation Type
mph kips in. kips kips Kip-in. in.
(km/h) (kN) (mm) (kN) (kN) (kJ) (mm)
GWB-3 AASHTO Grading 15.1 8.3 1.1 4.5 4.3 141.9 52.8 Rotation
B (strong soil) - Y (24.4) (36.9) (27) (20.1) (19.3) (16.0) (1,341) in Soil
GWB-4 AASHTO Grading 14.3 10.2 1.2 3.8 3.7 129.3 44.9 Rotation
B (strong soil) - Y (23.1) (45.2) (30) (17.1) (16.4) (14.6) (1,140) in Soil
GWB-8 AASHTO Grading 15.1 8.7 1.2 4.1 4.1 144.9 433 Rotation
B (strong soil) - Y (24.3) (38.5) (29) (18.5) (18.0) (16.4) (1,101) in Soil
B (strong soil) - Y | (23.3) (29.4) (26) (16.1) (15.8) (14.4) (1,085) in Soil
Average 14.8 8.4 1.1 4.0 3.9 136.0 45.9
g (23.8) (37.5) (28) (17.9) (17.4) (15.4) (1,166)
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4.4.4 Comparison of Results Between Impact Speeds

When comparing the averaged results for each impact speed, two observations should be noted.
First, there appeared to be a direct relationship between impact velocity and peak force. Increases
in the impact velocity resulted in an increase in the peak force. However, this relation was
expected; since, the peak forces occurred within the first couple inches of deflection. The force
spike that occurs at the beginning of a test is largely a result of the inertia of the post and the
momentum transfer within the impact event. Thus, the magnitude of the inertia spike is increased
as the impact velocity is increased since the bogie has more momentum to transfer to the post at
a faster rate.

Second, the average forces increased when impact speeds increased from 15 to 20 mph (24 to 32
km/h), but no substantial difference was observed between 20 and 25 mph (32 km/h and 40
km/h). The average force over 15 and 20 inches (381 and 508 mm) of deflection was increased
by approximately 50 percent when the impact velocity increased from 15 to 20 mph (24 to 32
km/h). However, these average forces were increased by less than 5 percent when the impact
velocity was increase from 20 to 25 mph (32 km/h to 40 km/h). Further testing would be required
to determine if this phenomenon was the result of the soil inertia, the dynamic properties of the
soil, or some other cause.

4.5 COMPARISON TO PREVIOUS W6X9 (W152X13.4) STEEL POST TESTING

After the first round of dynamic testing, the results of the 6-in. x 8-in. (152-mm x 203-mm) wood
post testing were compared to previous testing of W6x9 (W152x13.4) steel posts conducted in
AASHTO Grading B strong soil with embedment depths of 40 in. (1,016 mm) [5-6]. The results
from the previous tests, nos. MGS2-1B18 through MGS2-1B21, may have slightly different
values in this report than published by Dey et al. due to an improved method of filtering the raw
electronic data. ') The new analysis method was used for all test results presented in this report.

4.5.1 Comparison of 20 mph (32 km/h) Tests

Results from the four 6-in. x 8-in. (152-mm x 203-mm) wood post bogie tests conducted at
speeds of 20 mph (32 km/h) were compared to the results of two W6x9 (W152x13.4) steel post
tests conducted at 20 mph (32 km/h). The tests are summarized in Table 9. The force vs.
deflection and energy vs. deflection curves are shown in Figure 37. The shape and magnitude of
the force vs. deflection curves were similar between the two post types. However, the steel W6x9
(W152x13.4) posts provided 20 to 30 percent higher resistive forces between 15 and 25 in. (381
and 635 mm) of deflection. Consequently, the steel posts absorbed more energy toward the end
of the tests, but the total energy absorbed was similar for all tests. Thus, the steel W6x9
(W152x13.4) posts and the 6-in. x 8-in. (152-mm x 203-mm) wood posts were deemed to have
comparable overall post-soil resistive characteristics when impacted at 20 mph (32 km/h).
However, it should be noted that the W6x9 (W152x13.4) steel posts buckled just below ground
line, thus preventing direct comparison of soil-only resistive forces.
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4.5.2 Comparison of 15 mph (24 km/h) Tests

Results from the four 6-in. x 8-in. (152-mm x 203-mm) wood post bogie tests conducted at
speeds of 15 mph (24 km/h) were compared to the results of two W6x9 (W152x13.4) steel post
tests conducted at 15 mph (24 km/h) The tests are summarized in Table 10. Force vs. deflection
and energy vs. deflection curves are shown in Figure 38. The initial stiffness of the posts was
similar, but the behavior of the steel and wood posts differed greatly after the initial inertial
spike. The forces were much higher for the steel post, thus stopping the bogie in a shorter
distance. Note the W6x9 (W152x13.4) steel posts did not buckle during these tests. Thus, the
post-soil resistances for the wood and steel posts did not compare well during testing with impact
speeds of 15 mph (24 km/h).
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Table 9. Round 1 Testing Results - W6x9 (W152x13.4) Steel Posts vs. 6-in. x 8-in. (152-mm x 203-mm) Wood Posts with 40-in.
Embedment Depth at 20 mph.

8¢

Impact Peak Force Average Force Total Maximum
Test Soil Velotity | Eorce | Deflection | @ 15in. | @20in. | EMer9Y | Deflection | gaiure
No. Gradation Type
mph kips in. kips kips Kip-in. in.
(km/h) (kN) (mm) (kN) (kN) (kJ) (mm)
6-in. x 8-in. (152-mm x 203-mm) SYP Wood Posts
GWB-1 AASHTO Grading 20.7 9.7 1.6 5.2 52 222.0 48.5 Rotation
B (strong soil) - Y | (33.3) (43.0) (40) (23.1) (23.1) (25.1) (1,233) in Soil
GWB-2 AASHTO Grading 19.8 12.3 1.5 6.6 64 205.0 459 Rotation
B (strong soil) - Y | (31.8) (54.9) (39) (29.5) (28.6) (23.2) (1,165) in Soil
GWB-6 AASHTO Grading 19.6 8.7 1.6 6.5 6.2 177.3 40.5 Rotatign
- B (strong soil) - X | (31.5) (38.9) (41) (28.8) (27.5) (20.0) (1,029) in Soil
B (strong soil) - Y | (30.6) (38.0) (66) (25.3) (26.4) (23.4) (1,036) in Soil
19.8 9.8 1.8 6.0 5.9 202.9 43.9
IS (31.8) | 43.7) (47) (26.7) (26.4) (22.9) (1,116)
W6x9 (W152x13.4) Steel Posts
MGS2- AASHTO Grading 19.3 10.0 1.5 6.7 7.3 236.5 33.7 Rotation
1B20 B Strong Soil (31.1) (44.4) (38) (29.8) (32.6) (26.7) (856) in Soil
1B21 B Strong Soil (31.8) (43.5) (50) (26.8) (29.8) (24.1) (953) in Soil
Average 19.6 9.9 1.7 6.4 7.0 224.9 35.6
g (31.5) (43.9) (44) (28.3) (31.2) (25.4) (905)
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Comparison at 20 mph.
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Table 10. Round 1 Testing Results - W6x9 (W152x13.4) Steel Posts vs. 6-in. x 8-in. (152-mm x 203-mm) Wood Posts with 40-in.
Embedment Depth at 15 mph.

Impact Peak Force Average Force Total Maximum
Test Soil Velocity [ torce [ Deflection | @ 15in. | @ 20in. | EN€ray Deflection | majjyre
No. Gradation mph kips in. kips kips Kip-in. in. Type
(km/h) (KN) (mm) (KN) (KN) (kJ) (mm)
Wood (SYP) 6-in. x 8-in. (152-mm x 203-mm) Posts
GWB-3 AASHTO Grading 15.1 8.3 1.1 4.5 4.3 141.9 52.8 Rotation
B (strong soil) - Y (24.4) (36.9) 27 (20.1) (19.3) (16.0) (1,341) in Soil
GWB-4 AASHTO Grading 14.3 10.2 1.2 3.8 3.7 129.3 44.9 Rotation
B (strong soil) - Y (23.1) (45.2) (30) (17.1) (16.4) (14.6) (1,140) in Soil
GWB-8 AASHTO Grading 15.1 8.7 1.2 4.1 4.1 144.9 433 Rotation
B (strong soil) - Y (24.3) (38.5) (29) (18.5) (18.0) (16.4) (1,101) in Soil
B (strong soil) - Y (23.3) (29.4) (26) (16.1) (15.8) (14.4) (1,085) in Soil
Average 14.8 8.4 1.1 4.0 3.9 136.0 45.9
g (23.8) (37.5) (28) (16.1) (17.4) (15.4) (1,166)
Steel W6x9 (W152x13.4) Posts
MGS2- NCHRP 350 154 9.1 20.2 6.4 6.9 152.9 21.7 Rotation
1B18 Strong Soil (24.8) (40.7) (512) (28.3) (30.8) (17.3) (550) in Soil
MGS2- NCHRP 350 15.9 8.7 1.2 5.6 6.2 163.2 24.7 Rotation
1B19 Strong Soil (25.6) (38.8) (31) (25.0) (27.8) (18.4) (628) in Soil
Average 15.6 8.9 10.7 6.0 6.6 158.1 232
g (25.2) (39.7) (272) (26.7) (29.3) (17.9) (589)
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Figure 38. Graph. Energy vs. Deflection of Wood and Steel Post Comparison at 15 mph.
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4.6 ROUND 1 CONCLUSIONS

The first round of dynamic testing demonstrated that wood posts placed in strong soil produced
lower than expected post-soil resistive forces, and the results were inconsistent with previous
wood post testing. ! Following test nos. GWB-1 through GWB-4, a different soil mixture, soil
“X”, was used instead of the “Y”” mixture used in the first four tests. Both mixtures met the
requirements for AASHTO Grading B strong soil, but soil “X” had fewer fines. However, both
soil mixtures produced similar results. Thus, the post-soil behavior in all of the dynamic tests of
wood posts may have been influenced by inconsistent soil compaction. The test results still
provided information on the dynamic behavior of the SYP wood posts in soil, which could be
compared to the results from W6x9 (W152x13.4) steel post testing. Therefore, the data was
deemed useful in designing guardrail systems for use on a wire-faced, MSE wall.

Test nos. GWB-1 through GWB-11 provided consistent post-soil data for the 6-in. x 8-in. (152-
mm x 203-mm) wood posts at each impact speed. No posts fractured or showed signs of
fracturing, thus the SYP wood posts had sufficient bending strength for the observed force levels
generated in the soil. However, the observed post-soil resistances were lower than expected.
Further testing in stiffer/more compact soil is necessary to evaluate the post strength.

Comparison of the test results for the 6-in. x 8-in. (152-mm x 203-mm) wood posts and W6x9
(W152x13.4) steel posts was inconclusive, assuming that the wood and steel posts have
comparable post-soil behavior. The tests at 20 mph (32 km/h) produced similar force vs.
deflection curves and absorbed similar amounts of energy even though the steel posts developed
significantly greater resistive forces between 15 and 25 in. (381 and 635 mm) of deflection.
However, the steel posts generated much greater resistive forces than the wood posts in the tests
conducted at 15 mph (24 km/h). Test no. GWB-5 demonstrated that the MSE wall-facing
limestone rock produced lower resistive forces and absorbed less energy than the posts placed in
standard strong soil.

Following the completion of the first round of dynamic testing, two items required further
investigation. First, the ability for 6-in. x 8-in. (152-mm x 203-mm) wood posts to replace W6x9
(W152x13.4) steel posts was uncertain. The force vs. deflection behavior for both post types was
similar for certain conditions, but significantly different for others. The W6x9 (W152x13.4) steel
posts used in previous testing deformed plastically, thus it was difficult to use in comparisons
with different post-soil resistances. Second, the inconsistent compaction of the soil may have
influenced the results observed in the first round of testing. The performance of the wood posts
embedded in a stiffer, stronger, more compacted soil remains unknown. Thus, additional
dynamic bogie tests are recommended.
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CHAPTER 5. ROUND 2 DYNAMIC TESTING - POSTS ON FLAT TERRAIN

5.1 PURPOSE

The first round of dynamic testing provided insight into the effects of impact velocity and soil
gradation on the resistance of a post rotating through soil. When the results of these wood post
tests were compared to previously conducted steel post bogie tests, the overall characteristics
were similar for both post types. But, discrepancies in force magnitudes at certain deflections
also occurred. It was unclear whether these differences were the result of the different post types,
differing soil gradations, or compaction methods. Therefore, the soil resistance for both wood
and steel posts was further investigated under identical circumstances.

The Manual for Assessing Safety Hardware (MASH) identifies strong, stiff soils as the critical
soil type (over weaker soils) when evaluating a longitudinal guardrail system’s safety
performance. ! Thus, it was desired to evaluate the post-soil behavior in a very stiff soil. Similar
to the first round of dynamic testing, a soil satisfying the AASHTO Grading B strong soil criteria
was utilized. However, a high-energy compaction method was utilized for the second round of
dynamic testing. This newer compaction method resulted in both a more consistent, stiff soil
having greater density.

Previously, dynamic testing of W6x9 (W152x13.4) steel posts revealed plastic bending and soil
displacement. [ It was desired to limit these deformations since the current round of testing was
aimed to quantify the soil resistance, not the strength of the posts themselves. Therefore, W6x16
(W152x23.8) steel posts were selected in place of the standard W6x9 (W152x13.4) steel posts in
order to provide the posts with additional strength and resistance to plastic deformations. The
two cross-sections have the same depth and flange width, so the soil resistance on either post
would be the same.

5.2 SCOPE

For the second round of dynamic testing, a total of four tests were conducted. Test nos. GWB-12
and GWB-13 were conducted on W6x16 (W152x23.8) steel posts, and test nos. GWB-14 and
GWB-15 were conducted on 6-in. x 8-in. (152-mm x 203-mm) wood posts. Both post types were
embedded 40 in. (1,016 mm) in a well compacted AASHTO Grading B strong soil and impacted
247 in. (632 mm) above the groundline. The target impact speed was 20 mph (32 km/h) for all
four tests. The test matrix is shown in Table 11, and details of the two wood posts are shown in
Table 12.
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Table 11. Round 2 Dynamic Testing Matrix.

Post Target
Embedment | Impact .
;l:fOSt Size Soil Type Depth Velocity Bifil;g
’ Type in. in. mph
(mm) (mm) (km/h)
GWB-12 | Steel Wox16 AASHTO Grading 40 Strong
(W152x23.8) B (Strong Soil) (1,016) (32)
GWB-13 | Steel Wox16 AASHTO Grading 40 Strong
(W152x23.8) B (Strong Soil) (1,016) (32)
Wood 6x8 AASHTO Grading 40
GWB-14 . Stron
(SYP) (152x203) B (Strong Soil) (1,016) (32) g
Wood 6x8 AASHTO Grading 40
GWB-15 X : Stron
(SYP) (152x203) B (Strong Soil) (1,016) (32) ¢
Table 12. Round 2 Wood Post Details.
POStiglggf)lons Moisture Content (%) Weight Ring
Test . ] & Density
No 16 in. (406 mm) Ground 20 in. (508 mm) Ib rines/in
' @ Top @ Bottom | Above Ground L'u Below Ground (kg) . S
Line the Line (rings/cm)
6x8-1/4 6x8-1/4 68.8 3
GWB-14 | 155 x210) | (152 x 210) 13 13 14 G12) | (1.18)
6x8 6x7-7/8 81.6 5
GWB-151" 155 203 | (152 x 200) 13 13 12 (37.0) | (1.97)

5.3 ROUND 2 RESULTS

The accelerometer data for each test was processed in a manner discussed in Section 3.6.
Individual test results are provided in Appendix A for all accelerometers used for each test.
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5.3.1 Test No. GWB-12

During test no. GWB-12, the bogie impacted the W6x16 (W152x23.8) steel post at a speed of
19.0 mph (30.6 km/h) and at an orientation causing strong-axis bending in the post. The post
rotated through the soil to a maximum deflection of 33.8 in. (860 mm) and showed no signs of
yielding or buckling. The bogie impact head lost contact with the post after 0.200 seconds, and
the bogie overrode the post.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 39. The resistive force quickly increased to around 12 kips (53 kN) and
remained relatively constant through a deflection of 11 in. (279 mm). After this plateau, the force
steadily decreased until reaching zero at a deflection of 33.8 in. (8§60 mm). The maximum
resistive force was 12.8 kips (57.1 kN), and the post rotating in soil absorbed a total of 236.1 kip-
in. (26.7 kJ) of energy. Time-sequential photographs and post-impact photographs are shown in
Figure 40.
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Figure 39. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWB-12.
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Figure 40. Photo. Time Sequential and Post-Impact Photographs, Test No. GWB-12.
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5.3.2 Test No. GWB-13

During test no. GWB-13, the bogie impacted the W6x16 (W152x23.8) steel post at a speed of
19.2 mph (30.8 km/h) and at an orientation causing strong-axis bending in the post. The post
rotated through the soil to a maximum deflection of 31.3 in. (795 mm) and showed no signs of
yielding or buckling. The bogie impact head lost contact with the post after 0.186 seconds, and
the bogie overrode the post.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 41. Similar to test no. GWB-12, the resistive force quickly increased to
approximately 12 kips (53 kN) and stayed relatively constant for a deflection of 10 in. (254 mm).
After this plateau, the force steadily decreased until reaching zero at a deflection of 31.3 in. (795
mm). The maximum resistive force was 12.8 kips (57.1 kN), and the post rotating in soil
absorbed a total of 247.7 kip-in. (28.0 kJ) of energy. Time-sequential photographs and post-
impact photographs are shown in Figure 42.
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Figure 41. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWB-13.
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Figure 42. Photo. Time Sequential and Post-Impact Photographs, Test No. GWB-13.
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5.3.3 Test No. GWB-14

During test no. GWB-14, the bogie impacted the 6-in. x 8-in. (152-mm x 203-mm) wood post at
a speed of 19.3 mph (31.0 km/h) and at an orientation causing strong-axis bending in the post.
The post rotated through the soil and showed no signs of fracturing. The bogie impact head lost
contact with the post after 0.171 seconds, and the bogie overrode the post.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 43. The resistive force quickly increased to a maximum of 14.6 kips
(65.0 kN) and then maintained an average force of 13 kips (58 kN) through a deflection of
approximately 11 in. (279 mm). The force then steadily decreased to zero at a deflection of 31.7
in. (805 mm). The post rotating in soil absorbed a total of 232.0 kip-in. (26.2 kJ) of energy.
Time-sequential photographs and post-impact photographs are shown in Figure 44.
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Figure 43. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWB-14.

69



FEBRUARY 2012
FHWA REPORT NO. FHWA-CFL/TD-12-008
ROUND 2 DYNAMIC TESTING — POSTS ON FLAT TERRAIN

g. Post After Impact — Side view

h. Post After Impact — Front View

£ 0.120 sec

Figure 44. Photo. Time Sequential and Post-Impact Photographs, Test No. GWB-14.
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5.3.4 Test No. GWB-15

During test no. GWB-15, the bogie impacted the 6-in. x 8-in. (152-mm x 203-mm) wood post at
a speed of 19.6 mph (31.6 km/h) and at an orientation causing strong-axis bending in the post.
The post rotated through the soil and showed no signs of fracturing. The bogie impact head lost
contact with the post after 0.142 seconds, and the bogie overrode the post.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 45. The resistive force quickly increased to a maximum of 13.5 kips
(60.2 kN) and remained relatively constant through a deflection of 11 in. (279 mm). The force
then steadily decreased until reaching zero at a deflection of 30.0 in. (761 mm). The post rotating
in soil absorbed a total of 225.6 kip-in. (25.5 kJ) of energy. Time-sequential photographs and
post-impact photographs are shown in Figure 46.
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Figure 45. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWB-15.
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Figure 46. Photo. Time Sequential and Post-Impact Photographs, Test No. GWB-15.
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5.4 ROUND 2 DISCUSSION AND CONCLUSIONS

Test nos. GWB-12 and GWB-13 were performed with W6x16 (W152x23.8) steel posts, while
test nos. GWB-14 and GWB-15 were performed with 6-in. x 8-in. (152-mm x 203-mm) wood
posts. A summary of the second round of bogie testing is shown in Table 13, and force vs.
deflection and energy vs. deflection curves are shown in Figure 47. The force vs. deflection
curves for all four tests were similar in both shape and magnitude, but the forces in the wood
posts were slightly higher between deflections of 3 and 7 in. (76 and 178 mm). The energy vs.
deflection curves for both post types were very similar, and almost overlapped for the first 20 in.
(508 mm) of deflection. The total absorbed energies were also similar, ranging from 225.6 k-in.

to 247.7 k-in. (25.5 kJ to 28.0 kJ).

The second round of dynamic testing indicated that the soil resistances for 6-in. x 8-in. (152-mm
x 203-mm) wood posts and a W6x16 (W152x23.8) steel posts are similar when tested in heavily-
compacted soil meeting the AASHTO Grading B requirements. Since a W6x9 (W152x13.4) steel
post has the same depth and flange width as a W6x16 (W152x23.8) post, the soil resistance for a
W6x9 (W152x13.4) post is expected to be similar as well. This evidence supports the common
assumption that 6-in. x 8-in. (152-mm x 203-mm) wood posts and W6x9 (W152x13.4) steel
posts provide equivalent resistances for guardrail systems.

All tests comprising Round 2 were conducted in the same soil pit, used the same soil
batch/gradation, and were installed with the same compaction equipment. Further, the heavily-
compacted soil is believed to provide a critical condition for testing and evaluating longitudinal
guardrail systems. Thus, the results from the Round 2 dynamic testing were believed to be more
appropriate for comparing the dynamic performance of wood and steel posts.
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Table 13. Round 2 Testing Results - W6x16 Steel Posts v.s 6-in. x 8-in. Wood Posts with 40-in. Embedment Depth at 20 mph.

Impact Peak Force Average Force Total Maximum
Test Velocity | orce | Deflection | @ 15in. | @20in, | Energy | Deflection Failure
No. _ _ _ _ Type
mph kips in. kips kips Kip-in. in.
(km/h) (kN) (mm) (kN) (kN) (kJ) (mm)
W6x16 (W152x23.8) Steel Posts
GWB-12 19.0 12.8 9.9 11.0 10.3 236.1 33.8 Rotation
(30.6) (57.1) (251) (49.1) (45.8) (26.7) (860) in Soil
GWB-13 19.2 12.8 6.6 11.0 10.4 247.7 313 Rotation
(30.8) (57.1) (169) (48.9) (46.3) (28.0) (795) in Soil
Average 19.1 12.8 8.3 11.0 10.4 241.9 32.6
g (30.7) (57.1) (210) (49.0) (46.1) (27.3) (828)
6-in. x 8-in. (152-mm x 203-mm) SYP Wood Posts
GWB-14 19.3 14.6 2.9 11.6 10.5 232.0 31.7 Rotation
i (31.0) (65.0) (74) (51.5) (46.6) (26.2) (805) in Soil
GWB-15 19.6 13.5 4.0 11.3 10.3 225.6 30.0 Rotation
i (31.6) (60.2) (102) (50.5) (45.8) (25.5) (761) in Soil
Average 19.5 14.1 3.5 11.5 10.4 228.8 30.8
g (31.3) (62.6) (88) (51.0) (46.2) (25.8) (783)
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Figure 47. Graph. Force vs. Deflection and Energy vs. Deflection, Round 2 Testing at 20

mph and Well-Compacted.
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CHAPTER 6. ROUND 3 DYNAMIC TESTING - POSTS ON 3H:1V SLOPE

6.1 PURPOSE

The second round of dynamic testing demonstrated that the soil resistance of standard W6x16
(W152x23.8) steel and 6-in. x 8-in. (152-mm x 203-mm) wood posts in strong soil were similar
when evaluated in flat terrain. However, the installation of guardrail systems adjacent to a wire-
faced, MSE wall would likely result in the posts being installed on a fill slope and within the
wire mesh reinforcement. Preliminary designs indicated that a 3H:1V fill slope would be placed
on top of and adjacent to the outer edge of the MSE wall. Thus, the dynamic post-soil behavior
of posts placed at the slope breakpoint of a 3H:1V fill slope was investigated.

It was anticipated that the loss of back-fill material due to the slope would result in lower post-
soil resistance as compared to that observed for a post installed on flat terrain. However, the
magnitude of the force reduction was unknown. Therefore, the third round of testing began with
a post length of 7 ft (2.1 m) and an embedment depth of 52 in. (1,321 mm), and dimensions were
modified as the testing progressed. Recall, the previous rounds of bogie testing and the MGS
utilized a 6-ft (1.8-m) long, steel post with a 40-in. (1,016-mm) embedment depth.

It was also desired to investigate the effects of different post installation methods. The posts for
the previous bogie tests had been installed by having a hole augered, positioning the post in the
hole, backfilling the soil in 8-in. (203-mm) lifts (HE8), and tamping the soil around the post with
heavy compaction method. For comparison, test no. GWRS5-1 utilized a steel post that was driven
into soil at the slope break point of an already compacted 3H:1V fill slope.

6.2 SCOPE

For the third round of dynamic testing, a total of eight tests were initially planned. Test nos.
GWR4-1 through GWR4-4 were to be conducted with 6-in. x 8-in. (152-mm x 203-mm) wood
posts, while test nos. GWRS5-1 through GWRS5-2 and GWRS5-3 through GWRS5-4 were to be
conducted with W6x9 (W152x13.4) and W6x8.5 (W152x12.6) steel posts, respectively, as
shown in Table 14. All eight tests were intended to evaluate the post-soil resistance for a post
placed at the slope break point of a 3H:1V fill slope, as shown in Figure 48.

Test no. GWR4-1 was conducted on a 6-in. x 8-in. (152-mm x 203-mm) wood post. Test nos.
GWR4-2 through GWR4-4 were not performed due to the failure observed in test no. GWR4-1.
Details of the wood post used in test no. GWR4-1 are shown in Table 15.

Test nos. GWRS5-1 and GWR5-2 were W6x9 (W152x13.4) steel posts, and test nos. GWRS5-3
and GWR5-4 were W6x8.5 (W152x12.6) steel posts. For all tests, the posts were impacted 247z
in. (632 mm) above the ground line at a target impact speed of 20 mph (32 km/h). For test no.
GWRS-1, the post was driven into the compacted soil. All of the posts were positioned at the
slope break point of a 3H:1V fill slope at various embedment depths, as shown in Table 14. A
highly-compacted, AASHTO Grading B strong soil was used for all tests.
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Table 14. Round 3 Dynamic Testing Matrix with Posts at 3H:1V Slope Break Point.

Test Post Embedment | Target Impact Bendin
No T Size Length Soil Type Depth Velocity Axis g
' ype in. (mm) in. (mm) in. (mm) mph (km/h)
6x8 84 AASHTO Grading B 52 20
GWRA-1 1 Wood (SYP) | 1551903, (2,134) (strong soil) (1,321) (32) Strong
! 6x8 84 AASHTO Grading B 52 20
GWR4-2 "1 Wood (SYP) | 1551903 (2,134) (strong soil) (1,321) (32) Strong
| 6x8 96 AASHTO Grading B 64 20
GWR4-3 "~ Wood (SYP) | 1551903 (2.438) (strong soil) (1,626) (32) Strong
! 6x8 96 AASHTO Grading B 64 20
GWR4-4 " | Wood (SYP) | 157:203) (2,438) (strong soil) (1,626) (32) Strong
) W6x9 84 AASHTO Grading B 52 20
GWRS-1 Steel | (wisax134) | (2.134) (strong soil) (1,321) (32) Strong
W6x9 84 AASHTO Grading B 52 20
GWRS-2 Steel (W152x13.4) | (2,134) (strong soil) (1,321) (32) Strong
W6x8.5 78 AASHTO Grading B 46 20
GWRS-3 Steel | wisax12.6) | (1,981) (strong soil) (1,168) (32) Strong
W6x8.5 72 AASHTO Grading B 40 20
GWRS-4 Steel | wisax12.6) | (1.829) (strong soil) (1,016) (32) Strong
" Tests were not conducted.
% Post driven.
Table 15. Round 3 Wood Post Details.
POStir?'Tf:Slons Moisture Content (%0) Weight DI:rllr;igty
Test No. @ To @ Bottom 16 in. (406 mm) Ground 20 in. (508 mm) (Lb) rings/in.
P Above Ground Line Line Below Ground Line 9 (rings/mm)
6x8 6x8 88 NA
GWRA-T 1 (152 x203) | (152 x 203) 13 16 14 (40) (Variable)
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Note

b. Tst Proﬁe iew

Figure 48. Photo. Round 3 Test Setup on 3H:1V Fill Slope.
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6.3 ROUND 3 RESULTS

The accelerometer data for each test was processed in a manner discussed in Section 3.6.
Individual test results are provided in Appendix A for all accelerometers used for each test.

6.3.1 Test No. GWR4-1

During test no. GWR4-1, the bogie impacted the 6-in. x 8-in. (152-mm x 203-mm) wood post at
a speed of 20.5 mph (33.1 km/h) and at an orientation causing strong-axis bending in the post.
The post deflected 1.5 in. (38 mm) before fracture was initiated approximately 0.004 seconds
after impact. Fracture occurred 18 in. (457 mm) below ground level at a knot on a side face of
the post. The maximum deflection was 4.1 in. (104 mm) at the time of complete fracture.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 49. The resistive force reached a peak of 11.1 kips (49.5 kN) when the
post fractured. At the time of peak resistive force, the energy reached 8.1 kip-in. (0.9 kJ). After
fracturing, the post continued to apply small resistive forces to the bogie, resulting in a total
energy absorption of 21.0 kip-in. (2.4 kJ) at a deflection of 4.1 in. (104 mm). Time-sequential
photographs and post-impact photographs are shown in Figure 50.
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Figure 49. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWR4-1.

80



FEBRUARY 2012
FHWA REPORT NO. FHWA-CFL/TD-12-008
ROUND 3 DYNAMIC TESTING — POSTS ON 3H:1V SLOPE

h. Full View of Post After Impact

e. 0.090 sec

1. Close up of Post Fracture
f. 0.120 sec

Figure 50. Photo. Time Sequential and Post-Impact Photographs, Test No. GWR4-1.
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6.3.2 Test No. GWR5-1

During test no. GWRS5-1, the bogie impacted the W6x9 (W152x13.4) steel post at a speed of

20.0 mph (32.1 km/h) and at an orientation causing strong-axis bending in the post. The post

rotated through the soil, twisted, and bent backward to a maximum deflection of 35.4 in. (900
mm). The twisting in the post appeared to occur after 18 in. (457 mm) of deflection.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 51. The resistive force quickly increased to a peak of 15.1 kip (67.2 kN),
then steadily declined to zero at the maximum deflection of 35.4 in. (900 mm). The post rotating
in soil absorbed a total of 237.4 kip-in. (26.8 kJ) of energy. Time-sequential photographs and
post-impact photographs are shown in Figure 52. It should be noted that due to technical
difficulties, the EDR-4 accelerometer data acquired during test no. GWRS5-1 was unusable for

analysis.
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Figure 51. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWR5-1.
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i. Post After Impact — Removed, Showing Deformation

TP, Ry
f. 0.120 sec
Figure 52. Photo. Time Sequential and Post-Impact Photographs, Test No. GWR5-1.
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6.3.3 Test No. GWR5-2

During test no. GWRS5-2, the bogie impacted the W6x9 (W152x13.4) steel post at a speed of

20.8 mph (33.5 km/h) and at an orientation causing strong-axis bending in the post. The post

rotated through the soil, twisted, and bent backward to a maximum deflection of 33.2 in. (844
mm) when the bogie overrode the post at 0.142 seconds after impact. The twisting in the post
began at 20 in. (508 mm) of deflection.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 53. The resistive force quickly increased to a peak of 15.6 kips (69.5
kN) and then steadily declined to zero at the maximum deflection of 33.2 in. (844 mm). The post
rotating in soil absorbed a total of 251.2 kip-in. (28.4 kJ) of energy. Time-sequential photographs
and post-impact photographs are shown in Figure 54.
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Figure 53. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWR5-2.
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6.3.4 Test No. GWR5-3

During test no. GWBS5-3, the bogie impacted the W6x8.5 (W152x12.6) steel post at a speed of
19.9 mph (32.0 km/h) and at an orientation causing strong-axis bending in the post. The post
rotated through the soil, twisted, and bent backward to a maximum deflection of 34.8 in. (883
mm) when the bogie overrode the post at 0.152 seconds after impact. The twisting in the post
occured after 18 in. (457 mm) of deflection.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 55. The resistive force quickly increased to a peak of 14.7 kips (65.6
kN), then steadily declined until reaching zero at the maximum deflection of 34.8 in. (883 mm).
The post rotating in soil absorbed a total of 221.5 kip-in. (25.0 kJ) of energy. Time-sequential
photographs and post-impact photographs are shown in Figure 56.
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Figure 55. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWRS5-3.
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h. Post After Impact — Front View
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£ 0.1 se i. Post After Impact — Removed, Showing Deformation
Figure 56. Photo. Time Sequential and Post-Impact Photographs, Test No. GWR5-3.
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6.3.5 Test No. GWR5-4

During test no. GWBS5-4, the bogie impacted the W6x8.5 (W152x12.6) steel post at a speed of
20.6 mph (33.2 km/h) and at an orientation causing strong-axis bending in the post. The post
rotated through the soil, twisted, and bent backward to a maximum deflection of 34.5 in. (877
mm) when the bogie overrode the post at 0.143 seconds after impact. The twisting in the post
began at 20 in. (508 mm) of deflection.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 57. The load quickly increased to and peaked at 14.0 kips (62.1 kN) and
then steadily declined until reaching zero at the maximum deflection of 34.5 in. (877 mm). The
post rotating in soil absorbed a total of 237.1 kip-in. (26.8 kJ) of energy. Time-sequential
photographs and post-impact photographs are shown in Figure 58.
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Figure 57. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWR5-4.
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i. Post After Impact — Removed, Showing Deformation

Figure 58. Photo. Time Sequential and Post-Impact Photographs, Test No. GWR5-4.
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6.4 ROUND 3 DISCUSSION AND CONCLUSIONS

A summary of the third round of dynamic testing is shown in Table 16, and force vs. deflection
and energy vs. deflection curves are shown in Figure 59. A discussion of the third round of
dynamic testing was summarized by post material.

6.4.1 Round 3 Wood Post Tests

Round 3 testing was originally comprised of four wood post dynamic tests. However, only one
of four planned tests was conducted. During test no. GWR4-1, the post fractured very early in
the test and provided very little energy absorption. This tendency was also recognized in another
MwRSF project where 6-in. x 8-in. (152-mm x 203-mm) wood posts embedded greater than 40
in. (1,016 mm) in well-compacted, strong soil continuously fractured during component testing.
(191 At the time, it was reasoned that the wood post performance could be improved by increasing
the post’s cross section, reducing the post’s embedment depth, or by using a stronger wood
species. However, the remaining three wood post tests were temporarily aborted, and steel posts
were selected for the design of the barrier system due to their ease of placement in the wire-
faced, MSE wall.

6.4.2 Round 3 Steel Post Tests

Test nos. GWBRS5-1 and GWBRS5-2 were performed with W6x9 (W152x13.4) steel posts, and
test nos. GWBRS5-3 and GWBR5-4 were performed with W6x8.5 (W152x12.6) steel posts.
These two posts have very similar cross sections and have been used interchangeably in actual
guardrail installations. The force vs. displacement curves for all four tests on the 3H:1V fill slope
were very similar in shape and magnitude. In fact, there was very little reduction in resistance as
the embedment depth was reduced from 52 in. to 40 in. (1,321 mm to 1,016 mm), as shown in
Figure 59. This was an unexpected result, but it was explained by the plastic deformation found
in the posts. The forces required to bend the posts should be nearly identical, so the resistive
forces for all of the tests should be similar if the soil is strong enough to yield the posts.
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Table 16. Round 3 Testing Results - 6-in. x 8-in. Wood Posts vs. W6x9 and W6x8.5 Steel Posts at 20 mph with Varying
Embedment Depths and Posts at 3H:1V Slope Break Point.

Peak Force Average Force Total

Embedment | Impact Maximum

'II;Ieost Depth Velocity | porce | Deflection | @ 15in. | @ 20in. | ENerdy | Deflection Failure Type
' in. mph kips in. kips kips Kip-in. in.
(mm) (km/h) (kN) (mm) (KN) (kN) (kJ) (mm)

6-in. x 8 in. (152-mm x 203-mm) SYP Wood Posts

GWRA4-1 52 20.5 11.1 1.6 NA NA 21.0 4.1

(1,321) (33.1) | (49.5) (40) (2.4) (104) Post Fracture

W6x9 (W152x13.4) Steel Posts

Soil Rotation

GWRST (S | Gy | @2 | oy sy | @ | on | o0 &

: ' : ‘ ' ' Post Yielding
e (153221) ég'i) (ég'g) (27'5) (zltéé) (411(5)3) (2258142) é‘sﬁ) o
’ : ‘ ‘ ' ' Post Yielding

W6x8.5 (W152x12.6) Steel Posts

Soil Rotation

46 19.9 14.7 2.7 9.9 9.0 221.5 34.8

GWRS-3 &
(1,168) (32.0) | (65.6) (69) (44.2) (40.0) | (25.0) (883) | pogt vielding

GWRS4 40 20.6 14.0 2.9 9.9 9.3 237.1 34.5 Soil Rg‘zta“on
(1,016) (33.2) | (62.1) (74) 43.9) @415 | (26.8) (877)

Post Yielding

! Post driven.
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Figure 59. Graph. Force vs. Deflection and Energy vs. Deflection, Round 3 Testing — 20
mph and Well-Compacted.
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CHAPTER 7. ROUND 4 DYNAMIC TESTING - POSTS ON MSE WALL

7.1 PURPOSE

The third round of dynamic testing evaluated guardrail posts installed in well-compacted strong
soil and placed at the slope break point of a 3H:1V fill slope. However, posts installed on a wire-
faced, MSE wall would extend through the compacted soil layer and into the steel wire mesh
layers adjacent to the larger wall-facing rock. Recall from the first round of dynamic testing, the
2-in. to 4-in. (51-mm to 102-mm) wall-facing rock of a MSE wall provided much less post-soil
resistance than observed for posts embedded in the standard AASHTO Grading B strong soil
material. Thus, it was desired to evaluate the performance of steel posts installed on an actual
wire-faced, MSE wall which contained the 3H:1V fill slope, heavily-compacted crushed
limestone soil material, as well as the adjacent large wall-facing rocks within the outer steel
mesh cages. Details for the MSE wall can be found in McGhee et al. [']

7.2 SCOPE

For the fourth round of dynamic testing, six tests were conducted. The steel posts conformed to
the W6x9 (W152x13.4) and W6x8.5 (W152x12.6) sections with various lengths and embedment
depths, as shown in Table 17. The posts were impacted 247z in. (632 mm) above the ground line
at 20 mph (32 km/h). The posts were placed at the slope break point of a 3H:1V fill slope located
on the top of the wire-faced, MSE wall, as shown in Figure 60. The MSE wall was constructed
of steel wire cages filled with 2-in. to 4-in. (51-mm to 102-mm) wall-facing rock at the exterior
edge. The soil material within the interior wire mesh layers and on top of the MSE wall was
placed with a roller compactor using AASHTO Grading B strong soil material. To match
common field installation methods, the posts were driven into position through the top soil layer
and into the wire mesh layers found within the interior region of the MSE wall.
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Table 17. Round 4 Dynamic Testing Matrix with Posts Driven into a Wire-Faced, MSE Wall.

Post Embedment rrsrg?:i
Test Soil Depth pa Bending
e ) Velocity .
No. . Lenath Description in. AXis
Size _—€nd mm mph
n. (mm) ( ) (km/h)
Roller Compacted |
W6x9 84 . 52 20
GWBR5-1 AASHTO Grading Strong
(W152x13.4) (2,134) B Strong Soil (1,321) (32)
Roller Compacted 1
Wo6x9 78 . 46 20
GWBRS5-2 AASHTO Grading Strong
(W152x13.4) (1,981) B Strong Soil (1,168) (32)
Roller Compacted |
Wo6x8.5 72 : 40 20
GWBRS5-3 AASHTO Grading Strong
(W152x12.6) (1,829) B Strong Soil (1,016) (32)
Roller Compacted !
Wo6x9 84 : 52 20
GWBR5-4 AASHTO Grading Strong
(W152x13.4) (2,134) B Strong Soil (1,321) (32)
Roller Compacted !
W6x9 78 : 46 20
GWBRS-5 AASHTO Grading Strong
(W152x13.4) (1,981) B Strong Soil (1,168) (32)
Roller Compacted !
W6x8.5 72 . 40 20
GWBR5-6 AASHTO Grading Strong
(W152x12.6) (1,829) B Strong Soil (1,016) (32)

! Post driven.

TTIVM 3SIN NO S1SOd — ONILS3L JINVNAQ ¥ ANNOY
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¢T0Z AdvNnddg34d



FEBRUARY 2012
FHWA REPORT NO. FHWA-CFL/TD-12-008
ROUND 4 DYNAMIC TESTING — POSTS ON MSE WALL

b. Impact Location

Figure 60. Photo. Round 4 Test Setup on Wire-Faced, MSE Wall with a 3H:1V Fill Slope.
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7.3 ROUND 4 RESULTS

The accelerometer data for each test was processed in a manner discussed in Section 3.6.
Individual test results are provided in Appendix A. Due to technical difficulties observed during
test nos. GWBRS5-1 through GWBR5-6, the accelerometer data from the DTS accelerometer was
unusable. Therefore, only data from the EDR-3 accelerometer was available for these tests.

7.3.1 Test No. GWBR5-1

During test no. GWBRS5-1, the bogie impacted the W6x9 (W152x13.4) steel post at a speed of
21.1 mph (34.0 km/h) and at an orientation causing strong-axis bending in the post. The post
rotated through the soil, twisted, and bent backward to a maximum deflection of 28.5 in. (724
mm) before the bogie overrode the post at 0.104 seconds after impact. The twisting of the post
did not appear to occur until the end of the test.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 61. The load quickly increased and peaked at 16.2 kips (72.0 kN) and
then declined until a deflection of 20 in. (508 mm) where it remained near 4 kips (18 kN) to a
deflection of 26 in. (660 mm). The force then declined until reaching zero at the maximum
deflection of 28.5 in. (724 mm). The post rotating in soil absorbed a total of 211.0 k-in. (23.8 kJ)
of energy. Time-sequential photographs and post-impact photographs are shown in Figure 62.

Force and Energy vs. Deflection (GWBR5-1)
18 350
16 -
- 300
14 -
- 250
12
- Force
- 10 - ——Energy [ 200 g
2 o
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2 e
6 w
- 100
4 -
- 50
z .
o T T T T T o
0 10 20 30 40 50 60
Deflection (in.)

Figure 61. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWBR5-1.
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g. Post After Impact — Side view

£ 0.120 sec i. Post After Impact — Removed, Showing Deformation
Figure 62. Photo. Time Sequential and Post-Impact Photographs, Test No. GWBR5-1.
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7.3.2 Test No. GWBR5-2

During test no. GWBRS5-2, the bogie impacted the W6x9 (W152x13.4) steel post at a speed of
19.4 mph (31.2 km/h) and at an orientation causing strong-axis bending in the post. The post
rotated through the soil, twisted, and bent backward to a maximum deflection of 35.0 in. (889
mm) before the bogie overrode the post at 0.188 seconds after impact. The post did not appear to
twist until the end of the test.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 63. The load quickly increased and peaked at 15.1 kips (67.1 kN) and
then steadily declined until reaching a force of approximately 2 kips (9 kN) before dropping
sharply, reaching zero at the maximum deflection of 35.0 in. (889 mm). The post rotating in soil
absorbed a total of 240.8 k-in. (27.2 kJ) of energy. Time-sequential photographs and post-impact
photographs are shown in Figure 64.

Force and Energy vs. Deflection (GWBR5-2)
18 350
= Force
16 -
——Energy [ 300
14 -
- 250
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£ 2
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2 _}
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0 10 20 30 40 50 60
Deflection (in.)

Figure 63. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWBR5-2.
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R

g. Post After Impact — Side view

S€C

f. 0.120sec
Figure 64. Photo. Time Sequential and Post-Impact Photographs, Test No. GWBR5-2.
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7.3.3 Test No. GWBR5-3

During test no. GWBRS5-3, the bogie impacted the W6x8.5 (W152x12.6) steel post at a speed of
22.1 mph (35.6 km/h) and at an orientation causing strong-axis bending in the post. The post
rotated through the soil, twisted, and bent backward to a maximum deflection of 43.7 in. (1,109
mm) before the bogie overrode the post at 0.19 seconds after impact. Post twisting appeared to
occur near the end of the test.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 65. The load quickly increased and peaked at 13.3 kips (59.2 kN) and
then steadily declined reaching zero at the maximum deflection of 43.7 in. (1,109 mm). The post
rotating in soil absorbed a total of 305.4 k-in. (34.5 kJ) of energy. Time-sequential photographs
and post-impact photographs are shown in Figure 66.

Force and Energy vs. Deflection (GWBR5-3)
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Figure 65. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWBRS5-3.
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h. Soil Displacement of Post After Impact

e. 0.090 sec

3 o R Ve

i. Post After Impact — Removed, Showing Deformation

54

f. 0.120 sec
Figure 66. Photo. Time Sequential and Post-Impact Photographs, Test No. GWBR5-3.
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7.3.4 Test No. GWBRS5-4

During test no. GWBRS5-4, the bogie impacted the W6x9 (W152x13.4) steel post at a speed of
22.3 mph (35.9 km/h) and at an orientation causing strong-axis bending in the post. The post
rotated through the soil, twisted, and bent backward to a maximum deflection of 34.2 in. (869
mm) before the bogie overrode the post. Due to technical difficulties, no high-speed digital video
was recorded. Therefore, the post override time was unavailable.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 67. The load quickly increased and peaked at 15.1 kips (67.1 kN) and
then steadily declined until reaching the maximum deflection of 34.2 in. (869 mm). The post
rotating in soil absorbed a total of 235.7 kip-in. (26.6 kJ) of energy. Time-sequential photographs
and post-impact photographs are shown in Figure 68.

Force and Energy vs. Deflection (GWBR5-4)
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Figure 67. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWBR5-4.
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£ ~0.172 sec

1. Post After Impact — Removed, Showing Deformation
Figure 68. Photo. Time Sequential and Post-Impact Photographs, Test No. GWBR5-4.
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7.3.5 Test No. GWBR5-5

During test no. GWBRS5-5, the bogie impacted the W6x9 (W152x13.4) steel post at a speed of
23.9 mph (38.5 km/h) and at an orientation causing strong-axis bending in the post. The post
rotated through the soil, twisted, and bent backward to a maximum deflection of 38.5 in. (978
mm) before the bogie overrode the post at 0.118 seconds after impact. The twisting of the post
did not appear to occur until the end of the test.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 69. The load quickly increased and peaked at 14.4 kips (64.0 kN) and
then steadily declined until reaching the maximum deflection of 38.5 in. (978 mm). The post
rotating in soil absorbed a total of 244.5 kip-in. (27.6 kJ) of energy. Time-sequential photographs
and post-impact photographs are shown in Figure 70.
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Figure 69. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWBR5-5.
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. 0.090 sec
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1. Post After Impact — Removed, Showing Deformation
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f. 0.120 sec
Figure 70. Photo. Time Sequential and Post-Impact Photographs, Test No. GWBR5-5.
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7.3.6 Test No. GWBR5-6

During test no. GWBRS5-6, the bogie impacted the W6x8.5 (W152x12.6) steel post at a speed of
22.9 mph (36.8 km/h) and at an orientation causing strong-axis bending in the post. The post
rotated through the soil, twisted, and bent backward to a maximum deflection of 38.2 in. (969
mm) before the bogie overrode the post at 0.136 seconds after impact. Twisting of the post did
not occur until the end of the test. Upon inspection of the post, the compression flange was found
to be torn at the location of buckling and twisting, as shown in Figure 72.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer data
and are shown in Figure 71. The load quickly increased and peaked at 14.0 kips (62.2 kN) and
then steadily declined until reaching zero at the maximum deflection of 38.2 in. (969 mm). The
post rotating in soil absorbed a total of 251.7 kip-in. (28.4 kJ) of energy. Time-sequential
photographs and post-impact photographs are shown in Figure 72.
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Figure 71. Graph. Force vs. Deflection and Energy vs. Deflection, Test No. GWBR5-6.
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1. Post After Impact — Removed, Showing Deformation

Figure 72. Photo. Time Sequential and Post-Impact Photographs, Test No. GWBR5-6.
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7.4 ROUND 4 DISCUSSION AND CONCLUSIONS

Round 4 of dynamic testing consisted of two tests at three different embedment depths for a total
of six tests. The test results from the fourth round of bogie testing are summarized in Table 18
and shown graphically in Figure 73. For these tests, the observed force vs. deflection response
was similar in shape, magnitude, and duration. In fact, the calculated average forces at
deflections of 15 and 20 in. (381 and 508 mm) varied by less than 5 percent. Therefore, the
variation in embedment depth, ranging from 40 to 52 in. (1,016 to 1,321 mm), had limited effect
on the post-soil resistance for the steel posts driven into the MSE wall system at the slope break
point.

A linear correlation between embedment depth and peak force was found. As shown in Table 18,
the peak force increased by approximately 1 kip (4.5 kN) for every 6 in. (152 mm) of additional
embedment. These peak loads occurred at the beginning of the tests. Thus, the noted increase in
peak load may have been attributed to the increased inertial resistance of the longer posts and
additional soil that must be moved at impact.

Modest differences were observed in the maximum post deflections and total energy absorbed.
As the embedment depth increased, the maximum post deflection decreased. As noted
previously, the average forces for these tests were very similar. In addition, the posts with
shallower embedment depths absorbed more energy than the posts with deeper embedment
depths. A 12 in. (305 mm) increase in post embedment depth, ranging from 40 in. (1,016 mm) to
52 in. (1,321 mm), resulted in a 20 percent reduction in the total energy absorbed.

A reduction in maximum post deflection corresponded with an increase in post embedment
depth, which can be attributed to the higher ‘average’ post-soil forces observed during testing.
The posts with deeper embedment depths had more soil resistance to overcome as the post
rotated. The increased soil resistance led to higher forces and stresses imparted to the posts as
well as increased plastic deformations due to bending and lateral torsional buckling. For the
shorter posts, less force was required to rotate the post through the soil.

Once the bogie testing was completed, the posts were pulled out of the soil so that the
deformations could be compared to one another. The two galvanized W6x8.5 (W152x12.6) steel
posts, which both used a 40-in. (1,016-mm) embedment depth, had decreased plastic
deformations as compared to those observed for the four un-galvanized W6x9 (W152x13.4) steel
posts installed with greater embedment depths. The deformed posts are depicted in Figure 74.
The specific hinge locations for these steel posts installed with varying embedment depths are
provided in Table 19. For the 52-in. (1,321-mm) embedment depth, the average hinge location
was 42 in. (1,067 mm) below the top of the post. For the 46-in. (1,168-mm) embedment depth,
the average hinge location was 40.25 in. (1,022 mm) below the top of the post. For the 40-in.
(1,016-mm) embedment depth, the average hinge location was 40.5 in. (1,029 mm) below the top
of the post. As a result, the hinge locations were found to be 1.5 in. (38 mm) lower for the posts
with 52-in. (1,321-mm) embedment depths as compared to those posts which used 40-in. (1,016-
mm) embedment depths, as noted in Table 19.
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For the Round 3 dynamic bogie testing program, the steel posts were placed at the slope break
point of a 3H:1V fill slope within a soil testing pit using two installation methods — the auger,
backfill, and tamping method as well as the driven method. For the Round 4 dynamic bogie
testing program, the steel posts were placed at the slope break point of a 3H:1V fill slope
adjacent to and on top of the wire-faced, MSE wall system using the driven method. In addition
to variations for the installation method and soil testing area, three embedment depths were
evaluated — 40 in. (1,016 mm), 46 in. (1,168 mm), and 52 in. (1,321 mm). A summary of the test
parameters and results is provided in Table 20.

The Round 3 and 4 test results were then compared to evaluate the affects of the posts installed at
the slope break point of a 3H:1V fill slope in a soil testing pit versus on a wire-faced, MSE wall.
The post testing results were graphically compared in terms of force versus deflection and energy
versus deflection and as a function of embedment depth, as shown in Figures 75 through 77.

For the 40-in. (1,016-mm) embedment depth, the average force at both 15 in. (381 mm) and 20
in. (508 mm) of deflection was very similar for W6x8.5 (W152x12.6) steel posts either driven
into the MSE wall or installed in a soil test pit with the auger, backfill, and tamping method. For
tests nos. GWBRS5-3, GWBRS5-6, and GWRS5-4, the energy dissipated through 20 in. (508 mm)
of deflection was nearly identical, even when considering the different test locations and varied
post installation methods, as shown in Figure 75.

For the 46-in. (1,168-mm) embedment depth, the average force at both 15 in. (381 mm) and 20
in. (508 mm) of deflection was also very similar for either W6x9 (W152x13.4) steel posts driven
into the MSE wall or a W6x8.5 (W152x12.6) steel post installed in a soil test pit with the auger,
backfill, and tamping method. For tests nos. GWBR5-2, GWBR5-5, and GWRS5-3, the energy
dissipated through 20 in. (508 mm) of deflection varied only modestly, even when considering
the different test locations and varied post installation methods, as shown in Figure 76.

For the 52-in. (1,321-mm) embedment depth, the average force at both 15 in. (381 mm) and 20
in. (508 mm) of deflection for the W6x9 (W152x13.4) steel posts was lower for the two posts
driven into the MSE wall as compared to the two posts installed in a soil test pit — one driven and
another placed with the auger, backfill, and tamping method. For tests nos. GWBRS5-1, GWBRS-
4, GWRS5-1, and GWRS5-2, the energy dissipated through 20 in. (508 mm) of deflection was
more varied and correlated more with test location, as shown in Figure 77. At 20 in. (508 mm) of
deflection, the two posts driven into the MSE wall dissipated less energy than the two posts
installed in the soil testing pit - one driven and another placed with the auger, backfill, and
tamping method.
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Table 18. Round 4 Testing Results — W6x9 Steel Posts vs. W6x8.5 Steel Posts with Varying Embedment Depths and Posts Driven
at 3H:1V Slope Break Point.

Embedment | Impact Peak Force Average Force Total Maximum
Test Dt_epth Velocity | Force | Deflection | @ 15in. | @ 20 in. Energy Defl.ection Failure
No. in. mph Kips in. Kips Kips kip-in. in. Type
(mm) (km/h) (kN) (mm) (KN) (kN) (kJ) (mm)
W6x9 (W152x13.4) Steel Posts, 52-in. (1,321-mm) Embedment Depth
GWBRS-1 52 21.1 16.2 2.7 10.1 8.9 211.0 28.5 Soil Rotation,
i (1,321) (34.0) (72.0) (70) (44.9) (39.6) (23.8) (724) Post Yielding
GWBR5-4 52 22.3 15.1 33 9.9 9.1 235.7 34.2 Soil Rotation,
(1,321) (35.9) (67.1) (83) (43.8) (40.4) (26.6) (869) Post Yielding
52 21.7 15.6 3.0 10.0 9.0 223.4 314
Average
(1,321) (34.9) (69.6) (77) (44.4) (40.0) (25.2) (797)
W6x9 (W152x13.4) Steel Posts, 46-in. (1,168-mm) Embedment Depth
GWBRS5-2 46 19.4 15.1 3.2 10.2 9.3 240.8 35.0 Soil Rotation,
(1,168) (31.2) (67.1) (80) (45.2) (41.5) (27.2) (889) Post Yielding
GWBR5-5 46 23.9 14.4 4.5 9.7 8.9 244.5 38.5 Soil Rotation,
(1,168) (38.5) (64.0) (115) (43.1) (39.4) (27.6) (978) Post Yielding
AL 46 21.6 14.7 3.8 9.9 9.1 242.7 36.7
g (1,168) (34.8) (65.5) (98) (44.1) (40.4) (27.4) (933)
W6x8.5 (W152x12.6) Steel Posts, 40-in. (1,016-mm) Embedment Depth
GWBRS5-3 40 22.1 13.3 3.5 9.7 9.4 305.4 43.7 Soil Rotation,
(1,016) (35.6) (59.2) (89) (43.3) (41.9) (34.5) (1,109) Post Yielding
GWBR5-6 40 22.9 14.0 3.2 9.9 9.3 251.7 38.2 Soil Rotation,
(1,016) (36.8) (62.2) (82) (43.9) (41.2) (28.4) (969) Post Yielding
NN 40 22.5 13.6 34 9.8 9.3 278.6 40.9
g (1,016) (36.2) (60.7) (85) (43.6) (41.6) (31.5) (1,039)

TIVM 3SIN NO S1SOd — ONILS3L JINVYNAQ ¥ ANNOY

800-¢T-dLl/T7dD-VYMHH 'ON Ld0d3d YMHA

¢10¢ AdvNd4934



FHWA REPORT

FEBRUARY 2012
NO. FHWA-CFL/TD-12-008

ROUND 4 DYNAMIC TESTING — POSTS ON MSE WALL

Gabion Wall 20 mph Well-Compacted Testing
W6x8.5 and W6x9 Steel Posts
Force vs. Deflection

18
16
14
= GWBRS5-1 {52-in. embedment)
12 | ——GWBR5-2 (46-in. embedment)
. == GWBRS5-3 (40-in. embedment)
;_‘% 10 \ \ =———GWBR5-4 {52-in. embedment)
8 b = GWBRS5-5 (46-in. embedment)
g 8 ,\ Ve vﬁ
2 W \/\ s GWBR5-6 (40-in. embedment)
; \ AN
4 & ] A P
: AYA
10 15 20 25 30 35 40 45 50
Deflection {in.)
a. Force vs. Deflection
Gabion Wall Round 4 Bogie Testing
Steel W6x8.5 and W6x9 Posts
Energy vs. Deflection
350
e / =
20 ,/-—
/ —
:‘? 200 /
% = GWBR5-1 {52-in. embedment)
& ——GWBRS-2 (46-in. embedment)
g 150 ——GWBRS-3 {40-in. embedment)
~——GWBR5-4 (52-in. embedment)
100 =~ GWBR5-5 {46-in. embedment)
~——GWBR5-6 {40-in. embedment)
50
0
10 15 20 25 30 35 40 45 50
Deflection (in.)

b. Energy vs. Deflection

111



FEBRUARY 2012
FHWA REPORT NO. FHWA-CFL/TD-12-008
ROUND 4 DYNAMIC TESTING — POSTS ON MSE WALL

Figure 73. Graph. Force vs. Deflection and Energy vs. Deflection, 20 mph and Well-
Compacted Soil.

* Figure 74. Photo. Post Damage — Round 4 (Ascending Left to Right).

Table 19. Hinge Points (From Top of Posts).

Post Hinge

Length 1I:Ie§t Location

in. (mm) ) in. (mm)

GWBR-1 42 (1,067)

52 (1,321) GWBR-4 42 (1,067)
GWBR-2 40.5 (1,029)

46 (1,168) GWBR-5 40 (1,016)

40 (1.016) GWBR-3 41 (1,041)

GWBR-6 40 (1,016)
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Table 20. Comparison of Round 3 Posts on 3H:1V Slope and Round 4 Posts on 3H:1V Slope Adjacent to MSE Wall.

Impact Peak Force Average Force Total Maximum
Test Installation Post Type Velocity Force Deflection | @ 15in. | @ 20 in. Energy | Deflection
No. Method mph Kips in. Kips Kips Kip-in. in.
(km/h) (kN) (mm) (kN) (kN) (kJ) (mm)
Steel Posts with 40-in. (1,016-mm) Embedment Depth
GWBR5-3 Driven on MSE W6x8.5 22.1 13.3 3.5 9.7 9.4 305.4 43.7
wall (W152x12.6) (34.0) (59.2) (89) (43.3) (41.9) (34.5) (1,109)
GWBR5-6 Driven on MSE W6x8.5 22.3 14.0 32 9.9 9.3 251.7 38.2
wall (W152x12.6) (35.9) (62.2) (82) (43.9) (41.2) (28.4) (969)
GWR5-4 Augered hole W6x8.5 20.6 14.0 2.9 9.9 9.3 237.1 34.5
Backfilled/Tamped | (W152x12.6) (33.2) (62.1) (74) (43.9) (41.5) (26.8) (877)
Average 21.6 13.8 3.2 9.8 9.3 264.7 38.8
(34.4) (61.2) (82) (43.7) (41.5) (29.9) (985)
Steel Posts with 46-in. (1,168-mm) Embedment Depth
GWBRS-2 Driven on MSE W6x9 19.4 15.1 32 10.2 9.3 240.8 35.0
wall (W152x13.4) (31.2) (67.1) (80) (45.2) (41.5) (27.2) (889)
GWBRS-5 Driven on MSE W6x9 239 14.4 4.5 9.7 8.9 244.5 38.5
wall (W152x13.4) (38.5) (64.0) (115) (43.1) (39.4) (27.6) (978)
GWRS5-3 Augered hole W6x8.5 19.9 14.7 2.7 9.9 9.0 221.5 34.8
Backfilled/Tamped (W152x12.6) (32.0) (65.6) (69) (44.2) (40.0) (25.0) (883)
Average 21.1 14.7 3.5 9.9 9.1 235.6 36.1
(33.9) (65.6) (88) (44.2) (40.3) (26.6) (917)
Steel Posts with 52-in. (1,321-mm) Embedment Depth
GWBR5-1 Driven on MSE W6x9 21.2 16.2 2.7 10.1 8.9 211.0 28.5
wall (W152x13.4) (34.0) (72.0) (70) (44.9) (39.6) (23.8) (724)
GWBR5-4 Driven on MSE W6x9 22.3 15.1 33 9.9 9.1 235.7 34.2
wall (W152x13.4) (35.9) (67.1) (83) (43.8) (40.4) (26.6) (869)
GWRS-1 Driven in pit W6x9 20.0 15.1 3.7 10.9 9.8 237.4 354
(W152x13.4) (32.1) (67.2) (93) (48.4) (43.5) (26.8) (900)
GWRS-2 Augered hole W6x9 20.8 15.6 2.8 11.1 10.2 251.2 332
Backfilled/Tamped | (W152x13.4) (33.4) (69.5) (72) (49.3) (45.2) (28.4) (844)
Average 21.1 15.5 3.1 10.5 9.5 233.8 32.8
(33.9) (69.0) (80) (46.6) (42.2) (26.4) (834)
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Round 3 and Round 4 Comparison 40-in. Embedment
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Figure 75. Graph. Rounds 3 and 4 - Force vs. Deflection and Energy vs. Deflection (40-in.
Embedment and 3H:1V Slope Break Point).
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Figure 76. Graph. Rounds 3 and 4 - Force vs. Deflection and Energy vs. Deflection (46-in.

Embedment and 3H:1V Slope Break Point).
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Round 3 and Round 4 Comparison 52-in. Embedment
Force vs. Deflection
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Figure 77. Graph. Rounds 3 and 4 - and Energy vs. Deflection (52-in. Embedment and
3H:1V Slope Break Point).
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CHAPTER 8. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

8.1 SUMMARY OF DYNAMIC TESTING

The first round of testing included 11 tests on 6-in. x 8-in. (152-mm x 203-mm) wood posts
embedded 40 in. (1,016 mm) in different soils and impacted at various speeds. Two major
conclusions came from this round of testing. First, the resistance to post rotation provided by the
2-in. to 4-in. (51-mm to 102-mm) wall-facing rock was dramatically less than that observed in
standard strong soil, e.g., AASHTO Grading B. Thus, a standard MGS should not be configured
with posts placed in larger wall-facing rock. In addition, it would seem extremely difficult, if not
impossible, to place posts into the larger wall facing fill using the driven method. Second, testing
at various impact speeds demonstrated an increase in force and energy absorbed with increases in
impact velocity. A 50 percent increase in average force occurred when comparing the 20 mph
(32 km/h) tests to the 15 mph (24 km/h) tests, but a minimal increase occurred between the 20
mph (32 km/h) and 25 mph (40 km/h) tests. Further testing would be required to determine
whether this phenomenon was the result of the soil inertia, the dynamic properties of the soil, or
some other unknown cause.

The second round of testing included two tests on 6-in. x 8-in. (152-mm x 203-mm) wood posts
and two tests on W6x16 (W152x23.8) steel posts. A Wox16 (W152x23.8) steel section was used
in lieu of a W6x9 (W152x13.4) steel section to determine the post-soil resistance of an
embedded guardrail post since the heavier section had a similar flange width but decreased
concerns for plastic deformations. All four posts were embedded 40 in. (1,016 mm) into a well-
compacted, strong soil and impacted at 20 mph (32 km/h). The test results showed that the post-
soil resistance for standard wood and steel posts was nearly identical. This finding supports the
common, industry-wide assumption that the two post types provide equivalent post-soil
resistance for guardrail systems.

The third round of testing involved five tests of wood and steel posts placed at the slope break
point of a 3H:1V fill slope with various embedment depths, ranging between 40 in. and 52 in.
(1,016 mm and 1,321 mm). A 6-in. x 8-in. (152-mm x 203-mm) wood post with a 52-in. (1,321-
mm) post embedment depth was shown to fracture and thus could not provide the required
energy absorption for an MGS post. The steel post tests resulted in similar resistances to post
rotation regardless of the embedment depth due to plastic bending of the posts during all of the
tests.

The fourth round of bogie testing utilized six bogie tests to evaluate standard steel posts placed
on top of an actual MSE wall constructed to FHWA specifications. The posts were driven into a
roller-compacted, strong soil at the slope break point of a 3H:1V fill slope adjacent to and on top
of a wire-faced, MSE wall system. Multiple embedment depths, ranging from 40 in. to 52 in.
(1,016 mm to 1,321 mm), were again evaluated. All of the tests resulted in force vs. deflection
curves with similar shapes and magnitudes. However, the deeper embedment depths resulted in
higher peak post-soil resistance but caused greater post bending and less post rotation. Deeper
embedment depths caused the point of rotation (plastic bending hinge) to be farther below the
ground line, thus resulting in a lower maximum deflection and decreased energy absorption. On
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the other hand, the shorter embedment depths allowed for more post rotation through the soil and
less post bending, thus resulting in larger deflections and increased energy absorption.

8.2 RECOMMENDATIONS

The fourth round of testing demonstrated that standard steel posts, ranging between 6 and 7 ft
(1.8 and 2.1 m) in length, provide similar post-soil behavior through the deflections of 15 to 20
in. (381 to 408 mm) or within the expected performance for typical W-beam guardrail systems.
However, the 6-ft (1.8-m) long posts with a 40-in. (1,016-mm) embedment depth provided
improved energy absorption as compared to the steel posts with embedment depths of 46 and 52
in. (1,168 and 1.321 mm). Therefore, it is recommended that a non-blocked version of the MGS
with W-beam backup plates be installed with 6-ft (1.8-m) long steel posts driven at the slope
break point of a 3H:1V fill slope adjacent to and on top of a wire-faced, MSE wall using either
W6x8.5 (W152x12.6) or W6x9 (W152x13.4) steel sections.

During the second round of testing, the post-soil resistance provided by 6-ft (1.8-m) long,
Wo6x16 (W152x23.8) steel and 6-ft (1.8-m) long, 6-in x 8-in. (152-mm x 203 mm) wood posts
installed in level terrain was found to be very similar. Since the W6x8.5 (W152x12.6) and W6x9
(W152x13.4) steel sections have similar flange widths to the W6x16 (W152x23.8) steel section,
it is believed that standard steel posts would also provide similar post-soil resistance to 6-in x 8-
in. (152-mm x 203-mm) wood posts when installed in level terrain and using 6-ft (1.8-m) long
sections. As such, it is the researcher’s opinion that the standard MGS installed in level terrain
would perform in an acceptable manner when supported by 6-in. x 8-in. (152-mm x 203-mm)
wood posts using a 6 ft (1.8 m) length and a 40-in. (1,016-mm) embedment depth.

During the third round of testing, wood posts measuring 7 ft (2.1 m) long or greater were to be
tested and evaluated when installed at the slope break point of a 3H:1V fill slope. Due to a
failure observed in the first test within this series, the wood post test matrix was temporarily
aborted. As a result, the dynamic post-soil behavior and an acceptable length for a 6-in x 8-in.
(152-mm x 203 mm) wood post was not determined for MSE wall applications. Further bogie
testing of wood posts installed at the slope break point of a 3H:1V fill slope is planned for a
follow-on research and testing program to determine an acceptable post length. If that wood post
testing program is successful, the implementation of wood posts into the barrier system may be
hindered unless an acceptable post installation method is developed for MSE wall applications.

Wood posts have a much larger cross-sectional area as compared to standard steel guardrail
posts. Thus, it may be difficult to install wood posts either with the driven method or by using
the auger, backfill, and tamping method due to the compacted soil and steel wire mesh found
within the upper surface of a wire-faced, MSE wall. Based on post-soil performance, reliability,
and ease of installation, steel posts versus wood posts were recommended for use in the crash
testing and evaluation program of a non-blocked, MGS installed on a wire-faced, MSE wall
system.
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Figure 79. Photo. W6x9 (W152x13.4) Steel Posts, Material Specification.
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Figure 80. Photo. W6x16 (W152x23.8) Steel Posts, Material Specification.

SNOILVIIHIOFdS TVIHILVIN 'V XIANIddV
800-2T-dL/1d40-VMHL 'ON 140d3d VMH4

¢T0Z AdvNdd34d



FEBRUARY 2012
FHWA REPORT NO. FHWA-CFL/TD-12-008
APPENDIX B. SOIL SIEVE DATA

Appendix B. Soil Sieve Data

The results of washed soil sieve passing tests from each batch of soil used for every dynamic
bogie test are provided in the graphs found in this appendix. The graphs show the passing
percentages for the soil.
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Washed Sieve Results
January 22, 2008 Test of 3-1-3
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Figure 81. Graph. Sieve Results for Test No. GWB-1 through GWB-5.
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Washed Sieve Results
May 21, 2008 Test of 3-1-3
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Figure 82. Graph. Sieve Results for Test No. GWB-6 through GWB-11.
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Washed Sieve Results
Sept 5, 2008 Test of 3-1-3
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Figure 83. Graph. Sieve Results for Test No. GWB-12 through GWB-15.
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Washed Sieve Results
Oct 31, 2008 Test of 3-1-3
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Figure 84. Graph. Sieve Results for Test No. GWR4-1.
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Washed Sieve Results
April 16, 2009 Test of 3-1-3
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Figure 85. Graph. Sieve Results for Test No. GWR5-1 through GWR5-4.
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Washed Sieve Results
August 13, 2009 Test of 3-1-3
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Figure 86. Graph. Sieve Results for Test No. GWBRS5-1 through GWBR5-6.
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Appendix C. Dynamic Test Results

The results of the recorded data from each accelerometer for every dynamic bogie test are
provided in the summary sheets found in this appendix. Summary sheets include acceleration,
velocity, and deflection vs. time plots as well as force and energy vs. deflection plots.
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Bogie Test Summary

Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-1 Max. Deflection: 4835 in.
Test Date: 1-May-2008 Peak Force: DT k
Failure Type: Post Rotation Initial Linear Stiffness: 6.1 kin
Total Energy: 2220 k-in
Post Properties
Post Type: Wood - 8YP
Post Size: G-in. x B-in. 132-mm x 203-mm
Post Length: 12in. 1829 ¢em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Axis - Centered On Post Bogie Acceleration vs. Time
7
Soil Properties
Gradation: AASHTO Grade B (strong soil) 6
Moisture Content: NA e
Compaction Method:  Pneumatic Tamper ‘—;,5
Soil Density, yd: NA =
Y Ea
-
Bogie Properties E 3 | A A faWC!
Tmpact Velocity: 20.7 mph (304 fps) Fim's \YAYA AR “’\_\
Impact Height: 24875 in. 632 cm 52
Bogie Mass: 1341 1b 8331kg \'\
1 N
Data Acquired \J\
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Figure 87. Graph. Test No. GWB-1 Results (EDR-3).
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Bogie Test Summary

Deflection (in.)

Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-1 Mazx. Deflection: 49.7 in.
Test Date: 1-May-2008 Peak Force: 107 k
Failure Type: Post Rotation Initial Linear Stiffness: 6.6 kin
Total Energy: 2078 k-in
Post Properties
Post Type: Wood - 5YP
Post Size: G-in. x B-in. 152-mm x 203-mm
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Axis - Centered On Post Bogie Acceleration vs. Time
7
Soil Properties
Gradation: AASGTO Grade B (strong soil) 6
Moisture Content: NA -
Compaction Method:  Prnuematic Tamper ‘—§5
Soil Density, yd: NA N
Y H
-
Bogie Properties E 3 P
Impact Velocity: 20.71mph (304fps)  926m's WN—./ _’\
Impact Height: 24875in. 632 cm E 2
Bogie Mass: 18411b 83351k \\
1 N
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Figure 88. Graph. Test No. GWB-1 Results (DTS).
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Bogie Test Summary

Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-2 Mazx. Deflection: 439 in.
Test Date: T-May-2008 Peak Force: 123 k
Failure Type: Post Rotation Initial Linear Stiffness: 82 Kin
Total Energy: 2050 k-in
Post Properties
Post Type: Wood - 5YP
Post Size: G- x 8-in. 152-mm x 203-mm
Post Length: 12in. 1829 cm
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Axis - Centered On Post Bogie Acceleration vs. Time
g
Soil Properties 5
Gradation: AASHTO Grade B (strong soil)
Moisture Content: NA L
Compaction Method:  Pneumatic Tamper ‘—E
Soil Density, yd: NA =5
. " -E 4 AN
Bogie Prn]')'ertle_s _ : s ’j\j \/\
Impact Velocity: 198 mph (2% fps) 8%m's 3
Impact Height: 24875 in. 632 cm 5 v
Bogie Mass: 13411b 3351kg 2 \__\
1
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Figure 89.Graph. Test No. GWB-2 Results (EDR-3).
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Bogie Test Summary

Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-2 Mazx. Deflection: 481 in
Test Date: T-May-2008 Peak Force: 42 k
Failure Type: Post Rotation Initial Linear Stiffness: %8 kin
Total Energy: 1946 k-in.
Post Properties
Post Type: Wood - 5YP
Post Size: G-in. x B-in. 152-mm x 203-mm
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Axis - Centered On Post Bogie Acceleration vs. Time
9
Soil Properties &
Gradation: AASGTO Grade B (strong soil)
Moisture Content: NA - 7
Compaction Method:  Prnuematic Tamper .‘% 6
Soil Density, yd: NA =
25
-
Bogie Properties E 3 A
Tmpact Velocity: 077 mph (0fps)  S84m | Wa S
Impact Height: 21875, 632 cm 5 3 ,
Bogie Mass: 18411b 8351kg 2
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Figure 90. Graph. Test No. GWB-2 Results (DTS).
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Bogie Test Summary
Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-3 Mazx. Deflection: 328 in
Test Date: 9-May-2008 Peak Force: 83 k
Failure Type: Post Rotation Initial Linear Stiffness: 7.7 Kin
Total Energy: 1419 k-in.
Post Properties
Post Type: Wood - 5YP
Post Size: G-in. x B-in. 152-mm x 203-mm
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Axis - Centered on Post Bogie Acceleration vs. Time
7
Soil Properties
Gradation: AASHTO Grade B (strong soil) 6
Moisture Content: NA -
Compaction Method:  Pneumatic Tamper ‘—§5
Soil Density, yd: NA N
S H
-
Bogie Pro]{ertie_s _ E 3
Impact Velocity: 15.1mph (22.1 fps) 6.8m's
Impact Height: 24875in. 632 cm 5 7 AR A
Bogie Mass: 184110 8$33.1kg VY \,\
1
Data Acquired ".\"\r\_\w
Acceleration Data: EDR-3 ] i SPEZN
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Figure 91. Graph. Test No. GWB-3 Results (EDR-3).
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Bogie Test Summary

Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-3 Mazx. Deflection: 69.7 in.
Test Date: 9-May-2008 Peak Force: 4 k
Failure Type: Post Rotation Initial Linear Stiffness: 83 kin
Total Energy: 1536 k-in.
Post Properties
Post Type: Wood - 5YP
Post Size: G-in. x B-in. 152-mm x 203-mm
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Axis - Centered On Post Bogie Acceleration vs. Time
G
Soil Properties
Gradation: AASHTO Grade B (strong Soil) 5 i
Moisture Content: NA - ‘l
Compaction Method:  Prnuematic Tamper .‘% 2
Soil Density, yd: NA = ‘I
i
Bogie Properties E
Impact Velocity: 15.14 mph (222 fps) 6.77m's _
Impact Height: 21875, 632 cm 5 2
Bogie Mass: 18411b 83351k
1
R
Data Acquired ™ A
Acceleration Data: DTS ]
Camera Data: AQS-1Perpendicular - 32ft-3in. a 01 0.2 03 0.4 05 0.6
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Figure 92. Graph. Test No. GWB-3 Results (DTS).
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Bogie Test Summary

Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-4 Mazx. Deflection: 9 in
Test Date: 9-May-2008 Peak Force: 102 k
Failure Type: Post Rotation Initial Linear Stiffness: 86 kin
Total Energy: 1283 k-in
Post Properties
Post Type: SYP Wood
Post Size: G-in. x B-in. 152-mm x 203-mm
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Axis - Centered on Post Bogie Acceleration vs. Time
7
Soil Properties
Gradation: AASHTO Grade B (strong soil) 6
Moisture Content: NA -
Compaction Method:  Pneumatic Tamper ‘—§5
Soil Density, yd: NA N
Y H
-
Bogie Properties E 3
Impact Velocity: 143 mph (21 fps) G4m's A
Impact Height: 24875in. 632 cm 5 2 A
Bogie Mass: 184110 8$33.1kg M VaaTAY
1 H —
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Figure 93. Graph. Test No. GWB-4 Results (EDR-3).
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Bogie Test Summary

Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-4 Mazx. Deflection: 344 in
Test Date: &-May-2008 Peak Force: 1132 &
Failure Type: Post Rotation Initial Linear Stiffness: 104 kKin
Total Energy: 1540 k-in.
Post Properties
Post Type: Wood - 5YP
Post Size: G- x 8-in. 152-mm x 203-mm
Post Length: 12in. 1829 cm
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Axis - Centered On Post Bogie Acceleration vs. Time
7
Soil Properties
Gradation: AASHTO Grade B (3tong soil) 6
Moisture Content: NA 2y
Compaction Method:  Prnuematic Tamper ‘—E 5
Soil Density, yd: NA =
Y S
-
Bogie Properties E 3 I
Impact Velocity: 1434 mph (21 fps) 641m's
Impact Height: 24.873in. 63.2 cm 5 2 A
Bogie Mass: 13411b 3351kg s Vi
ik
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Figure 94. Graph. Test No. GWB-4 Results (DTS).
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Bogie Test Summary
Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-3 Mazx. Deflection: 362 in.
Test Date: 14-May-2008 Peak Force: 84 k
Failure Type: Post Rotation Initial Linear Stiffness: 65 kin
Total Energy: 1263 k-in.
Post Properties
Post Type: Wood - 5YP
Post Size: G- x 8-in. 152-mm x 203-mm
Post Length: 12in. 1829 cm
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Axis - Centered On Post Bogie Acceleration vs. Time
7
Soil Properties
Gradation: 24n. to 4-in. Limestone Rock 6
Moisture Content: NA 5
Compaction Method: NA ‘—%5
Soil Density, yd: NA =
Y E4
-
Bogie Properties E 3
Impact Velocity: 19.7mph (28.9 fps) 88m's
Impact Height: 24875 in. 632 cm 5 3 If\ LY
Bogie Mass: 13411b 8351kg U \’\/\
A ray
1 \/
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Figure 95. Graph. Test No. GWB-5 Results (EDR-3).
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Bogie Test Summary

Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-3 Mazx. Deflection: 633 in
Test Date: 14-May-2008 Peak Force: 109 k
Failure Type: Post Rotation Initial Linear Stiffness: 33 kin
Total Energy: 1243 k-in.
Post Properties
Post Type: Wood - 5YP
Post Size: G-in. x B-in. 152-mm x 203-mm
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Axis - Centered On Post Bogie Acceleration vs. Time
7
Soil Properties
Gradation: 24n. to 4-in. Limestone Rock &
Moisture Content: NA =5
Compaction Method: NA By
Soil Density, yd: NA E 4
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Impact Velocity: 19.73 mph (28.9 fps) 882m's g n A
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Figure 96. Graph. Test

No. GWB-5 Results (DTS).

143



FEBRUARY 2012

FHWA REPORT NO. FHWA-CFL/TD-12-008
APPENDIX C. DYNAMIC TEST RESULTS

MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information FHWA Gabion Wall Test Results y
Test Number: GWB-6 Mazx. Deflection: 405 in
Test Date: 4-Tun-2008 Peak Force: 87T k
Failure Type: Post Rotation Initial Linear Stiffness: 4 kin
Total Energy: 1775 k-n.
Post Properties
Post Type: Wood - 5YP
Post Size: e % 8-in. 152-mm x 203-mm
Post Length: T2in. 1829cm
Embedment Depth: 404n. 101.6 cm
Crientation: Strong Axis - Centered On Post Bogie Acceleration vs. Time
7
Soil Properties
Gradation: AASHTO Grade B (strong soil) g
Moisture Content: NA =5
Compaction Method:  Pneumatic Tamper -_Ei
Soil Density, yd: NA =, M A
| T
Bogie Properties E 3 v ~
Impact Velocity: 19.6 mph (28.7 fps) §.8m's E I \/\’\
Impact Height: 24875 in. 632 cm 2
Bogie Mass: 18371b 8332kg
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Figure 97. Graph. Test No. GWB-6 Results (EDR-3).
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Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-6 Mazx. Deflection: 304 in
Test Date: 4-Tun-2008 Peak Force: 73 k
Failure Type: Post Rotation Initial Linear Stiffness: 34 kin
Total Energy: 1426 k-in.
Post Properties
Post Type: SYP Wood
Post Size: G-in. x B-in. 152-mm x 203-mm
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Axis - Centered On Post Bogie Acceleration vs. Time
3
Soil Properties
Gradation: AASHTO Grade B (strong soil) 2
Moisture Content: NA _
Compaction Method:  Pneumatic Tamper ﬁ M
Soil Density, yd: NA E 3 ] w“"-\
Bogie Properties E 5 M"\
Impact Velocity: 19.6 mph (287 fps) 8.76m's E \
Impact Height: 24875in. 632 cm \
Bogie Mass: 18371b 8332kg 1
Data Acquired \
Acceleration Data: EDEA4 B
Camera Data: AQS-2 Perpendicular - 36ft-2in. ] 0.05 01 0.15
Time (s)
Force vs. Deflection At Impact Location Bogie Velocity vs. Time
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Figure 98. Graph. Test No. GWB-6 Results (EDR-4).
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Bogie Test Summary

Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-7 Mazx. Deflection: 408 in.
Test Date: 4-Tun-2008 Peak Force: 86 k
Failure Type: Post Rotation Initial Linear Stiffness: 33 kin
Total Energy: 2075 k-in
Post Properties
Post Type: Wood - 5YP
Post Size: G-in. x B-in. 152-mm x 203-mm
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Axis - Centered On Post Bogie Acceleration vs. Time
7
Soil Properties
Gradation: AASHTO Grade B (strong soil) 6
Moisture Content: NA -
Compaction Method:  Pneumatic Tamper ‘—§5
Soil Density, yd: NA N
S H
-
Bogie Properties E 3 N’\/%
Impact Velocity: 19 mph (27.9 fps) 83m's \
Impact Height: 24875in. 632 cm E 2
Bogie Mass: 18371b 8332kg \‘N..._
1 ™
Data Acquired ‘_\
Acceleration Data: EDR-3 ]
Camera Data: A0S-2 Perpendicular - 36ft-2in. 0.05 01 0.15 0.2
Time (s)
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Figure 99. Graph. Test No. GWB-7 Results (EDR-3).
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Bogie Test Summary
Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-7 Mazx. Deflection: 422 in
Test Date: 4-Tun-2008 Peak Force: T4k
Failure Type: Post Rotation Initial Linear Stiffness: 30 kin
Total Energy: 1640 k-in.
Post Properties
Post Type: SYP Wood
Post Size: G-in. x B-in. 152-mm x 203-mm
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Axis - Centered On Post Bogie Acceleration vs. Time
4.3
Soil Properties 4
Gradation: AASHTO Grade B (strong soil)
Moisture Content: NA =33
Compaction Method:  Pneumatic Tamper -_Ei 3
Soil Density, yd: NA 2.5 |l N~
E AN
Bogie Properties 3 2
Impact Velocity: 18.9% mph (27.9 fps) 849m's E 15 \
Impact Height: 24875 in. 632 cm ) ' N
Bogie Mass: 18371b 8332kg 1 \
0.5
Data Acquired \
Acceleration Data: EDEA4 B
Camera Data: AQS-2 Perpendicular - 36ft-2in. ] 0.05 01 0.15 0.2
Time (s)
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Figure 100. Graph. Test No. GWB-7 Results (EDR-4).
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Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-8 Mazx. Deflection: 433 in
Test Date: 6-Tun-2008 Peak Force: 87 k
Failure Type: Post Rotation - Bogie Stopped Initial Linear Stiffness: 73 Kin
Total Energy: 1449 k-in.
Post Properties
Post Type: SYP Wood
Post Size: G- x 8-in. 152-mm x 203-mm
Post Length: 12in. 1829 cm
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Axis z Bogie Acceleration vs. Time
Soil Properties
Gradation: AASHTO Grade B (strong soil) i
Moisture Content: NA 2
Compaction Method:  Pneumatic Tamper ‘—%
Soil Density, yd: NA =3
2
-
Bogie Properties g PPV TA™
Impact Velocity: 15.1mph (22.1 fps) 6.8m's = b
Impact Height: 24875in. 632 cm 5
Bogie Mass: 18371b 8332k 1
Data Acquired
Acceleration Data: EDE-3 ] A
Camera Data: AOS-2 Perpendicular - 36ft-2in. 005 01 01 0.2 025 03
i . T'ln'ieis] : - ¥
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Figure 101. Graph. Test No. GWB-8 Results (EDR-3).
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Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-8 Mazx. Deflection: 408 in.
Test Date: 6-Tun-2008 Peak Force: 81k
Failure Type: Post Rotation - Bogie Stopped Initial Linear Stiffness: 6.8 kin
Total Energy: 1138 k-in.
Post Properties
Post Type: SYP Wood
Post Size: G-in. x B-in. 152-mm x 203-mm
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Asis . Bogie Acceleration vs. Time
Soil Properties
Gradation: AASHTO Grade B (strong soil) 2
Moisture Content: NA _
Compaction Method:  Pneumatic Tamper ﬁ
Soil Density, yd: NA E 3
] ; B
Bogie Prop'eme_s _ . 2 5 Al
Impact Velocity: 15.08 mph (22.1 fps) 6.74m's E i S—
Impact Height: 24875 632 cm \
Bogie Mass: 18371b 8332kg 1 L B
Data Acquired \\.
Acceleration Data: EDEA4 B
Camera Data: AQS-2 Perpendicular - 36ft-2in. ] Q.05 01 015 02 0.25
Time (s)
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Figure 102. Graph. Test No. GWB-8 Results (EDR-4).
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Bogie Test Summary

Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-2 Mazx. Deflection: 427 in.
Test Date: 6-Tun-2008 Peak Force: 66 k
Failure Type: Post Rotation - Bogie Stopped Initial Linear Stiffness: 64 kin
Total Energy: 127.7 k-in.
Post Properties
Post Type: SYP Wood
Post Size: G-in. x B-in. 152-mm x 203-mm
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Asis s Bogie Acceleration vs. Time
Soil Properties
Gradation: AASHTO Grade B (strong soil) 4
Moisture Content: NA -
Compaction Method:  Pneumatic Tamper By |
Soil Density, yd: NA E 3
Bogie Properties E 2 A AN A Al
Impact Velocity: 143 mph (213 fps) 63m's g VEINANT TN
Impact Height: U875, 632 em \’\
Bogie Mass: 18371b 8332kg 1 L
Data Acquired 0 M\V\
Acceleration Data: EDR-3
Camera Data: AQS-2 Perpendicular - 36ft-2in. 0 0.05 01 0.15 0.2 0.25 0.3
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Figure 103. Graph. Test No. GWB-9 Results (EDR-3).
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Bogie Test Summary

Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-2 Mazx. Deflection: 406 in.
Test Date: 6-Tun-2008 Peak Force: 63 k
Failure Type: Post Rotation - Bogie Stopped Initial Linear Stiffness: 36 kKin
Total Energy: 96.6 k-in.
Post Properties
Post Type: SYP Wood
Post Size: G-in. x B-in. 152-mm x 203-mm
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Asis P Bogie Acceleration vs. Time
Soil Properties 5is
Gradation: AASHTO Grade B (strong soil) ’
Moisture Content: NA - 3
Compaction Method:  Pneumatic Tamper -_Ei
Soil Density, yd: NA E 25
Bogie P i E :
ogie Properties g ﬂ\“&\.
Tmpact Velocity: 14 3mph (213 fps) 648 m's E 15 N ~
Impact Height: 24875in. 632 cm 1
Bogie Mass: 18371b 8332kg \\
05
Data Acquired \-.\
Acceleration Data: EDEA4 B
Camera Data: AQS-2 Perpendicular - 36ft-2in. ] Q.05 01 015 02 0.25
Time (s)
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Figure 104. Graph. Test No. GWB-9 Results (EDR-4).
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Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWEB-10 Mazx. Deflection: 4335 in
Test Date: 6-Tun-2008 Peak Force: 146 k
Failure Type: Post Rotation Initial Linear Stiffness: 7.7 Kin
Total Energy: 2235 k-in
Post Properties
Post Type: SYP Wood
Post Size: G-in. x B-in. 152-mm x 203-mm
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Asis . Bogie Acceleration vs. Time
Soil Properties &
Gradation: AASHTO Grade B (strong soil)
Moisture Content: NA - 7
Compaction Method:  Pneumatic Tamper 6
Soil Density, yd: NA E 5
Bogie Properties E 4 A
Impact Velocity: 24.7mph (36.2 fps) lm's g 3
Impact Height: 2875in. 632 em , IV T N~
Bogie Mass: 18371b 8332kg
) N~
Data Acquired 0
Acceleration Data: EDR-3
Camera Data: AOS-2 Perpendicular - 36ft-2in. 0 0.02 0.04 0.06 0.08 0.1 012 0.14
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Figure 105. Graph. Test No. GWB-10 Results (EDR-3).
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Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWEB-10 Mazx. Deflection: 482 in
Test Date: 6-Tun-2008 Peak Force: 136 k
Failure Type: Post Rotation Initial Linear Stiffness: 71 kin
Total Energy: 2003 k-in
Post Properties
Post Type: SYP Wood
Post Size: G-in. x B-in. 152-mm x 203-mm
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Asis a Bogie Acceleration vs. Time
Soil Properties =
Gradation: AASHTO Grade B (strong soil)
Moisture Content: NA - 6
Compaction Method:  Pneumatic Tamper ﬁ
Soil Density, yd: NA E 5
. . B ¢
Bogie Properties ]
Impact Velocity: 24.7mph (36.2 fps) 1104m's E 3
Impact Height 248750, 632 cm . S
Bogie Mass: 18371b 8332kg \J TN
1
Data Acquired \\
Acceleration Data: EDEA4 B
Camera Data: AQS-2 Perpendicular - 36ft-2in. ] 0.05 01 0.15
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Figure 106. Graph. Test No. GWB-10 Results (EDR-4).
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Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWEB-11 Mazx. Deflection: 438 in
Test Date: 6-Tun-2008 Peak Force: 148 &
Failure Type: Post Rotation Initial Linear Stiffness: 78 kin
Total Energy: 2335 k-in
Post Properties
Post Type: SYP Wood
Post Size: G-in. x B-in. 152-mm x 203-mm
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Asis g Bogie Acceleration vs. Time
Soil Properties 8
Gradation: AASHTO Grade B (strong soil)
Moisture Content: NA - 7
Compaction Method:  Pneumatic Tamper 5
Soil Density, yd: NA E 5
. . e
Bogie Properties i
Impact Velocity: 24 Tmph (362 fps) m's g 3 A f\/\vf\ N
Impact Height: 24873 in. 632 cm ) \ [V N
Bogie Mass: 18371b 8332kg T
1 \"\-...
Data Acquired 0 \\
Acceleration Data: EDR-3
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Figure 107. Graph. Test No. GWB-11 Results (EDR-3).
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Bogie Test Summary

Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWEB-11 Mazx. Deflection: 490 in.
Test Date: 6-Tun-2008 Peak Force: 138 &
Failure Type: Post Rotation Initial Linear Stiffness: 74 kin
Total Energy: 2114 k-in
Post Properties
Post Type: SYP Wood
Post Size: G-in. x B-in. 152-mm x 203-mm
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Asis a Bogie Acceleration vs. Time
Soil Properties =
Gradation: AASHTO Grade B (stomg soil)
Moisture Content: NA - 6
Compaction Method:  Pneumatic Tamper ﬁ
. . - 5
Soil Density, yd: NA E
. X "E 4
Bogie Properties ] A
Impact Velocity: 24.7mph (36.2 fps) 1104m's E 3 VU_A NS
Impact Height: 24875in. 632 cm 2 ’ \
Bogie Mass: 18371b 8332kg I ““
1 V \
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Figure 108. Graph. Test No. GWB-11 Results (EDR-4).
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Bogie Test Summary
Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-12 Mazx. Deflection: 338 in
Test Date: 18-Sep-2008 Peak Force: 128 k
Failure Type: Post Rotation Initial Linear Stiffness: 86 kin
Total Energy: 2361 k-in
Post Properties
Post Type: Steel
Post Size: Wioxlé W152x23.8
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Asis ” Bogie Acceleration vs. Time
Soil Properties 8
Gradation: AASHTO Grade B (strong soil)
Moisture Content: NA ._..? VA\
Compaction Method:  Pneumatic Tamper -_E?G H
Soil Density, yd: NA = v‘k
25 \\
Bogie Properties 54
Impact Velocity: 19 mph (27.9 fps) 83m's \
Impact Height: U875, 632 em 5 3 \y
Bogie Mass: 1802 1b 8174kz 2 \'\‘
: 1 ~—
Data Acquired
Acceleration Data: EDR-3 ]
Camera Data: AQS-5 Perpendicular - 34ft 0 0.05 01 0.15 02 0.25
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Figure 109. Graph. Test No. GWB-12 Results (EDR-3).
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Bogie Test Summary
Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-12 Mazx. Deflection: 416 in
Test Date: 18-Sep-2008 Peak Force: 120 k
Failure Type: Post Rotation Initial Linear Stiffness: 84 kin
Total Energy: 2210 k-in
Post Properties
Post Type: Steel
Post Size: Wioxlé W152x23.8
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Asis " Bogie Acceleration vs. Time
Soil Properties 7
Gradation: AASHTO Grade B (strong soil)
Moisture Content: NA 6
Compaction Method:  Pneumatic Tamper .‘%
Soil Density, yd: NA =5 \
2
=q
Bogie Properties E —\
Impact Velocity: 18.9% mph (27.9 fps) 849m's 3
Impact Height: 24875 in. 632 cm 5 A \
Bogie Mass: 1802 1b 8174k
. . N
Data Acquired ""'"\—-N
Acceleration Data: EDR4 0 e ——
Camera Data: AQS-5 Perpendicular - 34ft 0 0.05 01 0.15 02 0.25
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Figure 110. Graph. Test No. GWB-12 Results (EDR-4).
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Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWEB-13 Mazx. Deflection: 313 in
Test Date: 6-Oct-2008 Peak Force: 128 k
Failure Type: Post Rotation Initial Linear Stiffness: 72 kin
Total Energy: 2477 k-in
Post Properties
Post Type: Steel
Post Size: Wioxlé W152x23.8
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Asis , Bogie Acceleration vs. Time
Soil Properties &
Gradation: AASHTO Grade B (strong soil)
Moisture Content: NA 7 AV \\
Compaction Method:  Pneumatic Tamper ‘—§5
Soil Density, yd: NA - N
e ~_\
Bogie Properties E 3
Impact Velocity: 192 mph (282 fps) §.6m's ‘x
Impact Height: 24873 in. 632 cm 5 B .
Bogie Mass: 1802 1b 8174kz 2
Data Acquired ! BN
ata Acquir
Acceleration Data: EDR-3 0 \‘\\"'\
Camera Data: AQS-5 Perpendicular - 34ft 0.05 01 0.15 0.2
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Figure 111. Graph. Test No. GWB-13 Results (EDR-3).
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Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-14 Mazx. Deflection: 317 in
Test Date: 6-Oct-2008 Peak Force: 46 k
Failure Type: Post Rotation Initial Linear Stiffness: 30 kin
Total Energy: 2320 k-in
Post Properties
Post Type: SYP Wood
Post Size: G-in. x B-in. 152-mm x 203-mm
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Asis , Bogie Acceleration vs. Time
Soil Properties 8 o
Gradation: AASHTO Grade B (strong soil) " \\\
Moisture Content: NA - 7 h‘\
Compaction Method:  Pneumatic Tamper ‘—§5
Soil Density, yd: NA = A
&5 o/
-
Bogie Properties E 3 \ Wal
Impact Velocity: 193 mph (283 fps) §.6m's \.\
Impact Height: U875, 632 em 5 & \\
Bogie Mass: 1802 1b 8174kz 2 ‘\-.\
1
Data Acquired _\‘-.\‘_
Acceleration Data: EDR-3 ] e
Camera Data: AQS-5 Perpendicular - 34ft 0 0.05 01 0.15 0.2
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Figure 112. Graph. Test No. GWB-14 Results (EDR-3).
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Bogie Test Summary
Test Information FHWA Gabion Wall Test Results Summary
Test Number: GWB-13 Mazx. Deflection: 300 in
Test Date: 6-Oct-2008 Peak Force: 133 k
Failure Type: Post Rotation Initial Linear Stiffness: 34 kEin
Total Energy: 2256 k-in
Post Properties
Post Type: SYP Wood
Post Size: G-in. x B-in. 152-mm x 203-mm
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Asis , Bogie Acceleration vs. Time
Soil Properties &
Gradation: AASHTO Grade B (strong soil)
Moisture Content: NA 7 Mv\
Compaction Method:  Pneumatic Tamper ‘—§5
Soil Density, yd: NA =
25 J"
Bogie Properties 4 \
Impact Velocity: 196 mph (28.7 fps) 88m's = \
Impact Height: 24 875in. 632 cm 5 B "”\
Bogie Mass: 1802 1b 8174kz 2 \
Data Acquired ! .
ata Acquir
Acceleration Data: EDR-3 0 \
Camera Data: AQS-5 Perpendicular - 34ft 0 0.05 '|"||1—D|'e1|;] 0.15 0.2
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Figure 113. Graph. Test No. GWB-15 Results (EDR-3).
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Bogie Test Summary

Test Information Gabion Wall Post Testing Test Results Summary
Test Number: GWE4-1 Mazx. Deflection: 41 in.
Test Date: 23-Feb-2009 Peak Force: 111 &
Failure Type: Post Fracture Initial Linear Stiffness: 71 kin
Total Energy: 210 k-n
Post Properties
Post Type: SYP Wood
Post Size: G-in. x B-n. 152-mm x 203-mm
Post Length: 84in. 2134 cm
Embedment Depth: 2in. 1321 cm
Orientation: Strong Asis " Bogie Acceleration vs. Time
Soil Properties 7
Gradation: AASHTO Grade B (strong soil)
Moisture Content: 52% 6 r
Compaction Method:  Pneumatic Tamper .‘% !\
Back Slope 3:1 (Post at Breakpoint) =5 ’ \
2
=q
Bogie Properties E I \
Impact Velocity: 20.5 mph (301 fps) 2m's 3 “y
Impact Height: 24875in. 2cm 5 . I \
Bogie Mass: 1816 1b 237 kg j /\/
1 I'1l \\ -
Data Acquired A% [—
Acceleration Data: EDR-3 ]
Camera Data: AQS-6 Perpendicular - 33ft 0 0.01 0.02 0.0 0.04 0.05 0.06
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Figure 114. Graph. Test No. GWR4-1 Results (EDR-3).
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Bogie Test Summary

Test Information Gabion Wall Post Testing Test Results Summary
Test Number: GWE4-1 Mazx. Deflection: 38 in
Test Date: 23-Feb-2009 Peak Force: 113 k
Failure Type: Post Fracture Initial Linear Stiffness: 73 kin
Total Energy: 18.0 k-in.
Post Properties
Post Type: SYP Wood
Post Size: G-in. x B-n. 152-mm x 203-mm
Post Length: 84in. 2134 cm
Embedment Depth: 2in. 1321 cm
Orientation: Strong Asis ” Bogie Acceleration vs. Time
Soil Properties A
Gradation: AASHTO Grade B (strong soil) 6
Moisture Content: 52% - I\
Compaction Method:  Pneumatic Tamper ‘—§5
Terrain: 3:1 (Post at Breakpoint) =,
2
-
Bogie Properties E 3 , \
Tmpact Velocity: 2054mph (30.1fps)  0.18m's [ \\
Impact Height: 24875in. 632 cm 5 2
Bogie Mass: 13161b 8237k ] \
n
Data Acquired \/ \’\"\n—-—-"'---..-—---\___
Acceleration Data: EDEA4 ]
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Figure 115. Graph. Test No. GWR4-1 Results (EDR-4).
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Bogie Test Summary
Test Information Gabion Wall Post Testing Test Results Summary
Test Number: GWE3-1 Mazx. Deflection: 354 in
Test Date: 17-Apr-2008 Peak Force: 151 k
Failure Type: Lateral-Torsional Buckling of Post Initial Linear Stiffness: 35 Kin
Total Energy: 2374 k-n
Post Properties
Post Type: Steel
Post Size: Wizl Wi152x134
Post Length: in. 2134 cm
Embedment Depth: 32in. 1321 cm
Orientation: Strong Axis 9 Bogie Acceleration vs. Time
Soil Properties &
Gradation: AASHTO Grade B (strong soil)
Moisture Content: NA 2 7 w\
Compaction Method:  Post driven into soil - Pneumatic Tamper ‘—E 6
Terrain: 3:1 (Post at Breakpoint) = V‘\
2 N\
Bogie Properties E 4
Impact Velocity: 19.98 mph (293 fps) 883im's \-\
Impact Height: 2487510, 632 cm 5 3 \\
Bogie Mass: 13401b 8346kz 2 v\\_‘\.\
Data Acquired 3 =R
Acceleration Data: EDE-3 ]
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Figure 116. Graph. Test No. GWR5-1 Results (EDR-3).
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Bogie Test Summary

Test Information Gabion Wall Post Testing Test Results Summary
Test Number: GWER3-2 Mazx. Deflection: 332
Test Date: T-May-2009 Peak Force: 156 k
Failure Type: Lateral-Torsional Buckling of Post Initial Linear Stiffness: 35 kin
Total Energy: 2512 k-in
Post Properties
Post Type: Steel
Post Size: Wzl Wi152x134
Post Length: 84in. 2134 cm
Embedment Depth: 2in. 1321 cm
Orientation: Strong axis i Bogie Acceleration vs. Time
Soil Properties o
Gradation: AASHTO Grade B (strong soil)
Moisture Content: 4.0% -
Compaction Method:  Prnuematic Tamper ﬁ? l v \,\
Terrain: 3:1 (Post at Breakpoint)
E 5 \'\
Bogie Properties E \_’\
Impact Velocity: 20.76 mph (304 fps) 928m's & \
Impact Height: 24875in. 632 cm 5 —~_
Bogie Mass: 1816 1b 823 7kg 2 \'\_'\
Data Acquired 1 \f\
Acceleration Data: EDR-3 ]
Camera Data: AQS-3 Perpendicular - 32ft-Gin. 0 0.05 01 0.15 0.2
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Figure 117. Graph. Test No. GWR5-2 Results (EDR-3).
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Bogie Test Summary
Test Information Wix® on 3:1 slope breakpoint Test Results Summary
Test Number: GWER3-2 Mazx. Deflection: 358 in
Test Date: T-May-2009 Peak Force: 137 k
Failure Type: Lateral-Torsional Buckling of Post Initial Linear Stiffness: 31 kin
Total Energy: 2280 k-in
Post Properties
Post Type: Steel
Post Size: Wzl Wi152x134
Post Length: 84in. 2134 cm
Embedment Depth: 2in. 1321 cm
Orientation: Strong axis " Bogie Acceleration vs. Time
Soil Properties . 1
Gradation: AASHTO Grade B (strong soil)
Moisture Content: 4.0% 6
Compaction Method:  Prnuematic Tamper .‘% ’\'\
Terrain: 3:1 (Post at Breakpoint) =5 A
g, N\
Bogie Properties E \--\
Impact Velocity: 20.76 mph (304 fps) 928m's 3
Impact Height: 24875 632 cm 5 ! ™\
Bogie Mass: 1816 1b 823 7kg
. ‘\_n\h“_-
Data Acquired \f\
Acceleration Data: EDEA4 ]
I AOS-3 Perpendicular - 32ft-Gin. 0 002 004 006 _00 01 012 014 016
Time{s)
Force vs. Deflection At Impact Location Bogie Velocity vs. Time
16 35
14 30 P
12 n \\
I _25 ~
=10 < "“--..._.__
=
g s £ — |
£ B 215
| ) g
q h‘\_n\ 10
—~
g —~ |
a a
0 10 20 30 40 o 00z 004 006 _008 01 012 014 016
Deflection (in.) Time (s)
Energy vs. Deflection At Impact Location Deflection at Impact Location vs. Time
250 40
L — a5 L
200 — —
T
_— 30 -
£ 150 / £25 //
= = /
= 230
B i -
g 100 / .515 //
w
10 /|
50 L~
/ s L
a a
0 10 20 30 40 i} 002 004 006 _008 01 012 014 016
Deflection (in.) Time (s)

Figure 118. Graph. Test No. GWR5-2 Results (EDR-4).
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Bogie Test Summary
Test Information Gabion Wall Post Testing Test Results Summary
Test Number: GWER3-3 Mazx. Deflection: 348 in
Test Date: 12-May-2009 Peak Force: 147 k
Failure Type: Lateral-Torsional Buckling of Post Initial Linear Stiffness: 35 kin
Total Energy: 2215 k-in
Post Properties
Post Type: Steel - Galvanized
Post Size: WioxB.5 W152x12.6
Post Length: T8 in. 198.1 em
Embedment Depth: 46in. 116.8 cm
Orientation: Strong Asis , Bogie Acceleration vs. Time
Soil Properties &
Gradation: AASHTO Grade B (strong soil)
Moisture Content: 4.0% - 7 \
Compaction Method:  Pneumatic Tamper ekl aX
Terrain: 3:1 (Post at Breakpoint) ‘? { v \.r\
25 \J\
-
Bogie Properties E 3
Impact Velocity: 19.8% mph (292 fps) 8.8%m's \/\
Impact Height: 24875in. 632 cm 5 & V\
Bogie Mass: 18121b 8219kz 2 -._.’\\_\
. 1
Data Acquired AN
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Figure 119. Graph. Test No. GWR5-3 Results (EDR-3).
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Bogie Test Summary

Test Information Gabion Wall Post Testing Test Results Summary
Test Number: GWER3-3 Mazx. Deflection: 357 m
Test Date: 12-May-2009 Peak Force: 138 k
Failure Type: Lateral-Torsional Buckling of Post Initial Linear Stiffness: 31 kin
Total Energy: 2202 k-in
Post Properties
Post Type: Steel - Galvanized
Post Size: WioxB.5 W152x12.6
Post Length: T8 in. 198.1 em
Embedment Depth: 46in. 116.8 cm
Orientation: Strong Asis , Bogie Acceleration vs. Time
Soil Properties &
Gradation: AASHTO Grade B (strong soil)
Moisture Content: 4.0% - 7
gomp action Method: Priuemal:ic T};gamf-:r .‘% 6 F
errain: 3:1 (Post at Breakpoint
(P cpoint) E 5 L'""""\
-
Bogie Properties E 3
Impact Velocity: 19.8% mph (292 fps) 8.8%m's B
Impact Height: 24875in. 632 cm 5
Bogie Mass: 18121b 8219kg 2 \'—‘-"\\*
Data Acquired ! ‘\
Acceleration Data: EDEA4 ]
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Figure 120. Graph. Test No. GWR5-3 Results (EDR-4).

167



FEBRUARY 2012

FHWA REPORT NO. FHWA-CFL/TD-12-008
APPENDIX C. DYNAMIC TEST RESULTS

MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information Gabion Wall Post Testing Test Results Summary
Test Number: GWER3-4 Mazx. Deflection: 3435 in
Test Date: 19-Mavy-2009 Peak Force: 140 k
Failure Type: Lateral-Torsional Buckling of Post Initial Linear Stiffness: 438 kin
Total Energy: 2371 k-n
Post Properties
Post Type: Steel - Galvanized
Post Size: WioxB.5 W152x12.6
Post Length: 12in. 1829 cm
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Axis 2 Bogie Acceleration vs. Time
Soil Properties 5
Gradation: AASHTO Grade B (strong soil)
Moisture Content: 38% L
Compaction Method:  Prnuematic Tamper ‘—E -\/\
I = 5 %
Slope 3:1 (Post at Breakpoint) = X
2 1 \‘\
Bogie Properties E k\
Impact Velocity: 20.62 mph (302 fps) 222m's 3
Impact Height: 24.875in, 63.2 cm 5 \"\_,\
Bogie Mass: 18121b 8219kgs 2 \\
p
Data Acquired \,\
Acceleration Data: EDE-3 ]
Camera Data: AOS-T Perpendicular - 32ft-11.5in. 0 0.05 T‘"E'ellsj .15 0.2
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Figure 121. Graph. Test No. GWR5-4 Results (EDR-3).
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Bogie Test Summary
Test Information Gabion Wall Post Testing Test Results Summary
Test Number: GWER3-4 Mazx. Deflection: 364 in.
Test Date: 19-Mavy-2009 Peak Force: 122 &k
Failure Type: Lateral-Torsional Buckling of Post Initial Linear Stiffness: 46 Kin
Total Energy: 2196 k-in
Post Properties
Post Type: Steel - Galvanized
Post Size: WioxB.5 W152x12.6
Post Length: 12in. 1829 cm
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Axis 2 Bogie Acceleration vs. Time
Soil Properties 5
Gradation: AASHTO Grade B (strong soil)
Moisture Content: 38% L
Compaction Method:  Prnuematic Tamper .‘%
Slope 3:1 (Post at Breakpoint) =5 T f"-\_,\
2
=4
Bogie Properties E \
Impact Velocity: 20.62 mph (302 fps) 222m's 3
Impact Height 24875in. 632em 5 \\
Bogie Mass: 18121b 8219kgs 2
1
Data Acquired \-\
Acceleration Data: EDEA4 ]
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Figure 122. Graph. Test No. GWR5-4 Results (EDR-4).
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Test Information Gabion Wall Post Testing Test Results Summary
Test Number: GWBE3-1 Mazx. Deflection: 2835 in.
Test Date: 25-Aug-200% Peak Force: 162 k
Failure Type: Post yielding and rotation Initial Linear Stiffness: 39 kin
Total Energy: 2110 k-in
Post Properties
Post Type: Steel
Post Size: Wzl Wi152x134
Post Length: 84in. 2134 cm
Embedment Depth: 2in. 1321 cm
Orientation: Strong Asis o Bogie Acceleration vs. Time
Soil Properties g A
Gradation: AASHTO Grade B (strong soil) on Gabion Wall g || N
Moisture Content: NA - J u\\/\
Compaction Method:  Driven Post - Roller Compacted »i ™\
. : . g1 N
Terrain: 3:1 (Post at Breakpoint) =6 l \
2
[ "o
Bogie Properties E |‘ N
Impact Velocity: 21.09 mph (30.9 fps) e43im's - l x
Impact Height: 24875in. 632 cm 5 3 -
Bogie Mass: 173151 043 kg 2 J ““‘-"_'_/—\h"\
_ | \
Data Acquired S
Acceleration Data: EDR-3 ]
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Figure 123. Graph. Test No. GWBR5-1 Results (EDR-3).
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Bogie Test Summary
Test Information Gabion Wall Post Testing Test Results Summary
Test Number: GWBE3-2 Mazx. Deflection: 350 in
Test Date: 11-Sep-2009 Peak Force: 151 k
Failure Type: Post rotation and vielding Initial Linear Stiffness: 48 Kin
Total Energy: 2408 k-in
Post Properties
Post Type: Steel
Post Size: Wzl Wi152x134
Post Length: T8 in. 198.1 em
Embedment Depth: 46in. 116.8 cm
Orientation: Strong Asis i Bogie Acceleration vs. Time
Soil Properties o
Gradation: AASHTO Grade B (strong soil) on Gabion Wall "
Moisture Content: NA - \_
Compaction Method:  Driven Post - Roller Compacted .‘% ’ '\
Terrain: 3:1 (Post at Breakpoint) =6 oy
; -
=5 S
Bogie Properties E N
Impact Velocity: 19.3% mph (28.4 fps) 8.67m's & \\“
Impact Height: 24875in. 632 cm 5 3 ~—]
Bogie Mass: 17353 1b 1963 ke 2 """""‘--..____\_
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Figure 124. Graph. Test No. GWBR5-2 Results (EDR-3).
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Bogie Test Summary
Test Information Gabion Wall Post Testing Test Results Summary
Test Number: GWBE3-3 Mazx. Deflection: 437 in.
Test Date: 11-Sep-2009 Peak Force: 133 k
Failure Type: Post rotation and vielding Initial Linear Stiffness: 38 kin
Total Energy: 3054 k-n
Post Properties
Post Type: Steel
Post Size: WioxB.5 W152x12.6
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Asis " Bogie Acceleration vs. Time
Soil Properties 7 L
Gradation: AASHTO Grade B (strong soil) on Gabion Wall \A
Moisture Content: NA 6
Compaction Method:  Driven Post - Roller Compacted .‘% V\‘
Terrain: 3:1 (Post at Breakpoint) =5 \(\A
£
Bogie Properties E AN
Impact Velocity: 22.12 mph (324 fps) 2.8%m's 3 R
Impact Height: 24875in. 632 cm 5
Bogie Mass: 173551b 1963 kg 2
il
Data Acquired \
Acceleration Data: EDR-3 ]
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Figure 125. Graph. Test No. GWBR5-3 Results (EDR-3).
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Bogie Test Summary
Test Information Gabion Wall Post Testing Test Results Summary
Test Number: GWBE3-4 Mazx. Deflection: 342 in
Test Date: 11-Sep-2009 Peak Force: 151 k
Failure Type: Post rotation and vielding Initial Linear Stiffness: 46 Kin
Total Energy: 2357 k-in
Post Properties
Post Type: Steel
Post Size: Wzl Wi152x134
Post Length: 84in. 2134 cm
Embedment Depth: 2in. 1321 cm
Orientation: Strong Asis o Bogie Acceleration vs. Time
Soil Properties o
Gradation: AASHTO Grade B (strong soil) on Gabion Wall g A
Moisture Content: NA - P\
Compaction Method:  Driven Post - Roller Compacted »i
. : . O A%
Terrain: 3:1 (Post at Breakpoint) =6
E 3 f \-"\
Bogie Properties E || \ o
Impact Velocity: 2232 mph (32.7 fps) 9%8m's - I' \/*\
Impact Height: 24875in. 632 cm 5 3 \f\\,
Bogie Mass: 173551b 1963 kg 2 , /\n
) | Ny
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Figure 126. Graph. Test No. GWBR5-4 Results (EDR-3).
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Bogie Test Summary
Test Information Gabion Wall Post Testing Test Results Summary
Test Number: GWBE3-3 Mazx. Deflection: 385 in
Test Date: 11-8ep-2009 Peak Force: 144 k
Failure Type: Post rotation and vielding Initial Linear Stiffness: 32 kin
Total Energy: 24435 kein
Post Properties
Post Type: Steel
Post Size: Wzl Wi152x134
Post Length: T8 in. 198.1 em
Embedment Depth: 46in. 116.8 cm
Orientation: Strong Asis . Bogie Acceleration vs. Time
Soil Properties 8 A
Gradation: AASHTO Grade B (strong soil) on Gabion Wall ’ "\
Moisture Content: NA - 7 AV
Compaction Method:  Driven Post - Roller Compacted ‘—§ 6 N
Terrain: 3:1 (Post on Breakpoint) = \
25
-
Bogie Properties E 3 \
Impact Velocity: 23.89 mph (33 fps) 1068 m's \'\___
Impact Height: 248751n. 632 cm 5 3 “"‘\,..\
Bogie Mass: 173551b 1963 kg 2 A
) ’ —_—
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Acceleration Data: EDR-3 ]
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Figure 127. Graph. Test No. GWBR5-5 Results (EDR-3).
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MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information Gabion Wall Post Testing Test Results Summary
Test Number: GWBE3-6 Mazx. Deflection: 382 in
Test Date: 11-Sep-2009 Peak Force: 140 k
Failure Type: Post rotation and vielding Initial Linear Stiffness: 43 Kin
Total Energy: 2517 k-in
Post Properties
Post Type: Steel
Post Size: WioxB.5 W152x12.6
Post Length: T2in. 1829 em
Embedment Depth: 40in. 101.6 cm
Orientation: Strong Asis ” Bogie Acceleration vs. Time
Soil Properties 8
Gradation: AASHTO Grade B (strong soil) on Gabion Wall n
Moisture Content: NA .-..? J -\.f
Compaction Method:  Driven Post - Roller Compacted ._E?G ™
Terrain: 3:1 (Post on Breakpoint) = l \/\
25 \
-
Bogie Properties 54 ' /\-\
Impact Velocity: 22.86 mph (33.5fps) 1022m's ' M
Impact Height: 24875in. 632 cm 5 3 l' “‘-._.,\
Bogie Mass: 173551b 1963 kg 2
! .
Data Acquired \
Acceleration Data: EDR-3 ]
Camera Data: AQS-5 - Perpendicular - 3%ft-Gin. 0 0.02 0.04 0.0 08 01 012 0.14
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Figure 128. Graph. Test No. GWBR5-6 Results (EDR-3).
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