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1 INTRODUCTION
1.1 Background

Thousands of miles of cable guardrail have been installed on highways across the United
States. Often, these installations incorporate socketed post foundations as opposed to simply
driving barrier posts into the surrounding soil. Socketed foundation designs allow the posts to
slide in and out of a ground socket for easy replacement in the event of system damage during a
crash. Thus, the time and cost of system repairs can be minimized. However, multiple State
DOTs have reported that real-world crashes into cable barrier installations have resulted in
damage to their socketed foundation designs. Unfortunately, foundation damage requires repair
crews to either replace the socketed foundation itself or drive a post into the soil adjacent to the
damaged component. Either situation defeats the purpose of using sockets, greatly increases the
time necessary to restore a damaged barrier, and results in higher maintenance costs and
increased risk to repair crews working adjacent to high-speed facilities.

The majority of existing socketed post foundation designs are constructed by coring a
hole in the soil, placing a steel sleeve in the hole, and backfilling the hole with Portland cement
concrete. Many of these designs do not have sufficient reinforcement to resist impact loads that
are transmitted through the post and into the socket. Further, many of the foundations are too
shallow to resist translation and rotation displacements when a post is impacted. Thus, a need
exists to develop socketed foundation designs that perform as intended in the field.

Phase | of this project aimed to develop a socketed foundation design that would be
compatible with a wide variety of cable barrier systems [1]. Years ago, the S4x7.7 (S102x11.5)
was the strongest post used in cable barrier systems, and the prior socketed foundations were
designed and evaluated in combination with this strong post. Four dynamic impact tests were

conducted on various foundation designs, all of which resulted in concrete cracking and fracture.
1
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Phase 1l has focused on designing socketed foundations for S3x5.7 (S76x8.5) steel posts
utilized within most non-proprietary, cable median barrier systems [2]. Similar to Phase I,
dynamic impact testing was utilized to evaluate the strength of various foundation
configurations. Additionally, the foundations were evaluated in both weak, sandy soils and
strong, stiff soils. Design recommendations were developed based on soil strength, allowable
foundation damage levels, and risk of frost heave. This study remains in progress at this time.

For several years, the Midwest Roadside Safety Facility (MwRSF) has been developing a
non-proprietary, high-tension, cable barrier system according to the Manual for Assessing Safety
Hardware (MASH) [3]. As part of the study, the Midwest Weak Post (MWP) Version No. 1 V1,
as shown in Figure 1, was developed [4]. The MWP V1 was fabricated from 7-gauge (4.6-mm
thick) sheet steel and designed to be significantly weaker under strong axis bending than the
previous S3x5.7 (S76x8.5) post. The future Phase Il socketed-foundation design guidelines could
be used in conjunction with the MWP. However, the resulting foundation would be
conservatively designed in terms of cross-section size, embedment depth, and reinforcement.

Thus, a need exists to develop an optimized socketed foundation for the MWP V1.

!

1

[} [ | ¥
i )
o

Figure 1. MWP Version No. 1 Cross-Section
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1.2 Objective

The objective of this research project was to develop an optimized socketed foundation
for use with the new MWP V1. The foundation was to sustain minimal damage and displacement
during impacts, thus keeping repair costs to a minimum. Foundation designs were to remain
focused on placing a steel socket within a cylindrical, reinforced concrete shaft.
1.3 Research Approach

Design configurations for the MWP socketed foundation would be derived from the
previously recommended designs for S3x5.7 (S76x8.5) posts. The MWP V1 has only about half
the strong axis bending strength of an S3x5.7 (S76x8.5). Thus, design variations were developed
with reduced embedment depths and reduced internal steel reinforcement. The new
configurations were evaluated with the same type of dynamic bogie tests conducted during the
previous phases of the project. Tests were also conducted in both strong and weak soils to gain
an understanding of the embedment requirements for various soil types. Finally, conclusions and

recommendations were formulated and documented herein.
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2 DESIGN DETAILS

Five different socketed foundations were designed and fabricated for evaluation through
dynamic component testing. The same cross-section size and reinforcement pattern was utilized
for all five configurations, but the embedment depth and the spacing between steel hoop stirrups
varied, as shown in Figures 2 through 11. Fabrication and installation photographs are shown in
Figure 12. Material specifications, mill certifications, and certificates of conformity for the
reinforced concrete socketed foundations are shown in Appendix A.

Each socketed foundation consisted of a 12-in. (305-mm) diameter concrete cylinder. The
foundation lengths, or embedment depths, varied between 24 in., 30 in., and 36 in. (610 mm, 762
mm, and 914 mm). The concrete was specified to have a minimum 28-day compressive strength
of 3,500 psi (24 MPa).

The socketed foundations were reinforced with both circumferential and vertical Grade
60 steel rebar. The circumferential rebar was No. 4 (12.7 mm) bars bent into a loop with an inner
diameter of 8 in. (203 mm). The spacing of the circumferential steel varied between 2% in. (64
mm) and 6% in. (165 mm), as shown in Figures 3 through 5. Finally, four No. 4 (12.7 mm)
vertical bars were spaced equally around the inside of the circumferential steel.

A 16-in. (406-mm) long, 4-in. X 3-in. X ¥-in. (102-mm x 76-mm x 6-mm) steel tube was
located at the top-center of each foundation. A 4-in. x 3-in. X ¥%-in. (102-mm x 76-mm X 6-mm)
steel plate was tack-welded to the bottom of the steel tube to enclose the socket void during
concrete casting. The socket sleeve assembly was then cast into the top of the concrete
foundation with the open end of the tube flush with the top surface of the post base.

As stated previously, these socketed foundations were designed specifically for use with
the new MWP V1. For testing purposes, a 49-in. (1,245-mm) long MWP was placed into each

socketed foundation. All posts were fabricated using hot-rolled ASTM A1011 HSLA Gr. 50
4
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steel, a typical sheet steel material. Details concerning the development of the MWP V1 can be

found in reference [4], while detailed dimensions for the MWP V1 are shown in Figure 7.
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36" [914] Concrete Footing, 2 1/2" [64] Circular Rebar Spacing Around Socket

ltem No.| QTY. Description Material Specifications Hardware Guide
al 1 Concrete Shaft 36" [914] Long Min 3500 psi [24 MPa] Comp. Strength -
a2 4 #4 Rebar 33" [838] Long Gr. 60 -
a3 1M #4 Circular Rebar 8" [203] ID Gr. 60 -
a4 1 4x3x1/4" [102x76x6] Steel Plate ASTM A36 -
a5 1 |HSS 4x3x1/4" [HSS 102x76x6], 16" [406] Long (Min_42 kst [290 MPa] Yield Strength) =
ab 1 3"x1-5/8"x7 Gauge [76x41x5], 49" [1245] Long Bent Z—Section Post Hot—Rolled ASTM A1011 HSLA Gr. 50 -
36" [914] Concrete Footing, 6 1/2" [165] Circular Rebar Spacing Around Socket
ltem No.| QTY. Description Material Specifications Hardware Guide
al 1 Concrete Shaft 36" [914] Long Min 3500 psi [24 MPa] Comp. Strength -
a2 4 #4 Rebar 33" [838] Long Gr. 60 -
a3 6 #4 Circular Rebar 8" [203] ID Gr. 60 -
a4 1 4x3x1/4" [102x76x6] Steel Plate ASTM A36 -
a5 1 |HSS 4x3x1/4” [HSS 102x76x6], 16" [406] Long (Min 42 kst [290 MPa] Yield Strength) -
ab 1 3"x1-5/8"x7 Gauge [76x41x5], 49" [1245] Long Bent Z—Section Post Hot—Rolled ASTM A1011 HSLA Gr. 50 -

Midwest Roadside Footing Designs

High Tension Cable

Footing — Round 4

Bill of Materials — 36" [914]

Safety Facility [ =

HT Cable Footings R4_v4

LE: 1:16
UNITS: In[mm] |SKR/KAL

Figure 9. Bill of Materials, Test Nos. HTCB-12 and HTCB-16
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30" [762] Concrete Footing, 2 1/2"” [64] Circular Rebar Spacing Around Socket

Item No.| QTY. Description Material Specifications Hardware Guide
b1 1 Concrete Shaft 30" [762] Long Min 3500 psi [24 MPa] Comp. Strength -
b2 4 #4 Rebar 27" [686] Long Gr. 60 -
a3 9 #4 Circular Rebar 8” [203] ID Gr. 60 -
a4 1 4x3x1/4" [102x76x6] Steel Plate ASTM A36 -
o5 1 |HSS 4x3x1/4” [HSS 102x76x6], 16" [406] Long (Min_42 kst [290 MPa] Vield Strength) =
ab 1 3"x1-5/8"x7 Gauge [76x41x5], 49" [1245] Long Bent Z—Section Post Hot—Rolled ASTM A1011 HSLA Gr. 50 -
30" [762] Concrete Footing, 6 1/2" [165] Circular Rebar Spacing Around Socket
ltem No.| QTY. Description Material Specifications Hardware Guide
b1 1 Concrete Shaft 30" [762] Long Min 3500 psi [24 MPa] Comp. Strength -
b2 4 #4 Rebar 27" [686] Long Gr. 60 -
a3 5 #4 Circulor Rebar 8" [203] ID Gr. 60 -
a4 1 4x3x1/4" [102x76x6] Steel Plate ASTM A36 -
a5 1 |HSS 4x3x1/4” [HSS 102x76x6], 16" [406] Long (Min 42 181 290 MPo] Yieid Strength) -
ab 1 3"x1-5/8"x7 Gauge [76x41x5], 49" [1245] Long Bent Z—Section Post Hot—Rolled ASTM A1011 HSLA Gr. 50 -

Midwest Roadside Footing Designs
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Bill of Materials — 30" [762]

4
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LE: 1:16
UNITS: In[mm] |SKR/KAL

Figure 10. Bill of Materials, Test Nos. HTCB-13 and HTCB-14
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24" [610] Concrete Footing, 6 1/2" [165] Circular Rebar Spacing Around Socket

Item No.[ QTY. Description Material Specifications Hardware Guide
cl 1 Concrete Shaft 24” [610] Long Min 3500 psi [24 MPa] Comp. Strength -
c2 4 #4 Rebar 22 1/2" [572] Long Gr. 60 -
a3 4 #4 Circular Rebar 8" [203] ID Gr. 60 -
a4 1 4x3x1/4" [102x76x6] Steel Plate ASTM A36 -
a5 1 |HSS 4x3x1/4” [HSS 102x76x6], 16" [406] Long (Min 42 ket [290 MPa] Yield Strength) -
ab 1 3"x1-5/8"x7 Gauge [76x41x5], 49" [1245] Long Bent Z—Section Post Hot—Rolled ASTM A1011 HSLA Gr. 50 -

qT

Midwest Roadside| Footing Designs

High Tension Cable

Footing — Round 4

Bill of Materials — 24" [610]
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HT Cable Footings R4_v4

: 1116
INTS: In[mm] |SKR/KAL

Figure 11. Bill of Materials, Test No. HTCB-15
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Figure 12. Fabrication and Installation Photographs
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MwRSF Report No. TRP-03-298-14

3 COMPONENT TEST CONDITIONS
3.1 Purpose

Dynamic bogie testing of the various socketed foundation designs was conducted in order
to evaluate the structural integrity of the foundations and to quantify the lateral deflections of the
foundations during impact events.

3.2 Scope

Five bogie tests were conducted on MWPs inserted into the reinforced concrete, socketed
foundations. Similar to the impact conditions of the previous phases of this project, the targeted
impact conditions were a speed of 20 mph (32 km/h), an angle of 90 degrees (creating strong
axis bending), and an impact height of 11 in. (279 mm). This impact height was chosen to
replicate the height to the bottom of a bumper on a small car, which would cause high shear and
bending loads to be imparted to the top of the socketed foundations.

For test nos. HTCB-12 through HTCB-15, the socketed foundations were placed in a
strong soil conforming to American Association of State Highway and Transportation Officials
(AASHTO) Grade B material. This soil is considered a strong soil that has been utilized during
the evaluation of roadside safety hardware. However, the displacement of a foundation in weaker
soils was also desired. Thus, the socketed foundation for test no. HTCB-16 was placed in a soil
pit consisting of AASHTO Grade A-3 sand material. The details pertaining to each individual
test are shown in Table 1.

As stated previously, the main evaluation criteria for these socketed foundations were
structural integrity and displacement through the soil. Previous component testing of S3x5.7
(S76x8.5) posts in similar sized socketed foundations revealed both concrete fracture and

excessive movement of the foundations [2]. Thus, testing with the MWP V1 began with the
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strongest and deepest foundation and then continued with an attempt to optimize the

reinforcement and embedment depth.

Table 1. Bogie Testing Matrix — Socketed Foundations for MWP

Impact Footing CII’Ctl)J &1 Target | Target
] ight Depth Re ar Speed Impact
Test No. Soil Type Heig P Spacing b "
in. in. in mph Angle
(m) ||y | G| deg
11 36 25 20
HTCB-12 Grade B - Strong (279) (914) (64) (32.2) %0
11 30 2.5 20
HTCB-13 Grade B - Strong (279) (762) (64) (32.2) %
11 30 6.5 20
HTCB-14 Grade B - Strong (279) (762) (165) (32.2) %0
11 24 6.5 20
HTCB-15 Grade B - Strong (279) (610) (165) (32.2) %
11 36 6.5 20
HTCB-16 | Grade A3 Sand - Weak (279) (914) (165) (32.2) %0

3.3 Test Facility

Physical testing of the socketed foundations for cable barrier posts was conducted at the
Midwest Roadside Safety Facility (MwRSF) outdoor proving grounds, 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 city’s campus.
3.4 Equipment and Instrumentation

Equipment and instrumentation utilized to collect and record data during the dynamic
bogie tests included a bogie, accelerometers, a retroreflective optic speed trap, high-speed digital
video, and still cameras.

3.4.1 Bogie

A rigid-frame bogie was used to impact the posts. A variable-height, detachable impact

head was used in the testing. The bogie impact head consisted of a 2%-in. X 2%-in. x %-in. (64-
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mm x 64-mm X 6-mm) square tube mounted onto the outside flange of a W6x25 (W152x37.2)
steel beam with reinforcing gussets. A %-in. (19-mm) neoprene pad was attached to the front of
the square tube to prevent local damage to the post from the impact. The impact head was bolted
to the bogie vehicle, creating a rigid frame with an impact height of 11 in. (279 mm) for test nos.
HTCB-12 through HTCB-16. The bogie with the impact head is shown in Figure 13. The weight
of the bogie with the addition of the mountable impact head and accelerometers was 1,888 Ib

(856 kg).

Figure 13. Rigid-Frame Bogie on Guidance Track

A pickup truck with a cable tow system was used to propel the bogie to a target impact
speed of 20 mph (32 km/h). When the bogie approached 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.
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3.4.2 Accelerometers

Two environmental shock and vibration sensor/recorder systems were used to measure
the accelerations in the longitudinal, lateral, and vertical directions. However, only the
longitudinal accelerations were reported. Both accelerometers were mounted near the center of
gravity of the bogie vehicle.

The first system, SLICE 6DX, was a modular data acquisition system manufactured by
DTS of Seal Beach, California. The acceleration sensors were mounted inside the body of the
custom built SLICE 6DX event data recorder and recorded data at 10,000 Hz to the onboard
microprocessor. The SLICE 6DX was configured with 7 GB of non-volatile flash memory, a
range of £500 g’s, a sample rate of 10,000 Hz, and a 1,650 Hz (CFC 1000) anti-aliasing filter.
The “SLICEWare” computer software programs and a customized Microsoft Excel worksheet
were used to analyze and plot the accelerometer data.

The second system, 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
analyze and plot the accelerometer data.

At the time of these tests, the EDR-3 was not calibrated by an ISO 17025 approved
laboratory due to the lack of an ISO 17025 calibration laboratory with the capabilities of
calibrating the unit. However, the EDR-3 was calibrated by IST, which provided traceable
documentation for the calibration. Further, MWRSF recognizes that the EDR-3 transducer does
not satisfy the minimum 10,000 Hz sample frequency recommended by MASH. Following

numerous test comparisons, the EDR-3 has been shown to provide equivalent results to the DTS

20



July 23, 2014
MwRSF Report No. TRP-03-298-14

unit, which does satisfy all MASH criteria and has 1ISO 17025 calibration traceability. Therefore,
MwRSF has continued to use the EDR-3 during physical impact testing.

3.4.3 Retroreflective Optic Speed Trap

The retroreflective optic speed trap was used to determine the speed of the bogie vehicle
before impact. Three retroreflective targets, spaced at approximately 18-in. (457-mm) intervals,
were applied to the side of the vehicle. When the emitted beam of light was reflected by the
targets and returned to the Emitter/Receiver, a signal was sent to the data acquisition computer,
recording at 10,000 Hz, and activated the external LED box. The speed was then calculated using
the spacing between the retroreflective targets and the time between the signals. LED lights and
high-speed digital video analysis are only used as a backup in the event that vehicle speeds
cannot be determined from the electronic data.

3.4.4 Digital Photography

One AOS X-PRI high-speed digital video camera and two JVC digital video camera were
used to document each test. The AOS high-speed camera had a frame rate of 500 frames per
second and the JVC digital video camera had a frame rate of 29.97 frames per second. The AOS
high-speed camera and one of the JVC digital cameras were placed laterally from the post, with a
view perpendicular to the bogie’s direction of travel. The second JVC digital camera was placed
above the post, with a view down toward the top surface of the foundation. A Nikon D50 digital
still camera was also used to document pre- and post-test conditions for all tests.
3.5 End of Test Determination

During standard bogie-post impact events, the desired test results have been based on
force-deflection characteristics. Subsequently, the end of test has typically been defined as the
first of three occurrences: (1) fracture of the test article; (2) excessive rotation of the test article;

or (3) the bogie vehicle overriding or losing contact with the test article. However, the focus of
21
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the bogie tests conducted herein was to evaluate the structural adequacy of the socketed
foundations and to measure the maximum deflections or rotations of the foundations. Since the
maximum resistive forces for the post assembly were restricted by the material and section
properties of the post, the data recorded by the accelerometers would only be important in
measuring the load at fracture. Therefore, the first two criteria for end of test were discarded, and
the true end of test was defined as the time when the bogie vehicle overrode or lost contact with
the post.
3.6 Data Processing

The electronic accelerometer data obtained in dynamic testing was filtered using the SAE
Class 60 Butterworth filter conforming to the SAE J211/1 specifications [5]. 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
displacement. 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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4 DYNAMIC TESTING RESULTS
4.1 Results

Through component testing, the performance of each socketed foundation was evaluated
in terms of both structural integrity and displacement of the foundation. A foundation system had
to resist the impact loads without fracture or cracking of the concrete in order to be deemed
adequate. Additionally, the displacements of the foundation had to be limited such that a new
post could be dropped into place without having to reset the foundation. Utilizing a 1-in. (25-
mm) displacement would result in a replacement post being installed 3.5 degrees from plumb,
and the top of the post would be about 2% in. (70 mm) from its original position. Although not
ideal for new installations, these displacements were believed to be acceptable for replacement
posts after a severe impact to the system. Thus, displacements of the foundation were desired to
be less than 1 in. (25 mm), measured at ground line. The combination of these criteria would
ensure that a socketed foundation could be reused in the same system without repairs or
resetting. These criteria match those utilized during the evaluation of the socketed foundations
for S3x5.7 (S76x8.5) posts in a previous phase of this project [2].

Accelerometer data was used to find the resistance force supplied by the cable barrier
post and foundation assembly. Since the accelerometers were mounted on the bogie vehicle, the
forces and displacements calculated from the acceleration data were related to the motion of the
bogie and the forces applied to it from the posts. These forces and displacements did not directly
reflect the force applied to the top of the foundations or the displacement of the foundation.
However, the recorded forces can be used to indicate approximate force magnitudes imparted to
the sockets. Due to the plastic deformation of the posts, foundation displacements had to be

measured from the high-speed video.
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4.1.1 Test No. HTCB-12
Test no. HTCB-12 was conducted on July 19, 2013 at approximately 1:00 pm. The
weather conditions as per the National Oceanic and Atmosphere Administration (station

14939/LNK) were reported and are shown in Table 2.

Table 2. Weather Conditions, Test No. HTCB-12

Temperature 93° F
Humidity 43%
Wind Speed 3 mph
Wind Direction Varied
Sky Conditions Sunny
Visibility 10 Statute Miles
Pavement Surface Dry
Previous 3-Day Precipitation 0.00 in.
Previous 7-Day Precipitation 0.00 in.

During test no. HTCB-12, the bogie impacted the post 11 in. (279 mm) above ground line
at a speed of 20.6 mph (33.2 km/h), causing strong-axis bending in the post. Upon impact, the
foundation experienced ' in. (3 mm) of dynamic deflection, and a plastic hinge formed in the
post. The steel post continued to bend over until the bogie overrode the top of the post 0.120
seconds after impact and at a deflection of 39.4 in. (1,001 mm). Field measurements concluded
that the top of the concrete foundation had no visible permanent displacement after the impact
event.

Force vs. deflection and energy vs. deflection curves were created from the accelerometer
data and are shown in Figure 14. Inertial effects resulted in a high peak force over the first few
inches of deflection. After a brief decrease, the force rebounded to a peak of 9.0 kips (40.0 kN) at

7.4 in. (188 mm) of deflection. Following this second peak, the force never exceeded 4 Kips
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(17.8 kN) and gradually decreased over the remainder of the impact event. At a maximum

deflection of 39.4 in. (1,001 mm), the post assembly had absorbed 67.1 k-in. (7.5 kJ) of energy.
Damage to the test article consisted of plastic deformations to the MWP at ground line.

The concrete foundation experienced no significant damage, only minor scrapes on the back side

of the socket. Time-sequential and post-impact photographs are shown in Figure 15.

Force and Energy vs. Deflection (HTCB-12)
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Figure 14. Force vs. Deflection and Energy vs. Deflection, Test No. HTCB-12
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Figure 15. Time-Sequential and Post-Impact Photographs, Test No. HTCB-12
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4.1.2 Test No. HTCB-13
Test no. HTCB-13 was conducted on July 26, 2013 at approximately 10:30 am. The
weather conditions as per the National Oceanic and Atmosphere Administration (station

14939/LNK) were reported and are shown in Table 3.

Table 3. Weather Conditions, Test No. HTCB-13

Temperature 76° F
Humidity 47%
Wind Speed 24 mph
Wind Direction 0° From True North
Sky Conditions Sunny
Visibility 10 Statute Miles
Pavement Surface Dry
Previous 3-Day Precipitation 0.00 in.
Previous 7-Day Precipitation 0.00 in.

During test no. HTCB-13, the bogie impacted the post 11 in. (279 mm) above ground line
at a speed of 21.1 mph (34.0 km/h), causing strong-axis bending in the post. Upon impact, the
foundation experienced ' in. (3 mm) of dynamic deflection, and a plastic hinge formed in the
post. The steel post continued to bend over until the bogie overrode the top of the post at 0.110
sec after impact and a deflection of 37.3 in. (947 mm). Field measurements concluded that the
top of the concrete foundation had no visible permanent displacement after the impact event.

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 high peak force over the first few
inches of deflection. After a brief decrease, the force rebounded to a peak of 9.1 kips (40.5 kN) at
7.1 in. (180 mm) of deflection. Following this second peak, the forces quickly decreased and
remained below 4.5 kips (20.0 kN) for the remainder of the impact event. At a deflection of 37.3

in. (947 mm), the post assembly had absorbed 64.7 k-in. (7.3 kJ) of energy.
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Damage to the test article was confined to plastic deformations in the post at ground line.
The concrete foundation experienced no significant damage, only minor scrapes on the back side

of the socket. Time-sequential and post-impact photographs are shown in Figure 17.

Force and Energy vs. Deflection (HTCB-13)
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Figure 16. Force vs. Deflection and Energy vs. Deflection, Test No. HTCB-13
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Figure 17. Time-Sequential and Post-Impact Photographs, Test No. HTCB-13
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4.1.3 Test No. HTCB-14
Test no. HTCB-14 was conducted on August 5, 2013 at approximately 4:00 pm. The
weather conditions as per the National Oceanic and Atmosphere Administration (station

14939/LNK) were reported and are shown in Table 4.

Table 4. Weather Conditions, Test No. HTCB-14

Temperature 85° F
Humidity 63%
Wind Speed 7 mph
Wind Direction 260° From True North
Sky Conditions Cloudy
Visibility 10 Statute Miles
Pavement Surface Dry
Previous 3-Day Precipitation 0.00 in.
Previous 7-Day Precipitation 0.00 in.

During test no. HTCB-14, the bogie impacted the post 11 in. (279 mm) above ground line
at a speed of 19.3 mph (31.1 km/h), causing strong-axis bending in the post. Upon impact, the
foundation experienced % in. (6 mm) of dynamic deflection, and a plastic hinge formed in the
post. The steel post continued to bend over until the bogie overrode the post 0.120 sec after
impact and at a deflection of 35.9 in. (912 mm). Field measurements concluded that the top of
the concrete foundation had no visible permanent displacement after the impact event.

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 high peak force over the first few
inches of deflection. After a brief decrease, the force rebounded to a peak of 9.5 kips (42.3 kN) at
6.5 in. (165 mm) of deflection. Following this second peak, the force decreased quickly and
remained below 4.1 kips (18.2 kN) for the remainder of the impact event. At a deflection of 35.9

in. (912 mm), the post assembly had absorbed 61.3 k-in. (6.9 kJ) of energy.
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Damage to the test article was confined to plastic deformations of the post near ground
line. The concrete foundation experienced only minor scrapes on the back side of the socket.

Time-sequential and post-impact photographs are shown in Figure 19.

Force and Energy vs. Deflection (HTCB-14)
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Figure 18. Force vs. Deflection and Energy vs. Deflection, Test No. HTCB-14
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IMPACT

B

0.030 sec

0.15 sec
Figure 19. Time-Sequential and Post-Impact Photographs, Test No. HTCB-14
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4.1.4 Test No. HTCB-15
Test no. HTCB-15 was conducted on August 9, 2013 at approximately 2:30 pm. The
weather conditions as per the National Oceanic and Atmosphere Administration (station

14939/LNK) were reported and are shown in Table 5.

Table 5. Weather Conditions, Test No. HTCB-15

Temperature 82° F
Humidity 46%
Wind Speed 11 mph
Wind Direction 40° From True North
Sky Conditions Sunny
Visibility 10 Statute Miles
Pavement Surface Dry
Previous 3-Day Precipitation 0.00 in.
Previous 7-Day Precipitation 0.00 in.

During test no. HTCB-15, the bogie impacted the post 11 in. (279 mm) above ground line
at a speed of 22.5 mph (36.2 km/h), causing strong-axis bending in the post. Upon impact, a
plastic hinge formed in the post. The steel post continued to bend over until the bogie overrode
the assembly at 0.090 sec after impact and a deflection of 33.6 in. (853 mm). Unfortunately,
technical difficulties with the high-speed camera prevented dynamic deflections of the
foundation from being quantified. Field measurements concluded that the top of the concrete
foundation had % in. (6 mm) of permanent displacement after the impact event.

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 high peak force over the first few
inches of deflection. After a brief decrease, the force rebounded to a peak of 6.4 kips (28.5 kN) at

7.2 in. (183 mm) of deflection. Following this second peak, the force remained below 3.5 kips
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(15.6 kN) for the remainder of the test. At a deflection of 33.6 in. (853 mm), the post assembly

had absorbed 55.1 k-in. (6.2 kJ) of energy.
Damage to the test article was confined to plastic deformations of the post at ground line.
The concrete foundation experienced no significant damage. Time-sequential and post-impact

photographs are shown in Figure 21. Due to technical difficulties with the high-speed camera,

time-sequential photographs were taken from the JVC digital camera.

Force and Energy vs. Deflection (HTCB-15)
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Figure 20. Force vs. Deflection and Energy vs. Deflection, Test No. HTCB-15
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Figure 21. Post-Impact Photographs, Test No. HTCB-15
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4.1.5 Test No. HTCB-16
Test no. HTCB-16 was conducted on August 9, 2013 at approximately 3:30 pm. The
weather conditions as per the National Oceanic and Atmosphere Administration (station

14939/LNK) were reported and are shown in Table 6.

Table 6. Weather Conditions, Test No. HTCB-16

Temperature 82° F
Humidity 43%
Wind Speed 13 mph
Wind Direction 30° From True North
Sky Conditions Clear
Visibility 10 Statute Miles
Pavement Surface Dry
Previous 3-Day Precipitation 0.00 in.
Previous 7-Day Precipitation 0.00 in.

During test no. HTCB-16, the bogie impacted the post 11 in. (279 mm) above ground line
at a speed of 22.2 mph (35.7 km/h), causing strong-axis bending in the post. Upon impact, the
concrete foundation experienced 1 in. (25 mm) of dynamic deflection as the post bent plastically.
The steel post continued to bend over until the bogie overrode the post 0.090 sec after impact at a
deflection of 34.2 in. (869 mm). Field measurements concluded that the top of the concrete
foundation had % in. (13 mm) of permanent displacement after the impact event.

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 high force over the first few inches
of deflection. After a brief decrease, the force rebounded to a peak of 6.4 kips (28.5 kN) at 6.8 in.
(273 mm) of deflection. Following this second peak, the force remained below 4 kips (17.8 kN)
for the remainder of the test. At a deflection of 34.2 in. (869 mm), the post assembly had

absorbed 69.9 k-in. (7.9 kJ) of energy.
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Damage to the test article was confined to plastic deformations of the MWP at ground
line. The concrete foundation experienced only minor scrapes. Time-sequential and post-impact

photographs are shown in Figure 23.

Force and Energy vs. Deflection (HTCB-16)
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Figure 22. Force vs. Deflection and Energy vs. Deflection, Test No. HTCB-16
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wRSF Bogie 3

Figure 23. Time-Sequential and Post-Impact Photographs, Test No. HTCB-16
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4.2 Discussion

The results from the dynamic component testing are summarized in Table 7. The
socketed foundations evaluated in combination with MWPs were not damaged during the
component tests. Additionally, the permanent set deflections of the socketed foundations were all
within the 1-in. (25-mm) limit. If the test article had been part of a full-scale system installation,
the damaged post could have been removed and replaced with a new MWP without any repairs
or resetting to the socketed foundation. Therefore, all of the dynamic component tests were
deemed successful.

Force vs. deflection and energy vs. deflection comparisons for every test are shown in
Figures 24 and 25, respectively. The force plots were similar for all five test articles. Each curve
consisted of an initial inertial spike within the first few inches of deflection, followed by a
second force spike at approximately 7 in. (178 mm) of deflection. After this second force spike,
all the curves fluctuated at lower magnitudes, typically below 4 kips (18 kN), until the bogie
overrode the top of the post. Subsequently, the energy absorbed during each test was also similar.
The peak forces recorded after the inertial spike during test nos. HTCB-15 and HTCB-16 were
significantly lower than the peak forces record from the other three tests. This was most likely
the result of the larger dynamic displacements of the foundations observed during these two
tests, which allowed for more post rotations with slightly less plastic bending of the MWPs.

Utilizing the weaker MWPs instead of S3x5.7 (S76x8.5) posts, as tested previously [2],
resulted in lower impact forces transferred to the socketed foundations, and thus, less foundation
damage. In fact, the peak forces were reduced by 30 percent, and the average forces at 10 in. and
20 in. (254 mm and 508 mm) of displacement were reduced by 60 percent when compared to the
S3x5.7 (S76x8.5) post. These reduced impact forces also resulted in a reduction in foundation

displacements and a reduction to the amount of internal reinforcement required to resist concrete
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cracking. Thus, the size, embedment depth, and strength requirements for socketed foundations
are significantly less when used in combination with MWP V1 as opposed to standard S3x5.7

(S76x8.5) posts.
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Table 7. Component Testing Results Summary, Test Nos. HTCB-12 through HTCB-16

Average Force i i
Embedment Hoop Impact kg Peak Total | Foundation | Foundation
Rebar : Ips Dynamic Permanent .
Test Depth - Velocity kN Force Energy . . Foundation
X Spacing (kN) . e Deflection | Deflection
No. in. in mph Kips Kip-in. in in Damage
(mm) : (km/h) (KN) (k) ' '
(mm) @5" | @10" | @15" | @20 (mm) (mm)
36 25 20.6 4.4 4.0 2.7 2.6 9.0 67.1 v 0
HTCB-12 (914) (64) 332) | (196) | 17.8) | (120) | (116) | @0.0) | (7.6) @3 ©) None
30 25 21.1 4.1 3.6 2.7 2.6 9.1 64.7 v 0
HTCB-13 (762) (64) 340) | (182) | (16.0) | 120) | (116) | (405) | (7.3) @3 ©) None
30 6.5 19.3 3.3 35 2.8 25 9.5 61.3 Y 0
HTCB-14 (762) (165) (BL1) | (14.7) | (156) | (125) | @11) | 423) | (6.9) (6) 0) None
24 6.5 225 4.2 3.4 2.4 2.3 8.1 55.1 Y
HTCB-15 (610) @65 | @62 | (187 | 151 | @0.7) | 202 | 360) | (6.2 NA ©) None
36 6.5 22.2 4.0 3.7 3.0 2.8 7.0 69.9 1 %
HTCB-16 (914) 165 | @357 | (178) | 165 | @33) | (125) | 311 | (7.9) (25) (13) None
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5 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The objective of this research project was to develop a socketed foundation for use with
the MWP V1 developed for MwRSF’s new high-tension, cable median barrier. The new
socketed foundation was required to remain free of concrete cracking and/or fracture and restrict
socket displacements to less than 1 in. (25 mm) during vehicle impacts. If these criteria were
satisfied, damaged posts could be removed and replaced without repairs or resetting of the
socketed foundation.

Five socketed foundations were developed utilizing reinforced concrete configured in a
cylindrical geometry. Each socketed foundation measured 12 in. (305 mm) in diameter and
utilized a 4-in. x 3-in. X %-in. (102-mm x 76-mm x 6-mm) steel tube as the post socket. Each
design was configured with different combinations of steel reinforcement and embedment depth.
The socketed foundations were evaluated through dynamic impact testing utilizing an impact
height of 11 in. (279 mm), which was selected to represent the bumper height of a small car.

All five dynamic component tests had similar results. The MWPs bent over, and each
foundation remained free of concrete cracking and fracture. As such, the reinforcement
configurations with transverse steel hoops spaced at 6%-in. (165-mm) intervals provided
adequate strength to resist impact loads and prevent damage to the foundation. Although the
reinforcement configurations with more hoop steel at tighter spacing would also prevent
foundation damage, these over-reinforced designs may add unnecessary material costs to barrier
installations.

The permanent set displacements of the five foundations were all less than the 1-in. (25-
mm) limit. However, foundation displacements did vary with changes to the embedment depth.

In strong soil, embedment depths of 30 in. (762 mm) or greater resulted in no permanent set

44



July 23, 2014
MwRSF Report No. TRP-03-298-14

displacements. An embedment depth of 24 in. (610 mm) resulted in a permanent set
displacement of ¥4 in. (6 mm). Testing of embedment depths shallower than 24 in. (610 mm) was
not conducted due to concerns for frost heave and the likelihood for softer soils being up near
ground line at actual installation sites. Testing of a 36-in. (914-mm) deep foundation in weak,
sandy soil resulted in a permanent set displacement of %2 in. (13 mm). It was believed that
shortening the embedment to 30 in. (762 mm) in weak soil would have resulted in displacements
larger than the 1-in. (25-mm) limit.

Detailed drawings for the final socketed foundation configuration for use with MWPs are
shown in Figures 26 through 28. Although the foundation cross section and reinforcement
pattern remain constant for all installations, the recommended foundation embedment depth
varies according to the following guidelines:

1. A minimum embedment depth of 24 in. (610 mm) for socketed foundations
installed in stiff soils, characterized as dry, well graded, heavily compacted soils.

2. A minimum embedment depth of 36 in. (914 mm) for socketed foundations
installed in weak soils, typically characterized as sandy, often saturated, or loosely
compacted soils.

3. A minimum embedment depth greater than the expected freeze line within the soil
in order to prevent frost heave.

Cable guardrail systems are regularly installed within medians and on roadsides with
cross slopes. Under these circumstances, the top of the socketed foundation would not lay flush
with the surrounding terrain, and may result in the downslope side of the foundation protruding
above ground line. To minimize the extent of this protrusion, it is recommended to install the
top-center of the foundation level with the surrounding slope, as shown in Figure 29.

Additionally, this configuration ensures that the post and cables remain at the correct height.
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Appendix A. Material Specifications
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Table A-1. Bill of Materials, Test Nos. HTCB-12 and HTCB-16

36" [914] Concrete Footing, 2 1/2" [64] Circular Rebar Spacing Around Socket

Iltleom QTY. Description Material Specifications Reference:
al 1 Concrete Shaft 36" [914] Long Min 3500 psi [24 MPa] Comp. Strength Mix Code: 24013000
" White Cap R#13-0413
a2 4 #4 Rebar 33" [838] Long Gr. 60 No CERTS available
. " White Cap R#13-0413
a3 11 #4 Circular Rebar 8" [203] ID Gr. 60 No CERTS available
a4 1 4x3x1/4" [102x76x6] Steel Plate ASTM A36 N/A
" " ASTM A500 Grade B Heat #B200931
a5 1 HSS 4x3x1/4" [HSS 102x76x6.4], 16" [406] Long (Min 42 ksi [290 MPa] Yield Strength) R#13-0175
3"x1-5/8"x7 Gauge [76x41x4.6], 49" [1245] Long s Heat #53449D
aé 1 Bent Z-Section Post Hot-Rolled ASTM A1011 HSLA Gr. 50 R#14-0010
36" [914] Concrete Footing, 6 1/2' [165] Circular Rebar Spacing Around Socket
Ilileom QTY. Description Material Specifications Reference:
al 1 Concrete Shaft 36" [914] Long Min 3500 psi [24 MPa] Comp. Strength Mix Code: 24013000
" White Cap R#13-0413
a2 4 #4 Rebar 33" [838] Long Gr. 60 No CERTS available
: " White Cap R#13-0413
a3 6 #4 Circular Rebar 8" [203] ID Gr. 60 No CERTS available
a4 1 4x3x1/4" [102x76x6] Steel Plate ASTM A36 N/A
" " ASTM A500 Grade B Heat #B200931
a5 1 HSS 4x3x1/4" [HSS 102x76x6.4], 16" [406] Long (Min 42 ksi [290 MPa] Yield Strength) R#13-0175
3"x1-5/8"x7 Gauge [76x41x4.6], 49" [1245] Long s Heat #53449D
a6 1 Bent Z-Section Post Hot-Rolled ASTM A1011 HSLA Gr. 50 R#14-0010
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Table A-2. Bill of Materials, Test Nos. HTCB-13 and HTCB-14

30" [762] Concrete Footing, 2 1/2'* [64] Circular Rebar Spacing Around Socket

I,tle:] QTY. Description Material Specifications Reference:
bl 1 Concrete Shaft 30" [762] Long Min 3500 psi [24 MPa] Comp. Strength Mix Code: 24013000
" White Cap R#13-0413
b2 4 #4 Rebar 27" [686] Long Gr. 60 No CERTS available
: " White Cap R#13-0413
a3 9 #4 Circular Rebar 8" [203] ID Gr. 60 No CERTS available
a4 1 4x3x1/4" [102x76x6] Steel Plate ASTM A36 N/A
" " ASTM A500 Grade B Heat #B200931
ad 1 HSS 4x3x1/4" [HSS 102x76x6.4], 16" [406] Long (Min 42 ksi [290 MPa] Yield Strength) R#13-0175
3"x1-5/8"x7 Gauge [76x41x5], 49" [1245] Long Bent i Heat #53449D
a6 1 ~_Section Post Hot-Rolled ASTM A1011 HSLA Gr. 50 R#14-0010
30" [762] Concrete Footing, 6 1/2" [165] Circular Rebar Spacing Around Socket
I,Eleom QTY. Description Material Specifications Reference:
bl 1 Concrete Shaft 30" [762] Long Min 3500 psi [24 MPa] Comp. Strength Mix Code: 24013000
" White Cap R#13-0413
b2 4 #4 Rebar 27" [686] Long Gr. 60 No CERTS available
: " White Cap R#13-0413
a3 5 #4 Circular Rebar 8" [203] ID Gr. 60 No CERTS available
ad 1 4x3x1/4" [102x76x6] Steel Plate ASTM A36 N/A
" " ASTM A500 Grade B Heat #B200931
ab 1 HSS 4x3x1/4" [HSS 102x76x6.4], 16" [406] Long (Min 42 ksi [290 MPa] Yield Strength) R#13-0175
3"x1-5/8"x7 Gauge [76x41x5], 49" [1245] Long Bent i Heat #53449D
a6 1 ~_Section Post Hot-Rolled ASTM A1011 HSLA Gr. 50 R#14-0010
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Table A-3. Bill of Materials, Test No. HTCB-15

24" [610] Concrete Footing, 6 1/2" [165] Circular Rebar Spacing Around Socket

I,tle:] QTY. Description Material Specifications Reference:
cl 1 Concrete Shaft 30" [762] Long Min 3500 psi [24 MPa] Comp. Strength Mix Code: 24013000
" White Cap R#13-0413
c2 4 #4 Rebar 21" [533] Long Gr. 60 No CERTS available
; " White Cap R#13-0413
a3 5 #4 Circular Rebar 8" [203] ID Gr. 60 No CERTS available
a4 1 4x3x1/4" [102x76x6] Steel Plate ASTM A36 N/A
" " ASTM A500 Grade B Heat #B200931
a5 ! HSS 4x3x1/4" [HSS 102x76x6.4], 16" [406] Long (Min 42 ksi [290 MPa] Yield Strength) R#13-0175
3"x1-5/8"x7 Gauge [76x41x5], 49" [1245] Long Bent i Heat #53449D
ab 1 7-Section Post Hot-Rolled ASTM A1011 HSLA Gr. 50 R#14-0010
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) LOAD CUMULATIVE ORDERED PRODUCT ! = uNIT
QUANTITY QUANTITY QUANTITY CODE PROBUCT DESCRIPTION PRICE AMOUNT:
) | e e e e e e - e e s .
3.29 1.258 1.25 24013000 “030 4.00 96.25 3120 32
| - -
MINIMUM HAUL | $57.50
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[ :{ |
S S, T, ' - . Lagy = . N _ g -
: r 7781
/— { I SUBTOTAL
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Figure A-1. Concrete Material Specification, Test Nos. HTCB-12 through HTCB-16
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U.S. Steel Corporation Metallurgical Test Report
Granile City Works
Granite City, IL 62040

ORDER: €Q37275-01 SALES NUM: 1402415 PART: 25237

LOAD: 255005173 INVOICE: 543-851081 SHIP DATE: 05/17/13
PO NBR: 01011330 VEH ID: UP 242055
=== SOLD TO: ---r=-v-cn-ececcacan- === BHIP TO1 ~~sesconasnmanesaces
NORFOLK IRON & METAL CO NORFOLK IRON & METAL CO
PO BOX 1129 3003 N VICTORY RD
NORFOLK, NE 68702-1129 WEST PIT

NORFOLK, NE 68701-0833

MATL ID: HSM 00549853 HEAT: 53449D TEST OR PIECE IDENTITY: HSM 00549853
* GAUGE: .1810 IN WIDTH: 60.00 IN LENGTH: COIL 1 PC WEIGHT: 58390 LBS

“GAUGE: 4.597 MM WIDTH: 1524 MM LENGTH: COIL 1 PC WEIGHT: 26486 KGS

1 SPEC: HOT ROLL CARBON ASTM A1011-12B8 GR 36 TYPE 2 APPROVED SS NON-PICKLE NON-TEMPER ROLLED
HR36SK58 EXPOSED DRY YS MIN 36 KSI TS 58 KSI/80 XKSI EL MIN 21 % EL DIST 2 INCHES

INSP: 01 MILL INSPECTION RA/SN ALSO RA/LT, FOR CONVERSION FROM HOT ROLL SHEET TO PLATE
SPECIFICATION ASTM A36 BY PURCHASER. USS HAS NOT PERFORMED TESTING TO THE REFERENCED
PLATE SPECIFICATION. SUCH TESTING IS THE RESPONSIBILITY OF THE PURCHASER.

------------------------------------- D BN . . o oo oo s msm s AR o
C=.22 MN=0.80 P=.011 S=,008 CU=,04 SI=.013 AL=.051 N=.0050 V=,000 CA=.000 MO=.00 CR=.04

NI=.01 SN=.00 CB=.002 TI=.002 B=.0000

Chemical analysis in weight %.

TEST RESULT - 53449D VALUE DIRECTION LOCATION
Yield strength 50500 PsSI Longitudinal Tail
“Tengile strength (UTS) 73000 PSI Longitudinal Tail
“’Elongation % 32% Longitudinal Tail
N Value .190
{ Yield strength 56500 PSI Longitudinal Tail
Tensile strength (UTS) 79000 PSI Longitudinal Tail
Elongation % 29% Longitudinal Tail
N value .161

----------------------------------- END OF TEST RESULT DATA =--=-=-=--ec--mmememcecoceacansan

THIS IS TO CERTIFY THAT THE PRODUCT DESCRIBED HEREIN WAS MANUFACTURED, TESTED AND/OR INSPECTED
IN ACCORDANCE WITH THE SPECIFICATION AND FULFILLS REQUIREMENTS IN SUCH RESPECT. PREPARED
BY THE OFFICE OF ROBERT J. SNYDER, PROC,TECH MGR. BY: DATE:

*0405 P F 0 0 0 63140000287 RJS 0 0 1 PAGE 1 OF 2

Z-Posts for HT Cable Footing R# 14-0010 H# 53449D

Figure A-2. Post Material Specification, Test Nos. HTCB-12 through HTCB-16
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26412 P26 TEST

INDEFENDENCE TURE CORPORATION
6226 W, 74TH STREET
CHICAGO, IL. &0638

Tel: 2084960380 Fax: 708~563-1950

Sold Tos « S017
STEEL. & PIFE SUFFLY

401 NEW CENTURY FARKWAY
KANSAS CITY WHSE.

NEW CENTURY, K& 66031

Tel: 913-768-4333 Fax: 913 768-6683

CERTIFICATE No: MAR 877775

F/0 No 45001796833

Rex.

B0 No MAR 212694001

E/L. No MAR 123862-004 Shp  230prl2
Iy No Inv

Ship Tos « 1

STEEL. & FIFE SUFFLY
401 NEW CENTURY PKWY
NEW CENTURY., KS 66031

CERTIFICATE of ANALYSIS anl TESTS Cert. Noz: MOR 877775

Fart No

b

19Amr12

TURING ADO0 GIRADE RC) Fuos Wt

4" X 3" X 174" X 40! 20 8,408

Hexat Numbseny Tauy No Fos Wbt

E200931 &621.072 20 8,408
YLD=APO20/ TEN=81790/EL5=23. 9

Heat Nunbey 333 Chamical Analysis 6%

B200P31. Cu0, 2000 Mres0, 48500 F=0. 0120 8=0. 0020 Si=0.,0300 Al=Q0.0330

Cre=0. 1200 Cr=x, 0400 Mo=0. 0100 V=0, 0010 Ni=0.0400

Wi FROUDL.Y MANUFACTURE AL OF OUR HSS IN THE LSA.
INDEFENDENCE TURE FRODUCT I8 MANUFACTURED, TESTED,
AND INSFECTED IN ACCORDANCE WITH ASTM STANDARDS.
FERFEHIEIIHHMIIIEIEIEIENIEIIIEICH I IENIEIHHHICTEHIEHH I I IR I I I N

CURRENT STANDARDS =

NuBBEdn R R E " nesnunsannnesnnssn s ATOO/ATOOM 10
MM mMEmBE N R EEE N R EE e .. wenwnwwsAGL3-07

cusaneaunwnunnnunaununnunnnenn oo foue P8 (20082

Fauper s I oanen last

Figure A-3. Socket Material Specification, Test Nos. HTCB-12 through HTCB-16



July 23, 2014
MwRSF Report No. TRP-03-298-14

I |
[
[ ]
]
I

Static Load Test Post-Test Photo of Post

Dynamic Set up
! \—ﬁiréch 'clyr 32"
3 N c;nrr\g‘;rlc 25"
WBx16—_ [ 103" 1 Y .

36" Diometer

32" ‘gﬂ"/ — Granular Fill
S 2 (=7 g

72" ’ 4 :J 43"
aorla |y Lasr - , , Static Test )
l 2 “J} Dynamic Test Installtion Details Installaﬁ«c)n le)‘etails a I
Soil Gradation for Baseline Fill Soil
100
90
5 80 "\
£ 70
: @ N
o 50
S 40 \
8 30
20 N—
10
0 t
100 10 1 0.1 0.01
Grain Size, D (mm)
25000 Comparison of Load vs. Deflection
Dynamic Test
20000 +—~ (Acc)
5 15000 e Dynamic Test
E (L.C)
5 —— e e e Dynamic Test
* 10000 B S — Required Min.
-------'------\\ e Static Test
5000 —\‘\ ~——
0 5 10 15 20 25 30
Deflection (in.)
Date.....c.coiiuiiuiiirr 5/17/2013
Test Facility & Site Location..................... Midwest Roadside Safety Facility
In situ soil description (ASTM D2487)......... Well Graded Gravel (GW)
Fill material description (ASTM D2487)...... Well Graded Gravel (GW) (see sieve analyses abowe)
Description of fill placement procedure..... H.E.-8
Bogie Weight..........cooviiiiiiiiiiiiineeeee 1,857 Ib
Impact Velocity.........cooeveiiiiiiiiiiiiiiniienennes 20.6 mph

Figure A-4. Strong Soil Specifications, Test Nos. HTCB-12 through HTCB-15
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Appendix B. Bogie Test Results
The results of the recorded data from each accelerometer on each 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 vs. deflection and energy vs.

deflection plots.
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Bogie Test Summary
Test Information Bogie vs post in socket Test Results Summary
Test Number: HTCB-12 Max. Deflection: 394 in.
Test Date: 19-Jul-2013 Peak Force: 9.0 k
Failure Type: Post Bending Initial Linear Stiffness: 3.0 Kin.
Total Energy: 67.1 k-in.
Post Properties
Post Type: Steel - Midwest Weak Post
Post Size: 7 ga. Bent Plate
Post Length: 491n. 1245cm
Embedment Depth: 16in. 40.6 cm
Orientation: Strong-axis 6 Bogie Acceleration vs. Time
Foundation Properties 5
Diameter: 12in. 30.5¢cm A '\
Embedment 36in. 914cm 4
Soil: 3/6/2013 5 I \ \
Compaction: HE -8 =3 I \ I ‘
S R
Bogie Properties g 2 I \ I ‘ A /\ N
Impact Velocity: 20.62 mph (30.2 fps) 9.22m/s w1 '
Impact Height: 11in. 279cm & V ” \ / \[ \ \/\ N /\
Bogie Mass: 1888 Ibs 856.4 kg 0 v \ / vV v V
-1
Data Acquired v
Acceleration Data: DTS-SLICE -2
Camera Data: AOS-8 Perpendicular - 117" 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Time (s)
10 Force vs. Deflection At Impact Location 35 Bogie Velocity vs. Time
8 ll\\ IA\ 30 ~—
6 25
c. ] g
= 4 I \ I /\ £ 20
3 z
E 2 V /\ I\\ § 15
: WARVATVAY V) 2
-2 \V/ 5
-4 0
0 10 20 30 40 50 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Deflection (in.) Time (s)
20 Energy vs. Deflection At Impact Location a5 Deflection at Impact Location vs. Time
70 40
60 / 35 ,/
- ,// =30 /
£ 50 £ )y
£ / £ 25
& 10 — g pd
@ 2 20 7
c 30 S P
& / 815
20 / 10 /
10 s /
0 0
0 10 20 30 40 50 0 0.05 0.1 0.15
Deflection (in.) Time (s)

Figure B-1. Test No. HTCB-12 Results (SLICE)
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MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information Bogie vs post in socket Test Results Summary
Test Number: HTCB-12 Max. Deflection: NA in.
Test Date: 19-Jul-2013 Peak Force: 99 k
Failure Type: Post Bending Initial Linear Stiffness: 35 Kin.
Total Energy: NA k-in.
Post Properties
Post Type: Steel - Midwest Weak Post
Post Size: 7 ga. Bent Plate
Post Length: 491n. 1245cm
Embedment Depth: 16in. 40.6 cm
Orientation: Strong-axis 6 Bogie Acceleration vs. Time
Foundation Properties 5 A
Diameter: 12in. 30.5¢cm /
Embedment 36in. 914cm _4
Soil: 3/6/2013 5 / I \
Compaction: HE -8 =3 I I \
o
. . 2 ~
Bogie Properties g l \ I \ / \ N
Impact Velocity: 20.62 mph (30.2 fps) 9.22m/s w1 N
Impact Height: 11in. 279cm < \ / \ l \ / \ / \
Bogie Mass: 1888 Ibs 856.4 kg 0 v V \ / ~
-1
Data Acquired v
Acceleration Data: EDR-3 -2
Camera Data: AOS-8 Perpendicular - 117" 0 001 0.02 003 0.04 005 006 0.07 0.08
Time (s)
10 Force vs. Deflection At Impact Location 35 Bogie Velocity vs. Time
8 I/\\ I/\\ .
6 25
e\ g
= 4 / \ l \ £20
8 \ '\ z
S 2 / N A 815
w
N/ERVERVAN.RAVA
\"4 V \ / \/ v
-2 \V/ 5
-4 0
0 5 10 15 20 25 30 0 0.02 0.04 0.06 0.08
Deflection (in.) Time (s)
€0 Energy vs. Deflection At Impact Location 30 Deflection at Impact Location vs. Time
50 / 25 /
=40 o =20 -~
: / : /
z 30 / b= 15 ~
] 2 /
S 20 /’- a10 /
10 5 ~
0 0
0 5 10 15 20 25 30 0 0.02 0.04 0.06 0.08
Deflection (in.) Time (s)

Figure B-2. Test No. HTCB-12 Results (EDR-3)
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MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information Bogie vs post in socket Test Results Summary
Test Number: HTCB-13 Max. Deflection: 373 in.
Test Date: 26-Jul-2013 Peak Force: 9.1 k
Failure Type: Post Bending Initial Linear Stiffness: 1.3 Kin.
Total Energy: 64.7 k-in.
Post Properties
Post Type: Steel - Midwest Weak Post
Post Size: 7 ga. Bent Plate
Post Length: 491n. 1245cm
Embedment Depth: 16in. 40.6 cm
Orientation: Strong-axis 6 Bogie Acceleration vs. Time
Foundation Properties 5
Diameter: 12in. 30.5¢cm A
Embedment 30in. 76.2cm 4 A
Soil: 3/6/2013 5 I \ I\
Compaction: HE -8 =3 I \ I \
o
. . s 2 A
Bogie Properties g I \ l \ ” /\‘ /\
Impact Velocity: 21.12 mph (31 fps) 9.44 m/s w1 /N N
Impact Height: 11in. 27.9cm g \l \ I \ N, \ \/\ /’\’\/\,\
Bogie Mass: 1888 Ibs 856.4 kg 0 v U \/ \%4
. -1
Data Acquired
Acceleration Data: DTS-SLICE -2
Camera Data: AOS-8 Perpendicular - 155" 0 0.02 0.04 0.06 0.08 0.1 0.12
Time (s)
10 Force vs. Deflection At Impact Location 35 Bogie Velocity vs. Time
aniwl N
6 25
A g
= 4 £20
AN A :
S 2 £\ 815
IVRTRIWAA VA"V $
AV s
-2 5
-4 0
0 10 20 30 40 0 0.02 0.04 0.06 0.08 0.1 0.12
Deflection (in.) Time (s)
20 Energy vs. Deflection At Impact Location 0 Deflection at Impact Location vs. Time
* / ——— 35 -~
50 / _ 30 7
£ / £25 //
v 40 ~—"
< S 2 ~
& P B
g ¥ = 15
& / 2 <
20 e pd
/ 10 /
10 5 e
0 0
0 10 20 30 40 0 0.02 0.04 0.06 0.08 0.1 0.12
Deflection (in.) Time (s)

Figure B-3. Test No. HTCB-13 Results (SLICE)
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Bogie Test Summary
Test Information Bogie vs post in socket Test Results Summary
Test Number: HTCB-13 Max. Deflection: NA in.
Test Date: 26-Jul-2013 Peak Force: 96 k
Failure Type: Post Bending Initial Linear Stiffness: 3.8 Kin.
Total Energy: 65.9 k-in.
Post Properties
Post Type: Steel - Midwest Weak Post
Post Size: 7 ga. Bent Plate
Post Length: 491n. 1245cm
Embedment Depth: 16in. 40.6 cm
Orientation: Strong-axis 6 Bogie Acceleration vs. Time
Foundation Properties 5 .
Diameter: 12in. 30.5¢cm /\ I
Embedment 30in. 76.2cm _4
Soil: 3/6/2013 5 I \ I
Compaction: HE -8 =3
g, [ L[] op
Bogie Properties VTP AN
Impact Velocity: 21.12 mph (31 fps) 9.44 m/s w1 \J A\
Impact Height: 11in. 27.9cm g \ I \ I \ / \/ \’\ / \/\
Bogie Mass: 1888 Ibs 856.4 kg V \ I VV v e ~
-1
Data Acquired v
Acceleration Data: EDR-3 -2
Camera Data: AOS-8 Perpendicular - 155" 0.02 0.04 0.06 0.08 0.1
Time (s)
10 Force vs. Deflection At Impact Location 35 Bogie Velocity vs. Time
g I/\\ .
6 25
Q
aialaw g
= 4 £20
U AN
S 2 \V/ \ a 815
NARVRTAWIRS VAN VA N =
. \ 5
-4 0
0 5 10 15 20 25 30 35 0 0.02 0.04 0.06 0.08 0.1
Deflection (in.) Time (s)
20 Energy vs. Deflection At Impact Location 35 Deflection at Impact Location vs. Time
[
60 / 30 //
50 / _25 /
g 40 // = //
= T 820
& g /
¥ 30 [~ 81s ~
S 3 /
20 10 /
10 5 ~
0 0
0 5 10 15 20 25 30 35 0.02 0.04 0.06 0.08 0.1
Deflection (in.) Time (s)

Figure B-4. Test No. HTCB-13 Results (EDR-3)
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MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information

Bogie vs post in socket

Test Results Summary

Test Number: HTCB-14 Max. Deflection: 359 in.
Test Date: 5-Aug-2013 Peak Force: 95 k
Failure Type: Post Bending Initial Linear Stiffness: 34 Kin.
Total Energy: 61.3 k-in.
Post Properties
Post Type: Steel - Midwest Weak Post
Post Size: 7 ga. Bent Plate
Post Length: 491n. 1245cm
Embedment Depth: 16in. 40.6 cm
Orientation: Strong-axis 6 Bogie Acceleration vs. Time
Foundation Properties
Diameter: 12in. 30.5¢cm 5
Embedment 30in. 76.2cm _
Soil: 3/6/2013 z4
Compaction: HE. -8 =
83
Bogie Properties g 2 \ A
Impact Velocity: 19.26 mph (28.2 fps) 8.61m/s E \ I I\
Impact Height: 11in. 27.9cm g1 A\ AVA\
Bogie Mass: 1888 Ibs 856.4 k U I \I \/ / NA
g ¢ 0 \ LN\
. v V e
Data Acquired V
Acceleration Data: DTS-SLICE -1
Camera Data: AOS-8 Perpendicular - 155" 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Time (s)
1 Force vs. Deflection At Impact Location 35 Bogie Velocity vs. Time
10 30
A —
8 25
<o ] g
= 6 £20
My
2 4 815
w
ARV S :
2 \/ V V 10
NRRIVARTAVAAVSAVAN
v V V / 5
-2 0
0 10 20 30 40 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Deflection (in.) Time (s)
20 Energy vs. Deflection At Impact Location 0 Deflection at Impact Location vs. Time
60 — 35 /’
// 30 -
50 — —_ /
< / £25
T 40 - s /
g o
& / = 20
g 30 g )
S @ 15
=)
20 /
/—/ 10 /
10 5
0 0
0 10 20 30 40 0.05 0.1 0.15
Deflection (in.) Time (s)

Figure B-5. Test No. HTCB-14 Results (SLICE)
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Bogie Test Summary
Test Information Bogie vs post in socket Test Results Summary
Test Number: HTCB-14 Max. Deflection: 355 in.
Test Date: 5-Aug-2013 Peak Force: 104 k
Failure Type: Post Bending Initial Linear Stiffness: 3.6 Kin.
Total Energy: 64.0 k-in.
Post Properties
Post Type: Steel - Midwest Weak Post
Post Size: 7 ga. Bent Plate
Post Length: 491n. 1245cm
Embedment Depth: 16in. 40.6 cm
Orientation: Strong-axis 6 Bogie Acceleration vs. Time
Foundation Properties 5 f
Diameter: 12in. 30.5¢cm I
Embedment 30in. 76.2cm _4 A
Soil: 3/6/2013 5 , \ ’ \
Compaction: HE -8 =3 I \ ’
o
. . =) N
Bogie Properties g ’ \ I I\ /\
Impact Velocity: 19.26 mph (28.2 fps) 8.61m/s w1 A\ /\
Impact Height: 11in. 279cm = \I I \/ \/ \ /\/\ A A
Bogie Mass: 1888 Ibs 856.4 kg 0 v V v v
-1
Data Acquired
Acceleration Data: EDR-3 -2
Camera Data: AOS-8 Perpendicular - 155" 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Time (s)
1 Force vs. Deflection At Impact Location 35 Bogie Velocity vs. Time
10 A 30
A ——
8 25
e g
= 6 £20
M
TATAY
w
>
SRR \\IAVA\ JAVANWNIAN .
0 VY v/ \"¢ A 5
-2 0
0 10 20 30 40 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Deflection (in.) Time (s)
20 Energy vs. Deflection At Impact Location 40 Deflection at Impact Location vs. Time
— s
60 — 35
e 30 e
50 S .
£ £25
< 40 c
g o
& §20 -
®30 2 pd
s / °15 v
20 e 1 P
10 s //
0 0
0 5 10 15 20 25 30 35 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
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Figure B-6. Test No. HTCB-14 Results (EDR-3)
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MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information

Bogie vs post in socket

Test Results Summary

Test Number: HTCB-15 Max. Deflection: 336 in.
Test Date: 9-Aug-2013 Peak Force: 81 k
Failure Type: Post Bending Initial Linear Stiffness: 3.6 Kin.
Total Energy: 55.1 k-in.
Post Properties
Post Type: Steel - Midwest Weak Post
Post Size: 7 ga. Bent Plate
Post Length: 491n. 1245cm
Embedment Depth: 16in. 40.6 cm
Orientation: Strong-axis s Bogie Acceleration vs. Time
Foundation Properties n
Diameter: 12in. 30.5¢cm 4
Embedment 24in. 61cm _ l \
Soil: 3/6/2013 73
Compaction: HE. -8 = 2
2
Bogie Properties g 1 l \ / \ N f\ /\ N
Impact Velocity: 2253 mph (33 fps) 10.07 m/s Kl \Y \ /\ \ l \ / /\
Impact Height: 11in. 27.9cm So AW,
Bogie Mass: 1888 Ibs 856.4 kg V V V V
-1
Data Acquired
Acceleration Data: DTS-SLICE -2
Camera Data: AOS-8 Perpendicular - 161" 0 0.02 0.04 0.06 0.08 0.1
Time (s)
10 Force vs. Deflection At Impact Location 0 Bogie Velocity vs. Time
8 35
6 / \ A 30
Q
AW g
g >
£, [\ AN N A £ %
o V ~ o
TIVAAVAVVATA g
0 N >
~
Y V-V 10
-2 5
-4 0
0 10 20 30 40 0 0.02 0.04 0.06 0.08 0.1
Deflection (in.) Time (s)
€0 Energy vs. Deflection At Impact Location 0 Deflection at Impact Location vs. Time
"\/
50 o~ 3
/ 30
= 40 =
% /'\./ =25 L~
<30 /" £ %0 ~
& / 3
[ -
£ %0 E’ 15
/ 10
10 . //
0 0
0 10 20 30 40 0 0.02 0.04 0.06 0.08 0.1
Deflection (in.) Time (s)

Figure B-7. Test No. HTCB-15 Results (SLICE)
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MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information

Bogie vs post in socket

Test Results Summary

Test Number: HTCB-15 Max. Deflection: 336 in.
Test Date: 9-Aug-2013 Peak Force: 92 k
Failure Type: Post Bending Initial Linear Stiffness: 3.6 Kin.
Total Energy: 56.9 k-in.
Post Properties
Post Type: Steel - Midwest Weak Post
Post Size: 7 ga. Bent Plate
Post Length: 491n. 1245cm
Embedment Depth: 16in. 40.6 cm
Orientation: Strong-axis 6 Bogie Acceleration vs. Time
Foundation Properties 5
Diameter: 12in. 30.5cm /\
Embedment 241in. 61cm _4
Soil: 3/6/2013 z [\ )
Compaction: HE -8 =3 I \ I \
o
B2
Bogie Properties o
Impact Velocity: 22.53 mph (33 fps) 10.07 m/s % 1 I \V/ \ /\\/\ N\ /\
Impact Height: 11in. 279cm & \ /\ / \ / \ / ‘ /\
Bogie Mass: 1888 Ibs 856.4 kg V \V4 \/\j
_ ., v Vi
Data Acquired
Acceleration Data: EDR-3 -2
Camera Data: AOS-8 Perpendicular - 161" 0 0.02 0.04 0.06 0.08 0.1
Time (s)
10 Force vs. Deflection At Impact Location 0 Bogie Velocity vs. Time
8 l/\\ 35
6 /\ 30
Q
AW g2
g >
IRV R, VAR
LV AN/ VN SN
° v VA'AAY| 10
-2 v 5
-4 0
0 10 20 30 40 0 0.02 0.04 0.06 0.08 0.1
Deflection (in.) Time (s)
€0 Energy vs. Deflection At Impact Location 40 Deflection at Impact Location vs. Time
N
50 /_\/\\/ 35
/ 30
= 40 - =
£ ~ £25 -
z g ~
§ 30 / E 20
@ =
& 20 / g
/ 0
10 . //
0 0
0 5 10 15 20 25 30 35 0 0.02 0.04 0.06 0.08 0.1
Deflection (in.) Time (s)

Figure B-8. Test No. HTCB-15 Results (EDR-3)
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MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information Bogie vs post in socket Test Results Summary
Test Number: HTCB-16 Max. Deflection: 342 in.
Test Date: 9-Aug-2013 Peak Force: 70 k
Failure Type: Post Bending Initial Linear Stiffness: 3.2 Kiin.
Total Energy: 69.9 k-in.
Post Properties
Post Type: Steel - Midwest Weak Post
Post Size: 7 ga. Bent Plate
Post Length: 491n. 1245cm
Embedment Depth: 16in. 40.6 cm
Orientation: Strong-axis . Bogie Acceleration vs. Time
Foundation Properties 35 N
Diameter: 12in. 30.5¢cm I \ /\
Embedment 36in. 9L.4cm 3 I \ I
Soil: ) Sand éz_s
Compaction: NA . | \ ]
ie Progerti 5.\ N\
Bogie Properties gl.s
Impact Velocity: 2224 mph (32.6 fps) 9.94 m/s ® ’ v \ " / \ N .
Impact Height: 11in. 279cm =
Bogie Mass: 1888 Ibs 856.4 kg 0.5 I \V/ \V/ \\ \V/ \\//\VA\
. 0 \/
Data Acquired
Acceleration Data: DTS-SLICE -0.5
Camera Data: AOS-8 Perpendicular - 162" 0 0.02 0.04 0.06 0.08 0.1
Time (s)
g Force vs. Deflection At Impact Location 0 Bogie Velocity vs. Time
7 35
6 A 30
aawl _
SAIANA 22
Q
NIRA A
o
-, | V| ,\\// A\ 315
/Y \VANYA WAY W 20
. v [VARVAVAA ;
-1 0
0 10 20 30 40 0 0.02 0.04 0.06 0.08 0.1
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Figure B-9. Test No. HTCB-16 Results (SLICE)
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Bogie Test Summary

Test Information

Bogie vs post in socket

Test Results Summary

Test Number: HTCB-16 Max. Deflection: 337 in.
Test Date: 9-Aug-2013 Peak Force: 81 k
Failure Type: Post Bending Initial Linear Stiffness: 35 Kin.
Total Energy: 710 k-in.
Post Properties
Post Type: Steel - Midwest Weak Post
Post Size: 7 ga. Bent Plate
Post Length: 491n. 1245cm
Embedment Depth: 16in. 40.6 cm
Orientation: Strong-axis s Bogie Acceleration vs. Time
Foundation Properties n
Diameter: 12in. 30.5¢cm 4
Embedment 36in. 91.4cm _ / \ /
Soil: sand r3
Compaction: NA = A
.V /\
-]
Bogie Properties g 1 A\ N
Impact Velocity: 2224 mph (326fps)  9.94mis g \/ e \/ \ / \ /\ f/\
Impact Height: 11in. 279cm So \_/ \
Bogie Mass: 1888 Ibs 856.4 kg V \Y)
-1
Data Acquired
Acceleration Data: EDR-3 -2
Camera Data: AOS-8 Perpendicular - 162" 0 0.02 0.04 0.06 0.08 0.1
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Figure B-10. Test No. HTCB-16 Results (EDR-3)
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