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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 include socketed post foundations as opposed to simply driving
barrier posts into the surrounding soil. Socketed foundations allow posts to slide in and out of
ground sockets for easy replacement in the event of system damage during a crash. Thus, the
time and cost of system repairs can be reduced. However, several state Departments of
Transportation (DOTSs) have reported that real-world crashes into cable barrier installations have
resulted in damage to existing 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 socket. Either situation defeats the purpose of using sockets, increases
the time necessary to restore a damaged barrier, results in higher maintenance costs, and leads to
increased risk to repair crews working adjacent to high-speed facilities.

The majority of existing socketed post foundations are constructed by coring a hole in the
soil, placing a steel sleeve in the hole, and backfilling the hole with Portland cement concrete.
However, many of these designs have insufficient 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 foundations for cable guardrail posts that perform as intended in the
field.

Phase | of this project aimed to develop a socketed foundation that would be compatible
with a wide variety of cable barrier systems [1]. Years ago, the S4x7.7 (§5102x11.5) steel section

was the strongest post used in cable barrier systems, and these prior socketed foundations were
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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.

As a result of this first round of component testing, the S4x7.7 (S102x11.5) post was
viewed as a strong cable post that may not be suitable for use in rigid foundations. Thus, the
weaker S3x5.7 (S76x8.5) post, which is the standard post for current nonproprietary cable barrier
systems, was selected for continued development and testing of the socketed foundation.
Although the S3x5.7 (S76x8.5) post is weaker than the S4x7.7 (S102x11.5) post, it still provides
greater strength than the majority of cable system posts. Thus, a foundation designed to support
S3x5.7 (S76x8.5) posts would have sufficient strength to support most other cable barrier posts
as well.

It should be noted that a third research and development effort dedicated to the design of
socketed foundations for cable posts was conducted in parallel to the study described herein. The
development of the Midwest Weak Post (MWP) has been ongoing and is intended for use in non-
proprietary cable barrier systems [2]. As such, optimized socketed foundations were desired for
these significantly weaker MWP posts. The design and evaluation of these optimized socketed
foundations is described in a separate research report [3].

1.2 Objective

The objective of this research project was to develop a socketed foundation for use with
the S3x5.7 (S76x8.5) post. Foundation designs were to remain focused on placing a steel socket
within a cylindrical, reinforced concrete shaft. The foundation was to sustain minimal damage
and displacements during impacts, thus keeping repair costs to a minimum. This component
testing program was conducted to determine foundation designs for cable barrier systems that

have satisfied the safety standards published in the National Cooperative Highway Research
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Program (NCHRP) Report No. 350 [4] or the Manual for Assessing Safety Hardware (MASH)
[5].
1.3 Research Approach

Development of the socketed foundations for S3x5.7 (S76x8.5) posts was initially based
on the recommendations made at the conclusion of Phase | of this project [1]. From those
recommendations, new foundations were designed with various reinforcement configurations,
cross section dimensions, and embedment depths. The new foundation designs were evaluated
with the same type of dynamic bogie tests conducted during the previous phases of the project.
However, testing was completed in three different soils to determine the necessary foundation
strengths and embedment depths associated with the various roadside conditions. Round 1 of
dynamic testing was conducted with the concrete foundations installed in a weak, sandy soil.
Round 2 of testing was conducted with the foundations installed in a standard, strong soil
typically utilized during full-scale crash testing of roadside barrier hardware. Finally, Round 3 of
testing was conducted with the foundations installed in a strong soil with a 4-in. (102-mm)
asphalt overlay. Conclusions and recommendations were formulated for each of these soil

conditions and were documented herein.
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2 COMPONENT TEST CONDITIONS
2.1 Purpose

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

2.2 Scope

Ten bogie tests were conducted on S3x5.7 (S76x8.5) posts inserted into the reinforced
concrete, socketed foundations. Similar to the impact conditions used in the previous phase 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 of the bumper on a small car, which would cause high
shear and bending loads to be imparted to the top of the socketed foundations.

A foundation 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,
plumb position. Although not ideal for new installations, it was felt that these displacements
would 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
groundline. The combination of these criteria would ensure that a socketed foundation could be
reused in the same system without repairs or resetting.

Evaluation of the socketed foundation configurations was completed in three rounds of

dynamic component testing. During the first round, five tests were conducted on foundations
4
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installed in a weak, sandy soil. Round 2 consisted of four tests on foundations installed in
standard strong soils, while Round 3 consisted of one test on a foundation installed within a 4-in.
(102-mm) asphalt pavement. Further details on individual tests are included at the beginning of
each respective testing chapter. Combining the results from all three rounds of testing allowed
for the development of foundation design guidelines based on site-specific soil conditions.
2.3 Test Facility

Physical testing on the socketed foundations for cable 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’s city campus.
2.4 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 and
standard-speed digital video, and still cameras.

2.4.1 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-
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), except for
test no. HTCB-5 when the impact height was 15 in. (381 mm). The bogie with the impact head is
shown in Figure 1. The weight of the bogie with the addition of the mountable impact head and

accelerometers was approximately 1,800 Ib (816 kg).
5
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A pickup truck with a reverse 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-control braking system was installed on the bogie, allowing it to be brought safely to rest

after the test.

e e T

B

o

TR &
Figure 1. Rigid-Frame Bogie on Guidance Track

2.4.2 Accelerometers

A combination of four different environmental shock and vibration sensor/recorder
systems was used to measure the longitudinal accelerations during the bogie tests. All of the
accelerometers were mounted near the center of gravity of the bogie vehicle. Table 1 contains the
specific accelerometers utilized during each bogie test.

The first two systems, the SLICE-1 and SLICE-2 units, were modular data acquisition
systems manufactured by Diversified Technical Systems, Inc. (DTS) of Seal Beach, California.

The acceleration sensors were mounted inside the bodies of custom-built SLICE 6DX event data
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recorders and recorded data at 10,000 Hz to the onboard microprocessor. Each 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
program and a customized Microsoft Excel worksheet were used to analyze and plot the
accelerometer data.

The third 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 DTS. 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.

The fourth system, Model EDR-3, was a triaxial piezoresistive accelerometer system
manufactured by Instrumented Sensor Technology, Inc. (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
7
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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
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.

Table 1. Accelerometers Utilized During Each Dynamic Component Test

Test No. SLICE-1 SLICE-2 DTS-TDAS EDR-3

HTCB-5 X

X[ X

HTCB-6

HTCB-7

HTCB-8

HTCB-9

HTCB-10

XXX [X|X

HTCB-11

HTCB-17

HTCB-18

XX X[ X
X[ X[ X

HTCB-19

2.4.3 Retroreflective Optic Speed Trap

A 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 beam of light emitted by the Emitter/Receiver
was reflected back by the targets, 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 were only used as a backup in the event that vehicle speeds could not be

determined from the electronic data.
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2.4.4 Digital Photography

At a minimum, one AOS high-speed digital video camera and one JVC standard-speed
digital video camera were used to document each test. The AOS camera had a frame rate of 500
frames per second, and the JVC camera had a frame rate of 29.97 frames per second. The
cameras were placed laterally from the posts, with a view perpendicular to the bogie’s direction
of travel. For test nos. HTCB-10 and HTCB-11, a second JVC digital camera was placed on the
opposite side of the posts and elevated such that it had a downward view to the top surface of the
foundation. For test nos. HTCB-17 through HTCB-19, two GoPro digital cameras, with a frame
rate of 120 frames per second, were utilized in place of the JVC cameras. A Nikon D50 digital
still camera was also used to document pre- and post-test conditions for all tests.
2.5 End-of-Test Determination

During standard bogie—post impact events, the desired test results have been based on
force vs. 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 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 end-of-test criteria were discarded, and
the true end-of-test was defined as the time when the bogie vehicle overrode or lost contact with

the post.
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2.6 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 [6]. 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.

10
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3 DESIGN DETAILS - ROUND 1, WEAK SOIL

Following the poor performance of the initial foundation designs tested in Phase I
(Designs A through C), four additional foundation designs (Designs D through G) were
fabricated and evaluated through the first round of dynamic component testing with S3x5.7
(S76x8.5) posts. Similar to the designs of Phase I, each socketed foundation consisted of a steel
socket placed in the middle of a cylindrical, reinforced concrete foundation. However, each of
the new foundations evaluated herein incorporated increased shear strength to prevent concrete
failure. Design details for each of the foundations are shown in Figures 2 through 9, and
photographs documenting the construction and installation of the foundations are shown in
Figure 10. 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 and
had a 60-in. (1,524-mm) embedment depth. The concrete was specified to a minimum 28-day
compressive strength of 3,500 psi (24 MPa). All of the foundations were reinforced with both
circumferential and vertical grade 60 steel rebar. However, the quantity and spacing of the steel
reinforcement varied between designs. A 16-in. (406-mm) long, 4-in. x 4-in. X ¥%-in. (102-mm X
102-mm x 6-mm) steel tube was located at the top-center of each foundation to act as a socket
for the S3x5.7 (S76x8.5) posts. Finally, all of the foundations were installed within a test pit
filled with a weak soil material conforming to the AASHTO Grade A-3 sand requirements [7].

Each foundation design had a unique mechanism for increasing the shear capacity of the
foundation, and the designs were labeled and tested in order of increasing strength (from Design
D to Design G). Design D utilized 4%-in. (114-mm) spacings between transverse steel hoops
throughout the top portion of the foundation, while Design E utilized a reduced spacing of 2% in.

(64 mm). The foundation of Design F was nearly identical to that of Design E, execpt Design F
11
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incorporated ¥-in. (6-mm) thick shim plates welded on the outside of the post flanges. These
plates were intended to bear against the inside of the sockets below the surface of the foundation,
thus reducing the propensity for shear cracking at the top of the foundation. Additionally, the
moment arm of the post is increased, resulting in a decrease in shear load and further reducing
the propensity of concrete cracking. Note, the socket thickness had to be reduced from ¥4 in. (6
mm) to Y% in. (3 mm) in order to accommodate the shear plates in Design F. Finally, Design G
utilized 4-in. (102-mm) spacings between transverse steel hoops and incorporated no. 4 vertical
bars welded to the front and back faces of the socket. These additional vertical bars would

provide extra strength and stiffness to the socket against rotational displacements.

12



el

Test No Desiai S Ty — T Speed | _ Angle
est e vesign =01l :lype mpact “HegH mph [km/h] (degrees)
HTCB-5 D A-3 Sand 5" [381] 60" [1524] 20 [32.2] 20
HTCB-6 (See Note 4) A—3 Sand 60" [1524] 20 [32.2] 90
HTCB—7 (See Note 4) ARE Sand 60" [1524] 20 [32.2] 90
HTCB-8 (See Note 4) AEZ Send 60" [1524 20 [32.2] 90
HTCB-9 (See Note 4) AA8"Sand 60" [1524] 20 [32.2] 90
o 1R
[838]
"
<
1
“ p
o
* 1y
= Notes: (1
. \
(2) it for testing
0 60" N
i) o ¢ (3) B of
5'-6 i | [1524] e rBh
[1676] (4) workgllat both
] 2asgS_osayoi
impact deignt. It
modet with the
p.Snatrix when
i [279] impac
: : SHEET:
i i : High Tension Cable ot 8
T ——— Footing — Weak Soil =
Testing s
General Test Setup
4'-0” s ;
—— [1219] — Midwest Roadside
HH DWG. NAME
Safety Facility S

Figure 2. Bogie Testing Matrix and Setup, Test Nos. HTCB-5 through HTCB-9

GT-€62-£0-dd.L 'ON Hoday 4SHMIN

GT0Z ‘82 |udy



14

6"
[152] ]

2'-0"
[610]

Note: (1) Use Sonotube to precast the concrete footings.

Part No. Soil Type Spec.
No. 40 Sieve—51% min. pass
1 AASHTO A—3 Sand No. 200 Sieve—10% max. pass

Plasticity Index—NP
Fine Sand

Midwest Roadside

Safety Facility DWG. NAME

SHEET:
High Tension Cable 2ot e
Footing — Weak Soil -
Testing

08/12/2014]
Bogie Pit Setup and DRAWN BY
General System Details RUT/MOM/O

MH, SDB/ JE

SCALE: 1:24 |REV BY:

HT Cable Foofings R2_v10 UNITS: In[mm] |KaL/skR

Figure 3. Bogie Pit Setup, Test Nos. HTCB-5 through HTCB-9

GT-€62-£0-dd.L 'ON Hoday 4SHMIN

GT0Z ‘8¢ |udy



qaT

fol3)
2'—g? 2'—9" \ 2og” 2'-9"
[838] [833] [338] [838]
a9 i A
:2 2 (511 [51 Q@ Y
N [51] —_—
q P B, g Sl
et 13 i ofl 11 i
d' t 1] : n .& 1
I M i3 K I B
:u'- : 'jt 3/637'&%1 ': 7 Rebor @ || nii B
! 8 Reba B 20" [508] ' " 1102] || e
9 P 2 ;44 rlfgj L=08] P - 4:4'[ (6 'Jﬁ] H t i
R
L{ 4‘ TR
[102] ey [ o0 ::":_wl;»—_ui
5'~0" P i P 5 8 ! 5'~0"
[1524] [2€3] [:?3] i [1524] [213] ! [1524]
11
J i} I
[203] [203 [203]
o L L o g
i ! (2021 [z%é; /1 (203 ! /@
@ \r\l i { { M } _ :_&P
1 1 " 1
7. 1/2" | (:) o 7 2 y 1/2 Y 1/2
[‘9/2] | / | | oo (191 | M 7 [19/01 4
1 \l 1IL 1 AL
f i t ¥ {
—0 ®1-0" o 1'—0
- ?3“5] - - [305] - - %av} L— ~ ?3“5] -
Design D Design E Design F Design G
SHEET:
High Tension 3 of @
Cable Footing — -
Weak Soil Testing i
Concrete Footing Detai
Midwest Roadside ir/S08/ €
Safety Facility [ ™= S e [, o

Figure 4. Post Assemblies and Reinforcement Configurations, Test Nos. HTCB-5 through HTCB-9

GT-€62-£0-dd.L 'ON Hoday 4SHMIN

GT0Z ‘82 |udy



91

= —F
[254]
g
[406]
o [l
pal Ry
[660]
/,b L
@ DETAIL A
SCALE 1 : 8

Part

Bill of Bars

2 3/4" Part No.
- (701 [~ a3 ok a9
10 4 =
/ 14 Z =
14 4 =
11 4 2
J/A” / - @1'-0"
[83] / [305]
N
Iy
'}
Lrs
v
\‘ \
1/4" \\ ‘\ \
[33] ) L/ 04 Notes: (1) Align the strong axis of the post with
\, \\ 7 the rebar as shown.
RN, L ///’ . .
\ = { X 3 (2) A9 rebar pieces are only to be used
T 3 \f‘l",‘ " 5 e in Design p(‘ '
3/4" . (3) Rebar elements a3 and a4 are hidden
[70] [51] Win. CC " in Detail A to clarify view.
l 1 A N _ /(Tvr )
3" 8.2/ 5 [:7]\ o
a9
: 4'~8" |
| @722, N
1
1
[ { |
|
#4 Rebar
Part d4
[ 22" o
F 1650) i
[ |
4 Rebar
Part a9
SHEET:
High Tension Cable 4ot 8
Footing — Weak Soil -
Testing L
‘3[177,;3] Reinforcement Details DRAWN BY
. . RJT/MDM/D
Midwest Roadside /<08 8
Safety Facility |[o ™= SCALE: 1:4 [mev. ex
HT Cable Footings R2_v10 UNITS: In[mm] |KaL/SKR

#4 Circular Rebar
a3

Figure 5. Reinforcement Details, Test Nos. HTCB-5 through HTCB-9

GT-€62-£0-dd.L 'ON Hoday 4SHMIN

GT0Z ‘82 |udy



LT

- /|

I

1 Post Socket A8semBl

i (Design D, E,'@md G

(1021 |1

i

i Toc
e it
[1245] 1

1

o

Posh Socket Assembly
(Qesign P

Note: Tack—weld the stee"plate to the bottom of the TS Tube.

i
anr it (Tvo.)
(o | map—<

it
i
4" i
(1021 |4 fi
i | t it

: 6x8.5] S3x5.7 [S76x8.5]
Part a8 with Shim Plates
(Design F Only)

Midwest Roadside
Safety Facility

SHEET
High Tension Cable s of o
Footing — Weak Sail -
Testing ‘

08/12/2014}
Post and Post Socket Details [oRawN BY
RJT/MOM/D
EH":(}E/ JE

DWG  NAME SCALE: 1:8 REV. BY

HT Cable Footings R2_v10 UNITS: In[mm] |KaL/SKR

Figure 6. Steel Post and Socket Details, Test Nos. HTCB-5 through HTCB-9

GT-€62-£0-dd.L 'ON Hoday 4SHMIN

GT0Z ‘82 |udy



8T

o
=1 [102]

\ o
[102]

W

1'—4"
[406]

HSS 4"x4"x1/4"
[HSS102x102x6]
Part a5

-

-

Shim

Part a6
SCALE 1 : 4

3 1/2"x4"x1/4" [‘89x102x6]
im Plate

o
(1021 [~

3
: [‘]
1/8"
@ -

SS ,4"x4"x1/8"
[HSS@®2x102x3.2]
art a10

W

¥

&
|'— [102] —l

P
[102]

4"x4"x1/4" J102x1702x6] Plate
rt a

’V,?J,

fe]
SCALE 1

34

]

[102]

Midwest Roadside
Safety Facility

SHEET:
High Tension Cable siane
Footing — Weak Soil T—
Testing 08/12/2014
Post Socket, Base Plate, and [orawn er
Shim Plates RJT/MOM/D

”H <08/ E

DWG. NAME SCALE: 18 REV. BY:

HT Cable Footings R2_vI0

UNITS: In[mm] |kaL/SKR

Figure 7. Steel Tube Details, Test Nos. HTCB-5 through HTCB-9

GT-€62-£0-dd.L 'ON Hoday 4SHMIN

GT0Z ‘8¢ |udy



61

e
[152] = -
7 \ 4°x4 ' x1/2
g I 3 [102x70513]
_;' [Q.[76] Square Tube
07/8" | e i N\
T "
[22] N ] :\ |
"o (0 ¥ 1
a” 4"x4"x1 /2"
8 I 1 4
O (@) 203 Il 102x102x13
[&(1\3] ] /3"4‘1"‘.'9 quhl,
m :
o c ( : — b
o o 1k .
F 1 10_3/4"  wex25, [W152x37.2]
@3/4" [19Y [272 30" [762] Long
168 14061 Lonqg
O O B eoncd Rod
oS e = e (|
== = e ()
[ITH
A¢9u /

Y ¥ x‘_ g 5 8 :
x70x
N6x25, [W152x3 Gussel - o
g/ﬁx 6 [w ‘vaj 7.2] 1 3/4"1 3/4% f/sf-: rm/mm 4] 1/2"x1/
L x4 6.4

4%
44.5x44.5x6.4] Square Tube
SHEET:
High Tension Cable 7ot 8
Footing — Weak Soil m—
Note: (1) Attach a 3/4" [19] .thick Nec E”’”e pad to the front of the TeStmg e
2 1/2"x2 1/2"x1/4" [64x64x6] square tube. N

Shear Impact Head DRAWN BY.
H * RJT/MDM/D
Midwest Roadside /258 2

Safety Facility | ™= SGALE 110 |Rev. B

HT Cable Footings R2_v10 UNMS: In[mm] |KaL/SKR

Figure 8. Bogie Shear Impact Head Details, Test Nos. HTCB-5 through HTCB-9

GT-€62-£0-dd.L 'ON Hoday 4SHMIN

GT0Z ‘82 |udy



0¢

Iltem No. QTY. Description Material Specification Comments
al 1 [AASHTO A—3 Sand See Page 2 -
a2 1 Min 3500 psi [24 MPa] Comp. Strength -
a3 (see pg. 3) Gr. 60 -
a4 (see pg. 3) Gr. 60 -
5 3 ASTM AS00 Grade B —
< (Min 42 ksi [289 MPa] Yield Strength)
ab 4 ASTM A36 Design F Only
a7 4 ASTM A36 =
a3 4 Min 50 ksi [344.7 MPa] Yield Strength -
a9 2 Gr. 60 Design G Only
ASTM AS00 Grade B :
a10 1 (Min 42 ksi [289 MPa] Yield Strength) Design F Only

High Tension Cable

SHEET:

8 of 8

Footing — Weak Soil
Testing o
08/12/2014]
Bill of Materials
DRAWN BY:
Midwest Roadside e
Safety Facility [o< ™= SCALE: Nore [REV. B¢
HT Cable Footings R2_v10 UNTS: In[mm] |kaL/SKR

Figure 9. Bill of Materials, Test Nos. HTCB-5 through HTCB-9

GT-€62-£0-dd.L 'ON Hoday 4SHMIN

GT0Z ‘8¢ |udy



April 28, 2015
MwRSF Report No. TRP-03-293-15

21



April 28, 2015
MwRSF Report No. TRP-03-293-15

4 COMPONENT TESTING — ROUND 1, WEAK SOIL
4.1 Purpose

Socketed foundations are required to resist displacement within the ground while
maintaining structural integrity. Obviously, the surrounding soil conditions are directly related to
the displacement expected for a given foundation during an impact. A stiff, strong soil would
provide greater resistance to translation and rotation than a weaker soil. Since cable barriers are
frequently placed in depressed medians where saturated soils are common, the performance of
socketed foundations in weak soils is critical. Thus, the first round of dynamic component testing
was conducted within a weak, sandy soil in order to establish the required embedment depth for
socketed foundations supporting S3x5.7 (S76x8.5) posts.

4.2 Scope

Five bogie tests were conducted on socketed foundations placed in a sand pit satisfying
AASHTO A-3 sand material requirements. For test nos. HTCB-5 through HTCB-9, the target
impact conditions were a speed of 20 mph (32 km/h) and an angle of 90 degrees, creating a
classical “head-on” or full-frontal impact with the strong axis of the S3x5.7 (S76x8.5) post, as
shown in Table 2.

The goal of the testing program was to identify the weakest concrete foundation that
maintained its structural integrity while also resisting lateral displacements. Note that the
strength of each socketed foundation designs increases incrementally from Design D to Design
G. Thus, testing began with Design D. The critical impact height was selected as 11 in. (279
mm) to represent the lower height of a small car bumper or the height to the center of a small car
wheel. However, due to the excessive displacements and foundation fractures observed during
Phase | of this research effort [1], impacts began at a height of 15 in. (381 mm). If a socketed

foundation was not damaged under this loading condition, the corresponding design was again
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tested with an 11-in. (279-mm) impact height. However, if a design failed at either impact

height, testing continued with the next foundation design.

Table 2. Bogie Testing Matrix — Test Nos. HTCB-5 through HTCB-9

Impact Embedment | Target Impact Target

Tt o | soimpe | M| DS e
(mm) (mm) (km/h) deg.
HTCBS5 | D | A-3Sand (31851) (1’652 N ég) 90
HTCB6 | D | A-3Sand (21719) (1’652 N ég) 90
HTCB-7 E A-3 Sand (21719) (1,652 4) (3(2)) 90
HTCB-8 F A-3 Sand (21719) (1,652 4) (3(2)) 90
HTCB-9 G A-3 Sand (21719) (1,652 4) (3(2)) 90

4.3 Weak-Soil Test Results

Through component testing, the performance of each socketed foundation was evaluated
in terms of both structural integrity and displacement of the foundation in weak soils. A
foundation system had to resist the impact loads without fracture to be deemed adequate.
Additionally, the researchers desired to limit the displacements of the foundation to less than 1
in. (25 mm), as measured at groundline. The combination of these criteria would ensure that a
socketed foundation could be reused in the same system without repairs or resetting.

Accelerometer data was used to find the resistance force supplied by the S3x5.7
(S76x8.5) 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
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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. Individual results for all accelerometers utilized during each test are
shown in Appendix B. Due to the plastic deformation of the posts, foundation displacements
were measured from the high-speed video and post-test field measurements.

4.3.1 Test No. HTCB-5 (Design D)

Test no. HTCB-5 was conducted on December 21, 2011 at approximately 10:00 a.m. 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-5

Temperature 30° F
Humidity 75%
Wind Speed 9 mph
Wind Direction 260° 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-5, the bogie impacted the post 15 in. (381 mm) above the
groundline at a speed of 20.8 mph (33.5 km/h), causing strong-axis bending in the post. Upon
impact, the foundation began to rotate through the soil, and a plastic hinge formed in the post at
groundline. By 0.006 seconds after impact, a concrete crack had formed across the top of the
foundation adjacent to the back edge of the socket. The foundation assembly reached a
maximum dynamic deflection of 0.8 in. (20 mm) at 0.030 seconds. The post continued to bend

over until the bogie head overrode the top of the post at 0.100 seconds after impact and at a
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deflection of 29.5 in. (749 mm). The top of the foundation had permanently displaced 0.3 in. (8
mm) laterally during the impact event.

Force vs. deflection and energy vs. deflection curves created from the EDR-3
accelerometer data are shown in Figure 11. Inertial effects resulted in a high peak force over the
first few inches of deflection. After a brief decrease, the force rebounded to a maximum of 13.3
kips (59.2 kN) near 5.8 in. (147 mm) of deflection. Following this peak, the force gradually
began to decrease until approximately 17 in. (432 mm), where a relatively steady force of
approximately 2 kips (8.9 kN) was observed for the rest of the impact event. At a maximum
deflection of 29.5 in. (749 mm), the post and socketed foundation had absorbed 140.3 Kip-in.
(15.9 kJ) of energy.

Damage to the test article consisted of plastic bending to the steel post and cracking to the
back side of the concrete foundation. Concrete shear cracking resulted in a 7-in. (178-mm) deep
piece of concrete fracturing off the top-back edge of the concrete foundation. Subsequently, a
portion of the steel socket and one transverse steel stirrup were exposed. Time-sequential and
post-impact photographs are shown in Figure 12. Based on these results with a 15-in. (381-mm)
impact height, the rest of the tests were to be conducted with an impact height of 11 in. (279

mm).
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Figure 11. Force vs. Deflection and Energy vs. Deflection, Test No. HTCB-5
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Figure 12. Time-Sequential and Post-Impact Photographs, Test No. HTCB-5
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4.3.2 Test No. HTCB-6 (Design D)
Test no. HTCB-6 was conducted on January 4, 2012 at approximately 12:15 p.m. 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-6

Temperature 50° F
Humidity 41%
Wind Speed 6 mph
Wind Direction 270° 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.

The concrete foundation assembly from test no. HTCB-5 was rotated 180 degrees and re-
used for test no. HTCB-6. During test no. HTCB-6, the bogie impacted the post 11 in. (279 mm)
above the groundline at a speed of 20.0 mph (32.2 km/h), causing strong-axis bending in the
post. Upon impact, the foundation rotated back through the soil, and a plastic hinge formed in the
post at groundline. At 0.036 seconds, the top of the concrete foundation fractured, and the steel
socket began to bend. Both the socket and post continued to bend backward until the bogie head
overrode the top of the post at 0.148 seconds after impact. Due to the concrete fracturing apart,
foundation displacements could not be measured for this test.

Force vs. deflection and energy vs. deflection curves created from the EDR-3
accelerometer data are shown in Figure 13. Inertial effects resulted in a high peak force over the
first few inches of deflection. After a brief decrease, the force rebounded to a maximum of 15.8

kips (70.3 kN) near 5.8 in. (147 mm) of deflection. Following this second peak, a relatively

28



April 28, 2015
MwRSF Report No. TRP-03-293-15

steady force of 12 kips (53.4 kN) was observed until approximately 10 in. (254 mm), when the
concrete fractured and the force rapidly decreased. At a deflection of 25.7 in. (653 mm), the post
and socketed foundation had absorbed 156.2 kip-in. (17.6 kJ) of energy.

Damage to the test article consisted of plastic bending in the post and fracturing of the
foundation. The post was bent at groundline, but not to the extent observed during test no.
HTCB-5. The top 16 in. (406 mm) of the concrete foundation was fractured, and chunks of
concrete were scattered around the impact location. The steel socket and several reinforcing bars

were exposed and bent backward. Time-sequential and post-impact photographs are shown in

Figure 14.
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Figure 13. Force vs. Deflection and Energy vs. Deflection, Test No. HTCB-6
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Figure 14. Time-Sequential and Post-Impact Photographs, Test No. HTCB-6
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4.3.3 Test No. HTCB-7 (Design E)
Test no. HTCB-7 was conducted on January 5, 2012 at approximately 10:00 a.m. 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-7

Temperature 40° F
Humidity 55%
Wind Speed 3 mph
Wind Direction 230° 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-7, the bogie impacted the post 11 in. (279 mm) above the
groundline at a speed of 20.7 mph (33.3 km/h), causing strong-axis bending in the post. Upon
impact, the foundation began to rotate through the soil, and a plastic hinge formed in the post at
groundline. The foundation assembly reached a maximum dynamic deflection of 1.1 in. (28 mm)
at 0.040 seconds. The post continued to bend over until the bogie head overrode the top of the
post at 0.110 seconds after impact and at a deflection of 30.2 in. (767 mm). The top of the
concrete foundation had permanently displaced 0.8 in. (20 mm) laterally during the impact event,
as measured through video analysis.

Force vs. deflection and energy vs. deflection curves created from the EDR-3
accelerometer data are shown in Figure 15. Inertial effects resulted in a high peak force over the
first few inches of deflection. After a brief decrease, the force rebounded to a maximum of 13.6

kips (60.5 kN) at 5.9 in. (150 mm) of deflection. Following this peak, the force gradually
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decreased for the remainder of the impact event. At a maximum deflection of 30.2 in. (767 mm),
the post and socketed foundation had absorbed 144.6 kip-in. (16.3 kJ) of energy.

Damage to the test article consisted of plastic bending to the steel post at groundline and
concrete cracking. The foundation experienced concrete shear cracking, which caused a 5.3-in.
(135-mm) deep piece of concrete to fracture off the top-back edge of the foundation.
Subsequently, a portion of the steel socket and one transverse steel stirrup were exposed. Time-

sequential and post-impact photographs are shown in Figure 16.
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Figure 15. Force vs. Deflection and Energy vs. Deflection, Test No. HTCB-7

32



April 28, 2015
MwRSF Report No. TRP-03-293-15

SRS 0000

0.100 sec

Figure 16. Time-Sequential and Post-Impact Photographs, Test No. HTCB-7
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4.3.4 Test No. HTCB-8 (Design F)
Test no. HTCB-8 was conducted on January 5, 2012 at approximately 1:15 p.m. 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-8

Temperature 60° F
Humidity 27%
Wind Speed 13 mph
Wind Direction 240° 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-8, the bogie impacted the post 11 in. (279 mm) above the
groundline at a speed of 20.9 mph (33.6 km/h), causing strong-axis bending in the post. Upon
impact, the foundation began to rotate through the soil, and a plastic hinge formed in the post at
groundline. The foundation reached a maximum dynamic deflection of 1.0 in. (25 mm) at 0.042
seconds. The post continued to bend over until the bogie head overrode the top of the post at
0.112 seconds after impact and at a deflection of 31.1 in. (790 mm). The top of the concrete
foundation had permanently displaced 0.8 in. (20 mm) laterally during the impact event, as
determined from video analysis.

Force vs. deflection and energy vs. deflection curves created from the EDR-3
accelerometer data are shown in Figure 17. Inertial effects resulted in a high peak force over the
first few inches of deflection. After a brief decrease, the force rebounded to a maximum of 13.3

kips (59.2 kN) at 6 in. (152 mm) of deflection. Following this second peak, the force gradually
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decreased until approximately 14 in. (356 mm) of deflection. A relatively steady force of
approximately 2 kips (8.9 kN) was observed for the remainder of the impact event. At the
maximum deflection of 31.1 in. (790 mm), the post assembly had absorbed 143.9 kip-in. (16.3
kJ) of energy.

Damage to the test article consisted of plastic bending of the post at groundline and
concrete cracking. The foundation experienced concrete shear cracking, which caused a 4.8-in.
(122-mm) deep chunk of concrete to fracture off the top-back edge of the foundation.
Subsequently, a small portion of the steel socket and one transverse steel stirrup were exposed.

Time-sequential and post-impact photographs are shown in Figure 18.
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Figure 18. Time-Sequential and Post-Impact Photographs, Test No. HTCB-8
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4.3.5 Test No. HTCB-9 (Design G)
Test no. HTCB-9 was conducted on January 6, 2012 at approximately 10:00 a.m. The
weather conditions, as per the National Oceanic and Atmosphere Administration (station

14939/LNK), were reported and are shown in Table 7.

Table 7. Weather Conditions, Test No. HTCB-9

Temperature 46° F
Humidity 43%
Wind Speed 20 mph
Wind Direction 360° 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-9, the bogie impacted the post 11 in. (279 mm) above the
groundline at a speed of 20.8 mph (33.5 km/h), causing strong-axis bending in the post. Upon
impact, the foundation began to rotate through the soil, and a plastic hinge formed in the post at
groundline. The foundation reached a maximum dynamic deflection of 1.2 in. (30 mm) at 0.038
seconds. The post continued to bend over until the bogie head overrode the top of the post at
0.112 seconds after impact. The top of the concrete foundation had permanently displaced 1.1 in.
(28 mm) laterally during the impact event, as determined from video analysis.

Force vs. deflection and energy vs. deflection curves created from the EDR-3
accelerometer data are shown in Figure 19. Inertial effects resulted in a high peak force over the
first few inches of deflection. After a brief decrease, the force rebounded to a maximum of 13.7
kips (60.9 kN) at 5.9 in. (150 mm) of deflection. Following this second peak, the force gradually

decreased until approximately 13 in. (330 mm) of deflection. A relatively steady force of
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approximately 2 kips (8.9 kN) was observed for the rest of the impact event. At the maximum
deflection of 26.8 in. (681 mm), the post assembly had absorbed 130.2 kip-in. (14.7 kJ) of
energy.

Damage to the test article consisted of plastic bending of the post at groundline and
concrete cracking. The foundation experienced concrete shear cracking, which caused a 4.8-in.
(122-mm) deep chunk of concrete to fracture off the top-back edge of the foundation.
Subsequently, a small portion of the steel socket and one transverse steel stirrup were exposed.

Time-sequential and post-impact photographs are shown in Figure 20.
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Figure 20. Time-Sequential and Post-Impact Photographs, Test No. HTCB-9
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4.4 Weak-Soil Testing Discussion

Results from the dynamic component testing conducted in weak soil are summarized in
Table 8. Force vs. deflection and energy vs. deflection plots for each test are shown in Figures 21
and 22, respectively. The forces observed during the tests were similar in magnitude and
duration. As expected, test no. HTCB-5 resulted in the lowest forces, since it was the only test
conducted with the increased impact height of 15 in. (381 mm). All of the force curves contained
an inertial spike within the first 2 in. (51 mm) of deflection, followed by relatively steady force
plateaus over 10 kips (45 kN). Upon post yielding between 5 in. and 10 in. (127 mm and 254
mm), the forces dropped rapidly, and the bogie overrode the post. The variations in forces and
energies between tests were considered negligible, and the result of small variations in impact
speed, material strengths, and soil compaction.

Testing began with the weakest of the foundation configurations, Design D. When
impacted at a height of 15 in. (381 mm) above the groundline during test no. HTCB-5, the
foundation had a permanent displacement of only 0.3 in. (8 mm), well below the targeted 1-in.
(25-mm) limit. Shear loads imparted to the socket from the post resulted in concrete cracking and
a piece of concrete spalling off the top-back side of the foundation. Due to the limited
displacement and minor damage to the weakest of the foundation designs, the remainder of the
tests were conducted with the lower, more critical, impact height of 11 in. (279 mm).

Retesting of foundation Design D with the lower impact height resulted in severe damage
to the top of the foundation in the form of concrete fractures and socket bending. Recall that the
foundation assembly utilized in test no. HTCB-5 was rotated 180 degrees and reused for test no.
HTCB-6. The previously damaged foundation assembly may have attributed to the poor

performance of test no. HTCB-6. However, if the test were re-run with a new foundation
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conforming to Design D details, the damage would be expected to be similar, if not greater, than
that observed during test no. HTCB-5.

Designs E through G, evaluated in test nos. HTCB-7 through HTCB-9, respectively, had
similar results. All three configurations experienced concrete shear cracking and fracture of the
top-back side of the foundation. Thus, none of the incremental design changes intended to
increase the shear strength of the foundation were enough to prevent concrete shear failure. Due
to the high amount of transverse and vertical steel already present in the foundation
configurations, further increasing the internal steel reinforcement likely would not produce better
results. Rather, the concrete would need to be confined (e.g., wrapping the foundation with steel
or carbon fiber) or the diameter of the foundations would have to be increased to prevent
concrete shear failure on the back of the socketed foundation,.

The permanent displacements observed in Designs E through G were similar, measuring
0.8 in. (20 mm), 0.8 in. (20 mm), and 1.1 in. (28 mm), respectively. The minor differences in
displacements were attributed to small variations in impact speeds and soil compaction, since
these three foundations each had a 12-in. (305-mm) diameter and a 60-in. (1,524-mm)
embedment depth. The average displacement for these three foundation designs in weak soil was
0.9 in. (23 mm), which was below the 1-in. (25-mm) displacement limit. Thus, 60 in. (1,524 mm)
was deemed the minimum embedment depth for a 12-in. (305-mm) diameter socketed
foundation installed in weak, saturated, or sandy soils in order to prevent excessive

displacements.
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Table 8. Dynamic Testing Summary, Foundations Installed in Weak Soil

Impact | Impact Avlf_ragekFl\(l)rce Peak Total Eg&?;;?g;
Test . Height | Velocity ips (kN) Force Energy . Foundation
Design ; . L Deflection
No. in. mph 10" 15 20" Kips Kip-in. i Damage
(mm) | (kmm) | @ @15" | @ (kN) (k) '
(mm)
HTCB-5 D 15 20.8 8.9 7.7 6.4 13.3 140.3 0.3 shear
(381) (33.5) | (39.6) | (34.3) | (28.5) (59.2) (15.9) (8) cracking/fracture
11 20.0 11.3 9.4 7.6 15.8 156.2 foundation fracture
HTCB6 | D1 279) | (322) | (503) | (418) | (338) | (703) | (17.6) NA | & socket bending
HTCB-7 £ 11 20.7 10.0 8.4 6.8 13.6 144.6 0.8 shear
(279) (33.3) | (44.5) | (37.4) | (30.2) (60.5) (16.3) (20) cracking/fracture
HTCB-8 F 11 20.9 9.8 8.0 6.4 13.3 143.9 0.8 shear
(279) (33.6) | (43.6) | (35.6) | (28.5) (59.2) (16.3) (20) cracking/fracture
HTCB-9 G 11 20.8 9.8 7.7 6.1 13.9 130.2 1.1 shear
(279) (33.5) | (43.6) | (34.3) | (27.1) (61.9) (14.7) (28) cracking/fracture
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5 DESIGN DETAILS - ROUND 2, STRONG SOIL

Round 1 of dynamic component testing evaluated the performance of socketed
foundations installed in critically weak soils. However, foundation performance in combination
with compacted, stiff soils was also desired. Thus, Round 2 of dynamic component testing was
conducted with the foundations placed within a strong, stiff soil satisfying AASHTO Grade B
gradation specifications [7] and MASH soil resistance requirements [5]. Design drawings for the
socketed foundations evaluated in combination with strong soil are shown in Figures 23 through
32, and photographs of the test installations are shown in Figure 33. Material specifications, mill
certifications, and certificates of conformity for the reinforced concrete, socketed foundations are
shown in Appendix A.

Results from Round 1 of component testing on 12-in. (305-mm) diameter socketed
foundations indicated that in order to prevent concrete shear failure, either the concrete would
need to be confined, or the diameter of the foundation would have to be increased. It was unclear
whether increasing the strength of the soil surrounding the foundation would be sufficient to
confine the concrete and prevent shear cracking. However, providing external reinforcement to
the foundations (e.g., sheet steel or carbon fiber wraps) to provide confinement was deemed
undesirable by the project sponsors. Thus, various diameters for the socketed foundations were
explored during Round 2 testing.

Six different socketed foundation designs were fabricated to evaluate performance in
combination with strong soils (though only four of these six were actually tested). Of these
foundations, three designs maintained the 12-in. (305-mm) diameter utilized during testing of the
foundations in weak soil, while three more designs utilized an increased shaft diameter. The
same internal reinforcement pattern was utilized in all three 12-in. (305-mm) diameter

foundations, Designs H, J, and K. The reinforcement pattern consisted of a combination of
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previous Designs E and G to maximize the strength of the foundations against cracking.
Specifically, the tight, 2%-in. (64-mm) stirrup spacing of Design E was combined with the extra
vertical steel bars of Design G, as shown in Figures 24, 26, and 27. Designs H, J, and K had
embedment depths of 24 in. (610 mm), 30 in. (762 mm), and 36 in. (914 mm), respectively.

Designs L and M utilized an outside diameter of 15 in. (381 mm), while Design N
utilized an outside diameter of 18 in. (457 mm). All three of the increased diameter foundation
designs utilized 4-in. (102-mm) spacings between stirrups. The stirrup sizes varied with
foundation diameter to maintain a constant concrete clear cover of 1% in. (38 mm), as shown in
Figures 25 and 28. Only four vertical steel bars were utilized within these three foundation
designs. The embedment depths for Designs L through N were 24 in. (610 mm), 30 in. (762
mm), and 30 in. (762 mm), respectively.

The S3x5.7 (S76x8.5) steel post and the HSS 4-in. x 4-in. X ¥%-in. (HSS 102-mm x 102-
mm X 6-mm) steel tube socket remained the same from Round 1 of component testing.
Additionally, the minimum concrete strength remained at 3,500 psi (24 MPa). Concrete cylinder
testing revealed the actual strength of the concrete to be 4,800 psi (33 MPa).

Although six foundation designs were fabricated for Round 2 testing, only four were
actually impacted. After conducting testing on Design J, it was clear that Design H was too
shallow to prevent rotation, and after conducting testing on Design M, the increased diameter of
Design N was deemed unnecessary. Thus, neither Design H nor Design N was evaluated through

dynamic bogie testing.
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Test No. Design Soil Type Impact Height nglg:gggg,” Foundation Depth mphspﬁfn?\/h] (déglgelf-;s)
HTCB—10 J | Standard Strong Soil 11" [279] 12" [305] 30" [762] 20 [32.2] 90
HTCB—11 K | standard Strong Soil 11" [279] 12" [305] 36" [914] 20 [32.2] 90
HTCB—17 M | Standard Strong Soil 11" [279] 15" [381] 30" [762] 20 [32.2] 90
HTCB—18 L | Standard Strong Seil 11" [279] 15" [381] 24" [610] 20 [32.2] 90
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50" foundation. Based ©on test results, the Pl will” seléct the next foundation for testing.
——————[1504]
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3 § eneral Test Setup
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Figure 23. Bogie Testing Matrix and Setup, Test Nos. HTCB-10, HTCB-11, HTCB-17, and HTCB-18
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Figure 24. Foundation Configurations with 12-in. (305-mm) Diameters, Test Nos. HTCB-10 and HTCB-11

GT-€62-€0-dY.L 'ON Moday 4SHMIA

GTOZ '8 Idy



174

5"2g"
[838]
‘#:: '::#
] 5 Rebar
2" 1" == 4
] 3

[610]

g

00~

Design L
15" [381] Diameter Foundation with
24 E 10] Embedment Depth
Note:

Ls" [381] and 18

1 1/2" &P

(3

()

% 6"

-

(@]

15" %38{

e
 [38

Design

_u(»l

(o s
1 1/4
‘_1 ;/2 cc [ [38]
[38] 1
dhom :::J}
g ; 54'89’:"{‘;;’\@
ui*e[a‘a'z@ - 16" lige]
416" 4#06] 2'-6" =
[762]
2 Rebar @
2 Rebor @ 571/4" [133]
5]455;[1?3(]71 ! = m/fl:L 7567)
=m0 1/2" [267] |
Jj\ | I~ e —— \.
1 148" cd 5 \@
TN . o
_‘4 [457]
M

Dnometer Foundation with
Embedment Depth

(1) Minimum 1 1/2" [3 lof clear cover for all rebar elements within
57] diameter foundations except for Design

18" 3];-57; Di rneter Foundohon with

Embedment Depth

Midwest Roadside
Safety Facility

|_Foundation Designs

High Tension Cable
Footing — Strong Soil
Tests

15" & 18" Diameter Concrete

DWG. NAME. |SCALE: 1:16
HT Cable Footings R3&R6_ForReport JUNITS: In[mm] |KAL/SKR

Figure 25. Foundation Configurations with Increased Diameter Foundations, Test Nos. HTCB-17 and HTCB-18
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Figure 26. Reinforcement Details for 12-in. (305-mm) Diameter Foundations, Test Nos. HTCB-10 and HTCB-11
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Bill of Bars

3 Part No.
Heslgo: | Bk Deeth |——35 a3 o7 b2 b3 2 o3
10 p 2 — - - -
2 3/4 9 - — 4 2 = —
[70] 1 — - = = 4 2

3 1/4"
[83]

3 1/4"

2 3/4"
[70]

2" Min. CC _|

[s1

D 7"
[178]

#4 Circular Rebar
Part a2

Note: (1) Align the strong axis of the post with

the rebar as shown.

See Table Below For Lengthsﬂ

1 ]
r AP ; ]
I |

4 Rebar
y: 07, b2, b3, c2, 3

. Length
in. [mm

High Tension Cable
Footing — Strong Soil
Tests

Midwest Roadside| Details

Safety Facility |°";:::rm e

12" Diameter Reinforcement

Figure 27. Reinforcement Details for 12-in. (305-mm) Diameter Foundations, Test Nos. HTCB-10 and HTCB-11

GT-€62-€0-ddL 'ON Modoy 4SHMIA

ST0Z ‘8¢ [udy



¢S

2 1/4" 6 3/4" 6 3/4"
[57] [171] [171]
G—A
NN,
7n ARY
[178]
6 3/4"
[171]
2 1/4”
[s71 —
18" [457] Diameter Foundation
2 /4% 5 1/4" , 5 1/4"
[571 [ [133]7T[133]
ol NN
- b W, )
5 1/4" /4 N
[133] i \
\
,’:) (ll
1t 1
5 1/4" \\\\ /,,'
[133] \ F
\:\\ ,:/’
St
2 1/4"
(5711 —

15" [381] Diameter Foundations

@1'—6'

P 8 cc
[38]

218
[381]

d3 or
e3

| 1.1/2" cc

[38]

Bill of Bars

Design Emb. Depth d2 d3 e3 f2
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SEE TABLE
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#4 Rebar
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Figure 28. Reinforcement Details for Increased Diameter Foundations, Test Nos. HTCB-17 and HTCB-18
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Figure 29. Steel Post and Socket Details, Test Nos. HTCB-10, HTCB-11, HTCB-17, and HTCB-18
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Figure 30. Bogie Shear Impact Head Details, Test Nos. HTCB-10, HTCB-11, HTCB-17, and HTCB-18
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Design J Bill of Materials
Part No. QTY. Part Description Material Specification
al 1 Concrete Shaft 30" [762] Long Min 3500 psi [24 MPa] Comp. Strength
a2 10 #4 Circular Rebar 7" [178] ID Gr. 60
a3 4 #4 Rebar 26" [660] Long Gr. 60
a4 4x4x1/4” [102x102x6] Steel Plate ASTM A36
a5 1 HSS 4x4x1/4” [HSS 102x102x6], 16" [406] Long ASTM A500 Grade B
a6 S3%5.7 [S76x85], 49" [1245] Long ASTM A572 Gr. 50 / ASTM A992 / ASTM A209 Gr. 50
a7 2 #4 Rebar 18" [457] Long Gr. 60
DesigndH Bill of Materials
Part No. QrY. Part Description Material Specification
a2 9 #4 Circular Rebar 7" [178] ID Gr. 60
a4 1 4xAx1/4" [102x102x6] Steel Plate ASTM A36
a5 1 HSS 4x4x1/4" [HSS 102x102x6],/16” [406] Long ASTM A500 Grade B
a6 1 $3x5.7 [576xa15], 49" [1245]long ASTM A572 Gr. 50 / ASTM A992 / ASTM A209 Gr. 50
b1 1 Concrete Shaft 24" .[610] Long Min 3500 psi [24 MPa] Comp. Strength
b2 - #4 Rebar 20™ [508] Long Gr. 60
b3 2 #4 Rebarp12” [305] Long Gr. 60
Design K Bill of Materials
Part No. QrY. Part Description Material Specification
a2 1 #4 Circular Rebar 7" [178] ID Gr. 60
a4 1 4x4x1/4” [102x102x6] Steel Plate ASTM A36
a5 1 HSS 4x4x1/4"” [HSS 102x102x6], 16" [406] Long ASTM A500 Grade B
ab 1 S3x5.7 [S76x8.5], 49" [1245] Long ASTM AS572 Gr. 50 // ASTM A992 / ASTM A209 Gr. 50
cl 1 Concrete Shaft 36” [914] Long Min 3500 psi [24 MPa] Comp. Strength
c2 4 #4 Rebar 32" [813] Long Gr. 60
c3 #4 Rebar 24" [610] Long Gr. 60
S
High Tension Cable 4 230
Footing — Strong Soil RTE:
Tests 8/12/2014
Bill of Material aoies
- . ill of Materials
Midwest Roadside B8t 2x
SOfety FOCIIIty DWG. NAME. - ISCALE: 1:16 [REV. BY:
HT Cable Foolings R3&R6_ForReport_JUNITS: In[mm] |KAL/SKR

Figure 31. Bill of Materials for 12-in. (305-mm) Diameter Foundations, Test Nos. HTCB-10 and HTCB-11
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Design L Bill of Materials
Item No. QTY. Description Material Spec
d1 1 Concrete Shaft 15” [381] Diameter Min 3500 psi [24 MPa] Compressive Strength
d2 6 #4 Circular, Rebar 7" [178] ID Gr. 60
d3 4 #4 Rebar 22" [559] Long Gr. 60
a4 1 4x4x1/4" [102x102x6] Steel Plate ASTM A36
a5 1 HSS 4x4x1/4" [SS 102x102x6.4], 16" [406] Long ASTM A500 Grade B
ab 1 S3x5.7 [S76x8.5], 49" [1245] Long ASTM A572 Gr. 50 / ASTM A992 / ASTM A209 Gr. 50
Design M Bill of Materials
Iltem No. QrY. Description Material Specification
el 1 Concrete Shaft 15" [381] Diameter Min 3500 psi [24 MPa] Compressive Strength
d2 7 #4 Circular Rebar 7" [178].4D Gr. 60
e3 4 #4 Rebar 27".[686] Long Gr. 60
a4 1 4x4x1/4” [102x102x6] Steel Plate ASTM A36
a5 1 HSS 4x4x1/4” [HSS 102x102x6.4], 167 [406] Long ASTM AS00 Grade B
ab 1 S3x5.7 [S76x8.5], 49" [1245] Long ASTM A572 Gr. 50 / ASTM AS92 / ASTM A209 Gr. 50
Design N Bill of Materials
Iltem No. QrY. Description Material Specification
1 1 Concrete Shaft 18" [457] Diameter Min 3500 psi [24 MPa] Compressive Strength
2 7 #4 Circular Rebar 14" [178] ID Gr. 60
e3 4 #4 Rebar 27" [686] Long Gr. 60
a4 1 4x4x1/4” [102x102x6] Steel Plate ASTM A36
as 1 HSS 4x4x1/4" [HSS 102x102x6.4], 16" [406] Long ASTM A500 Grade B
ab 1 S3x5.7 [S76x8.5], 49" [1245] Long ASTM A572 Gr. 50 / ASTM A992 / ASTM A209 Gr. 50
High Tension Cable
Footing — Strong Soil
Tests
Midwest Roadside| " ° Mo
Safety Facility [e'™e -
ootings RS&RS_Forfepo infrmrm] [KAL/SKR

Figure 32. Bill of Materials for Increased Diameter Foundations, Test Nos. HTCB-17, and HTCB-18
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Figure 33. Test Article Installation Photographs
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6 COMPONENT TESTING - ROUND 2, STRONG SOIL

6.1 Purpose

After completing the testing matrix for socketed foundations installed in critically weak
soils, it was desired to determine foundation performance in combination with stiff soils similar
to those typically used during barrier evaluation under MASH [5]. Thus, Round 2 of dynamic
component testing was conducted with the foundations placed within a strong, stiff soil
satisfying  AASHTO Grade B gradation specifications [7] and MASH soil resistance
requirements. During Round 2 testing, the embedment depth of the foundations was varied to
determine the minimum depth required to prevent excessive displacements, greater than 1 in. (25
mm), in stiff soils. Additionally, the reinforcement configurations and foundation diameters were
varied in an effort to prevent concrete shear cracking on the back side of the foundation.
6.2 Scope

Four bogie tests were conducted on S3x5.7 (S76x8.5) steel posts inserted into reinforced
concrete, socketed foundations installed in a strong, stiff soil. Test nos. HTCB-10 and HTCB-11
were conducted on socketed foundations with 12-in. (305-mm) diameters and embedment depths
of 30 in. (762 mm) and 36 in. (914 mm), respectively. Test nos. HTCB-17 and HTCB-18 were
conducted on socketed foundations with an increased diameter of 15 in. (381 mm) and
embedment depths of 30 in. (762 mm) and 24 in. (610 mm), respectively. The target impact
conditions for all four tests were an impact height of 11 in. (279 mm), a speed of 20 mph (32
km/h), and an angle of 90 degrees, creating a classic “head-on” impact with the strong axis of the
post. The test matrix is shown in Table 9.

As described in Chapter 5, there were six socketed foundation designs fabricated for
evaluation during Round 2 of component testing. Designs H, J, and K were 12-in. (305-mm)

diameter foundations with varying embedment depths, while Designs L through N had an
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increased diameter and varying embedment depths. However, in an effort to limit the amount of
testing required to determine the necessary foundation strength and embedment depth, the
middle-sized foundation from each of these two groups was tested first, and the second test
article would be selected depending upon the results. Thus, the 12-in. (305-mm) diameter socket
with the middle embedment depth, Design J, was evaluated first. After excessive displacement
was observed, testing continued with the larger foundation, Design K, and Design H was never
evaluated. Similarly, Design M was evaluated first and resulted in minimal displacement and

damage. Thus, Design L was selected for the next test, and Design N was never evaluated.

Table 9. Bogie Testing Matrix, Foundations in Strong Soil

Impact | Impact | . | Embed. Foundation
Test . . Height Speed P Depth Diameter
N Design | Soil Type . Angle ; in
0. in. mph de in. .
(mm) | (km/h) g (mm) (mm)
AASHTO | 11 20 30 12
HTCB-10 ) ) GradeB | (279) | (32) %0 (762) (305)
AASHTO | 11 20 36 12
HTCB-11 | K| "GradeB | (279) | (32) %0 (914) (305)
AASHTO | 11 20 30 15
HTCB-17 | M | ‘GradeB | 79) | @2 | % | @2 | (@81
AASHTO | 11 20 24 15
HTCB-18 | L | ‘GrageB | (279) | (32) 20 (610) (381)

6.3 Strong-Soil Results

Through component testing, the performance of each socketed foundation was evaluated
in terms of both structural integrity and displacement of the foundation in strong soils. A
foundation system had to resist the impact loads without fracture to be deemed adequate.
Additionally, the researchers desired to limit the displacements of the foundation to less than 1
in. (25 mm), as measured at groundline. The combination of these criteria would ensure that a

socketed foundation could be reused in the same system without repairs or resetting.
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Accelerometer data was used to find the resistance force supplied by the S3x5.7
(S76x8.5) 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. Individual results for all accelerometers utilized during each test are
shown in Appendix B. Due to the plastic deformation of the posts, foundation displacements
were measured from the high-speed video and post-test field measurements.

6.3.1 Test No. HTCB-10 (Design J)

Test no. HTCB-10 was conducted on June 13, 2012 at approximately 12:30 p.m. The
weather conditions, as per the National Oceanic and Atmosphere Administration (station

14939/LNK), were reported and are shown in Table 10.

Table 10. Weather Conditions, Test No. HTCB-10

Temperature 85° F
Humidity 30%
Wind Speed 23 mph
Wind Direction 160° From True North
Sky Conditions Partly 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-10, the bogie impacted the S3x5.7 (S76x8.5) steel post 11 in.
(279) above the groundline and at a speed of 20.6 mph (33.2 km/h), causing strong-axis bending

in the post. Upon impact, the foundation assembly began to rotate through the soil, and a plastic
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hinge formed in the post at groundline. By 0.008 seconds after impact, a concrete crack had
formed across the top of the foundation adjacent to the back edge of the socket. The foundation
assembly reached a maximum dynamic deflection of 3.1 in. (79 mm) at 0.052 seconds. The post
continued to bend over until the bogie head overrode the top of the post at 0.116 seconds after
impact. The top of the concrete foundation had permanently displaced 2.2 in. (56 mm) laterally
during the impact event, as determined from video analysis.

Force vs. deflection and energy vs. deflection curves created from the EDR-3
accelerometer data are shown in Figure 34. Inertial effects resulted in a quick peak force over the
first few inches of deflection. After a brief decrease, the force rebounded to a maximum of 20.7
kips (92.1 kN) at 5.4 in. (137 mm) of deflection. Following the maximum peak, the force
gradually decreased until approximately 11 in. (279 mm) of deflection. The force remained
below 5 kips (22 kN) for the remainder of the impact event. At the maximum deflection of 30.2
in. (767 mm), the post assembly had absorbed 149.6 kip-in. (16.9 kJ) of energy.

Damage to the test article consisted of plastic bending of the post at groundline and
concrete cracking. The foundation experienced concrete shear cracking, which caused a 5-in.
(127-mm) deep chunk of concrete to fracture off the top-back edge of the foundation.
Subsequently, a small portion of the steel socket and one transverse steel stirrup were exposed.

Time-sequential and post-impact photographs are shown in Figure 35.
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Figure 34. Force vs. Deflection and Energy vs. Deflection, Test No. HTCB-10
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Figure 35. Time-Sequential and Post-Impact Photographs, Test No. HTCB-10
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6.3.2 Test No. HTCB-11 (Design K)
Test no. HTCB-11 was conducted on June 13, 2012 at approximately 5:00 p.m. The
weather conditions, as per the National Oceanic and Atmosphere Administration (station

14939/LNK), were reported and are shown in Table 11.

Table 11. Weather Conditions, Test No. HTCB-11

Temperature 85° F
Humidity 36%
Wind Speed 22 mph
Wind Direction 160° From True North
Sky Conditions Partly 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-11, the bogie impacted the S3x5.7 (S76x8.5) steel post 11 in.
(279) above the groundline and at a speed of 20.0 mph (32.2 km/h), causing strong-axis bending
in the post. Upon impact, the foundation assembly began to rotate through the soil, and a plastic
hinge formed in the post at groundline. By 0.008 seconds after impact, a concrete crack had
formed across the top of the foundation adjacent to the back edge of the socket. The foundation
assembly reached a maximum dynamic deflection of 1.1 in. (28 mm) at 0.034 seconds. The post
continued to bend over until the bogie head overrode the top of the post at 0.106 seconds after
impact. The top of the concrete foundation had permanently displaced 0.8 in. (20 mm) laterally
during the impact event, as determined from video analysis.

Force vs. deflection and energy vs. deflection curves created from the SLICE-1
accelerometer data are shown in Figure 36. Inertial effects resulted in a quick peak force over the

first few inches of deflection. After a brief decrease, the force rebounded to a maximum of 17.9
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kips (79.6 kN) at 4.8 in. (122 mm) of deflection. Following the maximum peak, the force
gradually decreased until approximately 10 in. (254 mm) of deflection. The force remained
below 5 kips (22 kN) for the remainder of the impact event. At the maximum deflection of 30.1
in. (765 mm), the post assembly had absorbed 120.0 kip-in. (13.6 kJ) of energy.

Damage to the test article consisted of plastic bending of the post at groundline and
concrete cracking. The foundation experienced concrete shear cracking on the back side of the
foundation, similar to the previously tested 12-in. (305-mm) diameter foundations. However, the
concrete on the back edge of the foundation did not fracture away as seen previously. Time-

sequential and post-impact photographs are shown in Figure 37.
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Figure 36. Force vs. Deflection and Energy vs. Deflection, Test No. HTCB-11
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Figure 37. Time-Sequential and Post-Impact Photographs, Test No. HTCB-11
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6.3.1 Test No. HTCB-17 (Design M)
Test no. HTCB-17 was conducted on February 26, 2014 at approximately 2:10 p.m. The
weather conditions, as per the National Oceanic and Atmosphere Administration (station

14939/LNK), were reported and are shown in Table 12.

Table 12. Weather Conditions, Test No. HTCB-17

Temperature 31°F
Humidity 40%
Wind Speed 23 mph
Wind Direction 230° From True North
Sky Conditions Clear
Visibility 10 Statute Miles
Pavement Surface Dry
Previous 3-Day Precipitation 0.04 in.
Previous 7-Day Precipitation 0.27 in.

During test no. HTCB-17, the bogie impacted the S3x5.7 (S76x8.5) steel post 11 in.
(279) above the groundline and at a speed of 20.8 mph (33.5 km/h), causing strong-axis bending
in the post. Upon impact, the foundation assembly began to rotate through the soil, and a plastic
hinge formed in the post at groundline. By 0.040 seconds after impact, the foundation assembly
reached a maximum dynamic deflection of 1.2 in. (30 mm). The post continued to bend over
until the bogie head overrode the top of the post at 0.108 seconds. The top of the concrete
foundation had permanently displaced % in. (16 mm) laterally during the impact event, as
determined from post-test measurements.

Force vs. deflection and energy vs. deflection curves created from the SLICE-1
accelerometer data are shown in Figure 38. Initially, inertial effects resulted in a peak force over
the first few inches of deflection. After a short decrease, the force rebounded to a maximum of

17.7 kips (78.8 kN) at 3.4 in. (86 mm) of deflection. Following the maximum peak, the force
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gradually decreased until approximately 14 in. (356 mm) of deflection. The force remained
below 5 kips (22 kN) for the remainder of the impact event. At the maximum deflection of 33.9
in. (861 mm), the post assembly had absorbed 141.6 kip-in. (16.0 kJ) of energy.

Damage to the test article consisted of plastic bending of the post at groundline. The
concrete foundation remained whole and free of cracks. Only minor scrapes resulting from
contact with the post were observed on the top surface of the foundation. Time-sequential and

post-impact photographs are shown in Figure 39.
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Figure 38. Force vs. Deflection and Energy vs. Deflection, Test No. HTCB-17
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Figure 39. Time-Sequential and Post-Impact Photographs, Test No. HTCB-17
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6.3.1 Test No. HTCB-18 (Design L)
Test no. HTCB-18 was conducted on February 26, 2014 at approximately 4:30 p.m. The
weather conditions, as per the National Oceanic and Atmosphere Administration (station

14939/LNK), were reported and are shown in Table 13.

Table 13. Weather Conditions, Test No. HTCB-18

Temperature 36° F
Humidity 34%
Wind Speed 20 mph
Wind Direction 260° From True North
Sky Conditions Clear
Visibility 10 Statute Miles
Pavement Surface Dry
Previous 3-Day Precipitation 0.04 in.
Previous 7-Day Precipitation 0.27 in.

During test no. HTCB-18, the bogie impacted the S3x5.7 (S76x8.5) steel post 11 in.
(279) above the groundline and at a speed of 20.3 mph (32.7 km/h), causing strong-axis bending
in the post. Upon impact, the foundation assembly began to rotate through the soil, and a plastic
hinge formed in the post at groundline. By 0.040 seconds after impact, large foundation
displacements caused the soil behind the foundation to heave. At 0.070 seconds, the foundation
had reached a deflection of 5 in. (127 mm), and the foundation was continuing to rotate.
However, continued motion of the foundation was blocked from view by the bogie wheels and
displaced soil. The post continued to bend over until the bogie head overrode the top of the post
at 0.138 seconds. The top of the concrete foundation had permanently displaced approximately 6
in. (152 mm) laterally during the impact event, as determined from post-test measurements.

Force vs. deflection and energy vs. deflection curves created from the SLICE-1

accelerometer data are shown in Figure 40. Initially, inertial effects resulted in a peak force over
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the first few inches of deflection. After a short decrease, the force rebounded to a maximum of
18.7 kips (83.2 kN) at 3.3 in. (84 mm) of deflection. Following the maximum peak, the force
gradually decreased until approximately 15 in. (381 mm) of deflection. The force remained
below 5 kips (22 kN) for the remainder of the impact event. At the maximum deflection of 35.9
in. (912 mm), the post assembly had absorbed 172.4 kip-in. (20.7 kJ) of energy.

Damage to the test article consisted of plastic bending of the post at groundline, excessive
foundation deflection, and significant soil displacements. Aside from the large displacements, the
concrete foundation remained whole and free of cracks. Time-sequential and post-impact

photographs are shown in Figure 41.
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0.100 sec
Figure 41. Time-Sequential and Post-Impact Photographs, Test No. HTCB-18
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6.4 Strong-Soil Testing Discussion

The results from the bogie testing matrix are summarized in Table 14. Force vs.
deflection and energy vs. deflection comparisons for all four tests are shown in Figures 42 and
43, respectively. All four tests resulted in similar force vs. deflection plots, with peak forces
occurring between 3 in. and 6 in. (76 mm and 152 mm), followed by decreased force magnitudes
until the bogie overrode the posts. Interestingly, the two tests that resulted in excessive
foundation displacement, test nos. HTCB-10 and HTCB-18, absorbed more energy than their
similar-sized foundation counterparts. Since the posts yielded in all four tests, this increase was
attributed to the energy required to displace the soil surrounding these foundations.

The first two tests, test nos. HTCB-10 and HTCB-11, were conducted on heavily
reinforced 12-in. (305-mm) diameter foundations with various embedment depths. During test
no. HTCB-10, an embedment depth of 30 in. (762 mm) resulted in a permanent displacement of
2.2 in. (56 mm), which exceeded the limit of 1 in. (25 mm). Thus, 30 in. (762 mm) was too
shallow to resist excessive displacements, and the deeper foundation embedment depth was
selected for further testing. Test no. HTCB-11 with a 36-in. (914-mm) deep foundation resulted
in only 0.8 in. (20 mm) of foundation movement. Subsequently, 36 in. (914 mm) was deemed the
minimum embedment depth required to prevent excessive displacements for a 12-in. (305-mm)
diameter foundation installed in strong soil.

Although a heavier reinforcement configuration was utilized in Designs J and K, damage
to both 12-in. (305-mm) diameter foundations was similar to that experienced during the first
round of component testing conducted in weak soil. Test no. HTCB-11 on Design K did not
result in concrete fracture on the back side of the foundation, but the concrete cracked along the
same shear plane where failure occurred in the other foundations. Thus, the Design K foundation

was very near fracture. From these results, it was determined that neither the increased internal
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steel reinforcement, nor the increased strength of the surrounding soil, could provide enough
confinement to the concrete foundation to prevent shear cracking and fracture of 12-in. (305-
mm) diameter foundations.

Test nos. HTCB-17 and HTCB-18 were conducted on concrete foundations with 15-in.
(381-mm) diameters. During test no. HTCB-17, the 30-in. (762-mm) embedment depth of
Design M provided enough resistance to limit the foundation displacement to % in. (16 mm).
However, test no. HTCB-18 on Design L with an embedment depth of 24 in. (610 mm) resulted
in an excessive foundation displacement of 6.0 in. (152 mm). Subsequently, 30 in. (762 mm) was
deemed the minimum embedment depth required to prevent excessive displacements for a 15-in.
(381-mm) diameter foundation.

Contrary to previous test results, Designs L and M were not damaged during testing. The
15-in. (381-mm) diameter concrete foundations remained intact and free of cracks after both
tests. Increasing the foundation diameter by 3 in. (76 mm) provided enough increase to the
concrete area through the shear fracture plane to prevent failure/cracking. As such, the
probability of concrete damage is minimized for foundations with diameters of at least 15 in.
(381 mm). Although Design N, with an 18-in. (457-mm) diameter, was never tested, its
increased diameter would only further strengthen the foundation and, thus, could also be utilized
if so desired.

It should be noted that the cracking and fracture of the top-back corner of the smaller-
diameter foundations would not necessarily require replacement. The sockets themselves were
not damaged or excessively rotated, so the foundations could be reused. Thus, a 12-in. (305-mm)
diameter foundation may still be implemented if there is little concern about this type of concrete
damage occurring after severe impacts. However, repeated impacts to a foundation would lead to

further damage and eventually compromise the structural integrity of the foundation.
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Table 14. Dynamic Testing Summary, Foundations Installed in Strong Soil

Average Force Permanent
. Embed. | Impact i Peak Total ;
Test Desi Dla'meter Depth | Velocity Kips (kN) Force | Energy Foundat_lon Foundation
No. esign in. in. mph Kips | Kip-in. Defl_ectlon Damage
MM mmy | kmmy | @107 | @157 1@20" |y | (k) n.
(mm)
concrete
12 30 206 | 108 | 83 | 68 | 207 | 1496 2.2 ;
HTCB-101 - J (305) | (762) | (33.2) | (48.0) | (36.9) | (30.2) | (92.1) | (16.9) (56) C“’}‘;';(':rt‘grgnd
HTCB-11 K 12 36 20.0 9.3 7.1 55 17.9 120.0 0.8 concrete
(305) | (914) | (322) | (41.4) | (316) | (245) | (79.6) | (13.6) (20) | shear cracking
15 30 20.8 86 | 68 | 58 | 177 | 1416 0.6
HTCB-17| M 3g1y | (762) | (335) | (38.3) | (30.2) | (25.8) | (78.7) | (16.0) |  (15) None
15 24 203 | 115 | 95 | 81 | 187 | 1724 6.0
HTCB-18 | L @81) | (610) | (327) | (5L2) | (423) | (36.0) | (832) | (195) | (152) None

GT-€62-€0-dd.L "'ON Hoday 4SHMIA

GTO0Z '8z 11dy



9.

Force vs. Deflection
25

Foundation Testing in Strong Soil

20

15
N

—HTCB-10 (Design J)
HTCB-11 (Design K)

——HTCB-17 (Design M)

—HTCB-18 (Design L)

o
S

Force (kips)

o
o—
=
o—
[y
[,

N
(=]

Deflection (in.)

Figure 42. Force vs. Deflection, Foundations Installed in Strong Soil

GT-£62-£0-dY.L "ON Hoday 4SHMW

GTO0Z '8z 11dy



LL

180

160

140

120

[y
[=]
o

Energy (kip-in.)
o]
o

60

40

20

Foundation Testing in Strong Soil

Energy vs. Deflection

—_— e

A

_—
//\

///

—HTCB-10 (Design J)

/

HTCB-11 (Design K)
—HTCB-17 (Design M)

——HTCB-18 (Design L)

10

15 2

0 2

Deflection (in.)

5 30 35

40

Figure 43. Energy vs. Deflection, Foundations Installed in Strong Soil

GT-€62-€0-dd.L "'ON Hoday 4SHMIA

GTO0Z '8z I1dy



April 28, 2015
MwRSF Report No. TRP-03-293-15

7 DESIGN DETAILS - ROUND 3, ASPHALT

Some cable barrier systems are placed within asphalt mow strips to prevent maintenance
crews from having to cut the vegetation under the cables and around the posts. Mow strips
provide significant strength increases to socketed foundations in which they encase. Reducing
the propensity for displacement and concrete cracking allows for the use of smaller and weaker
post foundations. Thus, it was desired to conduct component testing on socketed foundations
placed within an asphalt mow strip. Design drawings for the socketed foundations evaluated in
combination with a 4-in. (102-mm) thick asphalt pad are shown in Figures 44 through 48, and
photographs of the test installations are shown in Figure 49. Material specifications, mill
certifications, and certificates of conformity for the reinforced concrete, socketed foundations are
shown in Appendix A.

Two different socketed foundation designs were fabricated to evaluate performance in
combination with asphalt mow strips (only one was actually tested). Both designs had 12-in.
(305-mm) diameters and the same internal reinforcement pattern (with a ¥%-in. (6 mm) difference
between the transverse steel spacing due to continuity within the socket height). However,
Design O had an embedment depth of 30 in. (762 mm), while Design P had an embedment depth
of 36 in. (914 mm).

The S3x5.7 (S76x8.5) steel post and the HSS 4-in. x 4-in. X ¥%-in. (HSS 102-mm x 102-
mm X 6-mm) steel tube socket remained the same as those used in the previous two rounds of
component testing. Additionally, the minimum concrete strength remained at 3,500 psi (24
MPa). Cylinder testing revealed the actual strength of the concrete was 4,800 psi (33 MPa).

Although two foundation designs were fabricated for testing Round 3, only one was

actually impacted. After conducting testing on Design O and achieving successful results, the
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increased embedment depth of Design P was deemed unnecessary. Thus, Design P was not

evaluated through dynamic bogie testing.
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N . : Embedment Depth Speed Angle
Test No. Design Soil Type Impact Height "EMB” P mph p[ekm/h] (deg?ees)
HTCB—19 0 w108 phalt 11" [279] 30" [762] 20 [32.2] 90 (Strong Axis)
HTCB—20 Standagrd Strong Soil » ” :
(Pt P RS g 11" [279] 36" [914] 20 [32.2] 90 (Strong Axis)
PRI R | WA -~ W
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e i @ deeppareo of asphalt. Auggle‘IZQ [305] [diomélter r?oles in cEs halt and soil to[ ]
i required depths; place in_rebar cage and socket, and fill with concrete.
I
| == | r (3) Attach a 3/4" [19.1] thick Neoprene pad to the front of the bogie impact head.
(4) 1f 30" [762] deep foundation is successful, the 36" [914] deep foundation will not
be tested.
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Figure 44. Bogie Testing Matrix and Setup, Test No. HTCB-19
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Note:
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Figure 45. Foundation Configurations, Test No. HTCB-19
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Figure 46. Reinforcement Details, Test No. HTCB-19
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Design O Bill of Materials

Item No. QTY. Description Material Spec
al 1 Concrete Shaft, 30" [762] Long Min 3500 psi [24 MPa] Compressive Strength
a2 7 #4 Circular Rebar, 8" [203] ID Gr. 60
a3 4 #4 Rebar, 27" [686] Long Gr. 60
a4 1 4x4x1/4" [102%x102x6] Steel Plate ASTM A36
a5 1 HSS 4x4x1/4” [HSS 402x102x6.4], 16" [406] Long ASTM A500 Grade B
ab 1 S3x5.7 [S76x8.5],49"[1245] Long ASTM A572 Gr. 50, ASTM A992, ASTM A209 Gr. 50
a7 1 5'x10'x4” [1524x3048xﬁ3-]—l\spholt 52 — 34 Grade Binder
Design P Bill of Materials
ltem No. QTY. Description Material Spec
a2 8 #4 Circulor Rebar, 87"[203] ID Gr. 60
" 4x4x1/4" [102x102x6] Steel Plate ASTM A36
ab 1 HSS 4x4x1/4" [HSS{102x102x6.4], 16" [406] Long ASTM A500 Grade B
ab 1 S3x5.7 [S76x8.5)], 49" [1245] Long ASTM A572 Gr. 50, ASTM A992, ASTM A209 Gr. 50
a7 1 5'x10'x4” [1524x3048x102] Asphalt 52 — 34 Grade Binder
b1 Concrete Shaft, 36" [914] Long Min23500 psi [24 MPa] Compressive Strength
b3 4 #4 Rebar, 33" [838] Long Gr. 60
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Foundation — Asphalt
Tests

Bill of Materials
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DWG. NAME.
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ISCALE: 1:32
UNITS: In[mm] |SKR/KAL

Figure 48. Bill of Materials, Test No. HTCB-19
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Figure 49. Test Installation, Test No. HTCB-19
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8 COMPONENT TESTING — ROUND 3, ASPHALT

8.1 Purpose

The project sponsors desired to investigate the effects of encasing post foundations within
asphalt mow strips. Thus, Round 3 dynamic component testing was conducted with the
foundations placed within a 4-in. (102-mm) thick asphalt mow strip. During Round 3 testing, the
embedment depth of the foundations was to be varied in order to determine the minimum depth
required to prevent excessive displacements greater than 1 in. (25 mm). Additionally, the testing
would evaluate whether the asphalt surrounding the foundations would prevent concrete shear
cracking on the back side of the foundation.
8.2 Scope

One bogie test was conducted on an S3x5.7 (S76x8.5) steel post inserted into a reinforced
concrete, socketed foundation installed within a 4-in. (102-mm) thick asphalt mow strip. The soil
below the asphalt was classified as an AASHTO Grade B soil [7], but it was not compacted to
the strength that was used during Round 2 testing. Test no. HTCB-19 was conducted on a
socketed foundation with a diameter of 12 in. (305 mm) and an embedment depth of 30 in. (762
mm). The target impact conditions were an impact height of 11 in. (279 mm), a speed of 20 mph
(32 km/h), and an angle of 90 degrees, creating a classic “head-on” impact with the strong axis
of the post. The test matrix is shown in Table 15.

As described in Chapter 7, two socketed foundation designs were fabricated for
evaluation during Round 2 component testing. However, after a successful test with limited
displacement was observed with Design O, testing with the larger configuration, Design P, was

deemed unnecessary.
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Table 15. Bogie Testing Matrix, Foundation in Asphalt

Impact | Impact | | Embed. Fgl_mdation
Test : : Height Speed Depth lameter
No. Design | Soil Type in mph A(\jrégle in. in.
(mm) | (km/h) g (mm) (mm)
4 Asphalt
over 11 20 30 12
HTCB-19 | O | aasHTO | (279) | (32 N | (762 (305)
Grade B

8.3 Asphalt Pad Test Results

Through component testing, the performance of the socketed foundation was evaluated in
terms of both structural integrity and displacement of the foundation within an asphalt pad. A
foundation system had to resist the impact loads without fracture to be deemed adequate.
Additionally, the researchers desired to limit the displacements of the foundation to less than 1
in. (25 mm), as measured at groundline. The combination of these criteria would ensure that a
socketed foundation could be reused in the same system without repairs or resetting.

Accelerometer data was used to find the resistance force supplied by the S3x5.7
(S76x8.5) 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 post. These forces and displacements
did not directly reflect the force applied to the top of the foundation or the displacement of the
foundation. However, the recorded forces can be used to indicate approximate force magnitudes
imparted to the socket. Individual results for all accelerometers utilized during the test are shown
in Appendix B. Due to the plastic deformation of the post, foundation displacements were

measured from the high-speed video and post-test field measurements.
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8.3.1 Test No. HTCB-19 (Design O)
Test no. HTCB-19 was conducted on May 20, 2014 at approximately 2:00 p.m. The
weather conditions, as per the National Oceanic and Atmosphere Administration (station

14939/LNK), were reported and are shown in Table 16.

Table 16. Weather Conditions, Test No. HTCB-19

Temperature 83°F
Humidity 49%
Wind Speed 16 mph
Wind Direction 50° From True North
Sky Conditions Partly 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-19, the bogie impacted the S3x5.7 (S76x8.5) steel post 11 in.
(279) above the groundline and at a speed of 22.0 mph (35.4 km/h), causing strong-axis bending
in the post. Upon impact, the foundation assembly began to translate back, and a plastic hinge
formed in the post at groundline. The foundation reached a maximum dynamic deflection of 0.3
in. (8 mm) at 0.028 seconds. The post continued to bend over until the bogie head overrode the
top of the post at 0.096 seconds after impact. The top of the concrete foundation permanently
displaced 0.3 in. (8 mm) laterally during the impact event, as determined from video analysis.

Force vs. deflection and energy vs. deflection curves created from the SLICE-1
accelerometer data are shown in Figure 50. Inertial effects resulted in a quick peak force over the
first few inches of deflection. After a brief decrease, the force rebounded to a maximum of 14.8
kips (65.9 kN) at 3.7 in. (94 mm) of deflection. Following the maximum peak, the force quickly

decreased to near zero at approximately 8 in. (203 mm) of deflection. The force remained below

88



April 28, 2015
MwRSF Report No. TRP-03-293-15

5 kips (22 kN) for the remainder of the impact event. At the maximum deflection of 31.0 in. (787
mm), the post assembly had absorbed 112.1 Kip-in. (12.7 kJ) of energy.

Damage to the test article consisted of only plastic bending of the post at groundline. The
foundation experienced no visible damage. Note, the concrete spalling on the top-left side of the

foundation had occurred during installation. Time-sequential and post-impact photographs are

shown in Figure 51.
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Figure 51. Time-Sequential and Post-Impact Photographs, Test No. HTCB-19
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8.4 Asphalt Pad Testing Discussion

The bogie testing results from a foundation installed within asphalt mow strips are
summarized in Table 17. As anticipated, the asphalt pad significantly increased the foundation’s
resistance to displacement. During test no. HTCB-19, the 30-in. (762-mm) deep foundation
limited permanent set displacements to 0.3 in. (8 mm), well within the 1-in. (25-mm) limit.
Additionally, the asphalt acted as a bearing surface for the top of the foundation and prevented
concrete shear cracks from forming. In comparison, test no. HTCB-10 was previously conducted
on the same size foundation installed in strong soil, but resulted in 2.2 in. (56 mm) of
displacement and concrete fracture on the back side of the foundation. Due to the success of the
30-in. (762-mm) foundation design, the 36-in. (914-mm) deep foundation, Design P, was
deemed overly conservative and, therefore, it was never tested.

The test article for test no. HTCB-19 was fabricated prior to installation. A hole was
cored in the asphalt mow strip, and the socketed foundation was dropped into place. This
installation method resulted in a small gap between the outside of the foundation and the
surrounding asphalt and was determined to be the critical installation method. The socketed
foundations may also have been constructed utilizing two other methods: (1) inserting the steel
components and pouring concrete directly into a cored hole in the asphalt/ground and (2)
inserting the foundation into the soil (leaving the top above the groundline) and then laying the
asphalt around the foundation. Either of these two alternative installation practices would result
in the elimination of the gap between the concrete and asphalt surfaces, and the foundation’s
resistance to displacements should be even stronger. Thus, all three of the installation methods
described here are acceptable for system construction.

The asphalt mow strip utilized during test no. HTCB-19 was 4-in. (102-mm) thick and 4-

ft (1.2-m) wide. In order to maintain stiffness and strength, these dimensions shall be the
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minimum allowable for real-world system installations. Of course, thicker and/or wider asphalt
pads would be acceptable. Similarly, a concrete mow strip would also be acceptable for use with
the socketed foundations. Finally, due to a lack of further component testing on foundations
installed within pavements, the minimum embedment depth for a foundation should be 30 in.

(762 mm) regardless of soil strength below the asphalt.
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Table 17. Dynamic Testing Summary, Foundation Installed in Asphalt

Average Force Permanent
. Embed. | Impact i Peak Total ;
Test Desi Dla'meter Depth | Velocity Kips (kN) Force | Energy Foundat_lon Foundation
No. esign in. in. mph Kips | Kip-in. Defl_ectlon Damage
MM mmy | mmy | @107 @15 | @207 | gy | (k) n.
(mm)
12 30 22.0 7.9 6.4 5.2 14.8 112.1 0.3
HTCB-191 O 305) | (762) | (35.4) | (35.1) | (285) | (23.1) | (65.8 | (12.7) ®) None
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9 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
9.1 Summary and Conclusions

The objective of this research project was to develop a socketed foundation for use with
S3x5.7 (S76x8.5) posts. The new socketed foundation was required to remain undamaged 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.

A total of ten dynamic component tests were conducted on various reinforced concrete
foundation configurations in three separate rounds of testing. Each round of testing was
characterized by one of three surrounding soil conditions: weak soil, strong soil, and asphalt pad.
Testing in various soils was desired in order to understand the effects that in situ conditions have
on foundation performance. Each component test was conducted with a bogie vehicle impacting
the post at a height of 11 in. (279 mm) to represent impacts from small car bumpers, except for
test no. HTCB-5 which had an impact height of 15 in. (381 mm).

Round 1 testing consisted of five bogie tests conducted on socketed foundations installed
in a weak, sandy soil. 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. However,
the internal steel configurations varied between each foundation design evaluated. During the
tests, the S3x5.7 (S76x8.5) posts bent over, and the foundations rotated backward slightly. An
embedment depth of 60 in. (1,524 mm) was determined to be the minimum depth required to
resist excessive displacements for 12-in. (305-mm) diameter foundations in weak soil. However,
concrete shear cracks formed on the top-back side of each foundation and caused a wedge-
shaped piece of concrete to fracture off. Due to the already extensive steel reinforcement within

the foundations, it was determined that the concrete foundation would have to be externally
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confined, or the diameter would have to be increased, to prevent concrete shear fractures during
severe impact events.

Round 2 testing consisted of four bogie tests conducted on socketed foundations installed
in a stiff, strong soil. The first two tests involved heavily reinforced, 12-in. (305-mm) diameter
foundations, similar to those utilized during Round 1 testing. From these tests, it was determined
that a minimum embedment depth of 36 in. (914 mm) was required to prevent excessive
displacements in strong soil. Unfortunately, the concrete shear cracking and fracture observed
during Round 1 continued during Round 2 testing in the strong soils.

The second two tests of Round 2 were conducted on 15-in. (381-mm) diameter
foundations with reduced internal steel compared to the previous designs. The increased cross-
sectional area and concrete shear strength resulted in both foundations being free of cracking
and/or fracture after the tests. Additionally, 30 in. (762 mm) was found to be the minimum
embedment depth required to prevent excessive displacements.

Since the 15-in. (381-mm) diameter foundations were not evaluated in weak soil, the
recommended embedment depth for Option 2 in weak soil was determined through additional
analysis. When comparing 12-in. (305-mm) diameter tests from both Round 1 and Round 2
component testing, the weak soil strength was found to be 36 percent of the strong soil strength.
Using this relation with the common assumption that soil resistance to post rotation is related to
the square of the embedment depth, a 50-in. (1,270-mm) embedment depth was conservatively
estimated for the 15-in. (381-mm) diameter foundation in weak soils.

Round 3 testing consisted of one bogie test conducted on a 12-in. (305-mm) diameter
foundation encased within a 4-in. (102-mm) thick asphalt mow strip. The asphalt proved to be

stiff enough to support the concrete on the back side of the foundation, as no visible damage was
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observed to the foundation or the asphalt mow strip after the test. A minimum embedment depth
of 30 in. (762 mm) was found to prevent excessive foundation displacements.
9.2 Recommendations

After the results of the component testing program were presented, some project sponsors
noted a desire to utilize a 12-in. (305-mm) diameter foundation and accept the risks of concrete
fracture on the back side of the foundations during the rare occurrence of a severe impact event.
However, other project sponsors wished to have a socketed foundation design that would remain
free of damage, even in the event of a severe impact. Therefore, three socketed foundation design
options are recommended for use: (1) a 12-in. (305-mm) diameter foundation; (2) a 15-in. (381-
mm) diameter foundation; and (3) a foundation for use within mow strips. Final design details
for these socketed foundations for use with S3x5.7 (S76x8.5) posts are shown in Figures 52
through 57.

Testing within various soil conditions proved that foundation performance was highly
related to the surrounding soil strength. As such, the depth of the recommended foundation
design is variable and should be determined based on the soil conditions at the installation site.
In addition, a foundation must also extend beyond the frost line of the specific installation site to
prevent frost heave. Thus, the proper embedment depth of a socketed foundation is based on the
selected design option, the soil conditions, and the depth to the frost line, as shown by the chart
in Figure 52. Note, the top portions of each design option should remain as detailed, and only the
bottom hoop reinforcement spacing may change with the various embedment depths.

Upon review of the concrete failures observed during the first and second rounds of
testing, it was noted that the fracture patterns were all the same, regardless of the reinforcement
configuration. All of the concrete cracks occurred behind the socket tube and above the

uppermost steel hoop. The additional reinforcement added to strengthen the foundations as the
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testing program continued did little to prevent the concrete shear cracks. Therefore, the
reinforcement recommended for Option 1 has a reduced number of steel bars in comparison to
the tested 12-in (305-mm) foundation designs. Additionally, the concrete clear cover for all rebar
was decreased from 2 in. (51 mm) to 1% in. (38 mm) to strengthen the foundation against shear
cracking.

The Option 3 design was developed utilizing a 4-in. (102-mm) thick by 4-ft (1.2-m) wide
asphalt mow strip. Option 3 foundations should only be installed within mow strips of equal or
greater strength. Thus, asphalt mow strips should be at least 4 in. (102 mm) thick, and there
should be a minimum of 18 in. (457 mm) between the edge of the foundation and the edge of the
asphalt mow strip. Since concrete is stronger than asphalt, utilization of Option 3 foundations
within a concrete mow strip is acceptable.

These socketed foundations were developed to support any guardrail system utilizing
S3x5.7 (S76x8.5) support posts. Posts with increased size and strength may require increased
embedment depth, increased diameters, increased reinforcement, and/or a larger socket tube. On
the other hand, these foundation details would be applicable to any post with a bending strength
lower than that of the S3x5.7 (S76x8.5) post, given that it fits inside the socket. Reduced-size
sockets would also be allowed, as long as the socket remains in the center of the foundation.

Some guardrail systems are installed within medians and on roadsides with cross slopes,
e.g., cable barriers. If the top of the socketed foundation is not poured to match the surrounding
terrain, it would result in the downslope side of the foundation protruding above the groundline.
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 58. Additionally, this
configuration ensures that the post and cables remain at the correct height. Casting the

foundation on-site to match the surrounding terrain would also be acceptable.
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Option 1: 12" [305] Dia. in Soil
Item No. Qry. Description Material Specifications
a6 1 S3x5.7 [S76x8.5], 49" [1245] Long ASTM A572 Gr. 50, ASTM A992, ASTM A209 Gr. 50
ab 1 HSS 4x4x1/4" [HSS 102x102x6.4], 16" [406] Long ASTM A500 Grade B
a4 1 4x4x1/4" [102x102x6] Steel Plate ASTM A36
b3 4 #4 Rebar, 33" [838] Long Gr. 60
a2 VAR. #4 Circular Rebar, 8" [203] ID Gr. 60
b1 1 Concrete Shaft, 36" [914] Long Min 3500 psi [24 MPa] Compressive Strength
Option 2: 15" [381] Dia. in Soil
Iltem No. QTY. Description Material Specifications
a6 1 S3x5.7 [S76x8.5], 49" [1245] Long ASTM A572 Gr. 50 / ASTM A992 / ASTM A209 Gr. 50
a5 1 HSS 4x4x1/4" [HSS 102x102x6.4], 16" [406] Long ASTM A500 Grade B
a4 1 4x4x1/4" [102x102x6] Steel Plate ASTM A36
e3 4 #4 Rebar 27" [660] Long Gr. 60
d2 VAR. #4 Circular Rebar 11" [178] ID Gr. 60
el 1 Concrete Shaft 15" [381] Diameter Min 3500 psi [24 MPa] Compressive Strength
Option 3: 12" [305] Dia. in Asphalt
Item No. QrY. Description Material Specifications
al 1 Concrete Shaft, 30" [762] Long Min 3500 psi [24 MPa] Compressive Strength
a6 1 S3x5.7 [S76x8.5], 49" [1245] Long ASTM AS572 Gr. 50, ASTM A992, ASTM A209 Gr. 50
a5 1 HSS 4x4x1/4" [HSS 102x102x6.4], 16" [406] Long ASTM A500 Grode B
a4 1 4x4x1/4"” [102x102x6] Steel Plate ASTM A36
a3 4 #4 Rebar, 27" [686] Long Gr. 60
a2 VAR. #4 Circular Rebar, 8” [203] ID Gr. 60
— | S3x5.7 Post Foundations
Midwest Roodside Bill of Materials
Safety Facility (™= Ff:;‘ el e

Figure 57. Socketed Foundations for S3x5.7 Posts, Bill of Materials
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Figure 58. Placement of Foundation on Slope
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Item No. Description Material Specifications and/or Grade Reference
No. 40 Sieve (51% min. pass)
al  |AASHTO A-3 Sand No. 200 Sieve (10% min. pass) "ill" sand
Plasticity Index (NP)
fine sand

a2 Concrete Min 3500 psi [24 MPa] Comp. Strength R# 11-0421 (Ticket 1139274) 24033000
a3 #4 Circular Rebar 7" [178] ID Gr. 60 R#11-0401 H#M660231 and H#536736
ad #4 Rebar 56" [1422] Long Gr. 60 R#11-0401 H#M660231 and H#536736
a5 HSS 4x4x1/4" [HSS 102x102x6.4], 16" _ A_STM A500 Grad_e B H# SO7068

[406] Long (Min 42 ksi [289.6 MPa] Yield Strength)
a6 Shim Plate ASTM A36 H# V911523
ar 4x4x1/4" [102x102x6] Steel Plate ASTM A36 H# V911523
a8 S3x5.7 [S76x8.5], 49" [1245] Long Min 50 ksi [344.7 MPa] Yield Strength H# G104598/99
a9 #4 Rebar 26" [660] Long Gr. 60 R#11-0401 H#M660231 and H#536736
210 HSS 4x4x1/8" [HSS 102x102x3.2], 16" ASTM A500 Grad_e B (Min 42 ksi [289.6 MPa] H# U03477

[406] Long Yield Strength)

H
S Figure A-1. Bill of Materials, Test Nos. HTCB-5 through HTCB-9
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30" [762] Footer Bill of Materials

Part No. QTY. Part Description Material Specifications Reference
al 1 Concrete Shaft 30" [762] Long Min 3500 psi [24 MPa] Comp. Strength  |R# 12-0357 (Ticket 4132597) 24013000
a2 10 #4 Circular Rebar 7" [178] ID Gr. 60 H# M660231
a3 4 #4 Rebar 26" [660] Long Gr. 60 H# M660231
ad 1 4x4x1/4" [102x102x6] Steel Plate ASTM A36 H# 1042282
a5 1 HSS 4x4x1/4" [HSS 102x102x6.4], 16" ASTM A500 Grade B (Min 42 ksi [289.6
[406] Long MPa] Yield Strength) H# M44182
ab 1 S3x5.7 [S76x8.5], 49" [1245] Long Min 50 ksi [344.7 MPa] Yield Strength  [H# G104598/99
ar’ 2 #4 Rebar 18" [457] Long Gr. 60 H# M660231
24" [610] Footer Bill of Materials
Part No. QTY. Part Description Material Specifications Reference
a2 10 #4 Circular Rebar 7" [178] ID Gr. 60 H# M660231
a4 1 4x4x1/4" [102x102x6] Steel Plate ASTM A36 H# 1042282
a5 1 HSS 4x4x1/4" [HSS 102x102x6.4], 16" ASTM A500 Grade B (Min 42 ksi [289.6
[406] Long MPa] Yield Strength) H# M44182
a6 1 S3x5.7 [S76x8.5], 49" [1245] Long Min 50 ksi [344.7 MPa] Yield Strength  [H# G104598/99
bl 1 Concrete Shaft 24" [610] Long Min 3500 psi [24 MPa] Comp. Strength R# 12-0357 (Ticket 4132597) 24013000
b2 4 #4 Rebar 20" [508] Long Gr. 60 H# M660231
b3 2 #4 Rebar 12" [305] Long Gr. 60 H# M660231
36" [914] Footer Bill of Materials
Part No. QTY. Part Description Material Specifications Reference
a2 10 #4 Circular Rebar 7"[178] ID Gr. 60 H# M660231
a4 1 4x4x1/4" [102x102x6] Steel Plate ASTM A36 H# 1042282
a5 1 HSS 4x4x1/4" [HSS 102x102x6.4], 16" ASTM A500 Grade B (Min 42 ksi [289.6
[406] Long MPa] Yield Strength) H# M44182
a6 1 S3x5.7 [S76x8.5], 49" [1245] Long Min 50 ksi [344.7 MPa] Yield Strength  [H# G104598/99
cl 1 Concrete Shaft 36" [914] Long Min 3500 psi [24 MPa] Comp. Strength R# 12-0357 (Ticket 4132597) 24013000
c2 4 #4 Rebar 32" [813] Long Gr. 60 H# M660231
c3 2 #4 Rebar 24" [610] Long Gr. 60 H# M660231

Figure A-2. Bill of Materials,

Test Nos. HTCB-10 and HTCB-11

GT-€62-€0-dYL 'ON Moday 4SHMIA

GTOZ '8Z |dy



oTT

15" [381] and 18" [4

57] Diameter Foundations: Bill of Materials

Item No. Description Material Specification Reference
al Concrete Shaft 15 [381] Diameter " Min 3500 psi [24 MPa] Compressive Strength Ticket No. 175564
bl Concrete Shaft 18 [457] Diameter " Min 3500 psi [24 MPa] Compressive Strength Ticket No. 175564
a2 #4 Circular Rebar 11 [178] ID " Gr. 60 H# 564780
b2 #4 Circular Rebar 14 [178]ID * Gr. 60 H# 564780
a3 #4 Rebar 27 [660] Long " Gr. 60 H# 57134859
ad 4x4x1/4 [102x102x6] Steel Plate " ASTM A36 N/A
a5 HSS 4x4x1/4 [HSS 102x"102x6.4] 16" [406] Long ASTM A500 Grade B H# R1496
a6 S35.7 [S76x8.5], 49 [1245] Long " ASTMASTZ Gr. 50T ASTM A992/ ASTM A209 Gr H# G104598/99

12" [305] Diameter Foundation in Asphalt: Bill of Materials

Item No. Description Material Specifications and/or Grade Reference
al Concrete Shaft 30" [762] Long Min 3500 psi [24 MPa] Compressive Strength Ticket No. 175564
a2 #4 Circular Rebar 8" [203] ID Gr. 60 H# 564780
a3 #4 Rebar 27" [686] Long Gr. 60 H# 57134859
a4 4x4x1/4" [102x102x6] Steel Plate ASTM A36 N/A
a5 HSS 4x4x1/4" [HSS 102x102x6.4], 16" [406] Long ASTM A500 Grade B H# R1496
a6 S35.7 [S76x8.5], 49" [1245] Long ASTMASTZ Gr. 50/ ASTI A2/ ASTM A209 Gr. H# G104598/99
ar 5'x10'x4" [1524x3048x102] Asphalt 52 - 34 Grade Binder R# 13-0434

Figure A-3. Bill of Materials, Test Nos. HTCB-17 through HTCB-19
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CAUTION
FRESH CONCRETE

Body and or eye contact with fresh (moist)
concrete should be avoided because it con-
tains alkali and is' caustic.

April 28, 2015
MwRSF Report No. TRP-03-293-15

Ready Mixed

Concrete Company

6200 Cornhusker Highway, P.O. Box 29288
Lincoln, Nebraska 68529
Telephone 402-434-1844

TPLANT MIX CODE YARDS TTRUCK DRIVER DESTINATION CLASS TIME [DATE TICKET
01 24033000 1.50 ot12 NTE 10:026MOS/26/11 1139274
| CUstomeR Joe CUSTOMER NAME TAX CODE PARTIAL "NIGHT R LOADS
00003 CIA-—--MRS | 1
DELIVERY ADDRESS ) ) SPECIAL INSTRUCTIONS P.O. NUMBER
4024506250
3590 M =9TH NORTH OF NORTH GODDYEAR HANGER ‘0E4506250 JIM
LOAD CUMULATIVE | oroeren PRODUCT UNIT
QUANTITY "QUANTITY QUANTITY CODE PROOUCT.OESURIRTION PRICE AMOUNT
1.50 1.50 1.50 4033000 |[L4000 TYFE 3 4 .00 98.89 [148.34
MINIMUM HAUL 55.00
o SUBTOTAL
WATER ADDED ON JOB TAX 203 b 34

AT CUSTOMER'S REQUEST GAL RECEIVED BY

TRUCK USER LOGIN DISF TICKET NUM TICKET NUM TICKET ID TIME DATE

) l 392 7; l 6(_) 78E] I | 5 3n [0 X ()E Q)

LOAD SIZE _MIX CODE SEQ LOAD iD
. ¢ v Ea ] 3 30( 0 e

MATERIAL  DESIGN GTY _REGQUIRED _EBATCHED % VAR . 4MOISTURE ACTUAL WAT

N 2090 1b 3220 E % . $ g

L47R 209 1b 1384 1b 1aau 89%  1.50 M 2.44 gl

CEM3 611 1b 916 1b 95 39 4. 56%

FROT 1.20 oz 1.80 oz 2.00 0.20 11.11%

WATER 34.0 GL 40.8 GL 40.7 -0.1 -.25% 40.74 gl

WATER2 0.0 gl # 0.0 97 0.0 0.0 0.00%

NON-SIMULATED  NUM BATCHES

LOAD TOTAL:~ 5893 Tb. DESIEN W/C: 0. 464 WATER/CENENT: 0.4584 DESIGN WATER: 51.0 gl Mwnumm 52.5q1 TOADD: 0.0 gl

SLUNP: 4,00 "F WATER IN TRUCK: 0.0 gl  ADJUST NATER: 0.0 ql /load TRIN MATER: 0.0 gl /yd

ORIGINAL

Figure A-4. Concrete Material Specification, Test Nos. HTCB-5 through HTCB-9
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708 NUMBER 3 NUMBER REQ DELIVERY DATE PAGE
/ Concrete Indusries 800MiSC.  [PATTI11E | 1T
6300 Comhusker Highway JOB HAME <
| Cioln NE 0008.8529 MISC. PROJECT FREE
Phone: (402)434-1800 FAX: (402)434-1892 CUSTOMER g
MIDWEST ROADSIDE SAFETY PKL
| MATERIAL TYPE REFERENCE DRAWING ID [ DESCRIPTION B
Multiple ‘ HIGH TENSION CABLE FOOTING

WEIGHT SUMMARY

[ TOTAL | [ STRAIGHT | LIGHTBENDING | [ HEAVYBENDING |

[sze ] [ mews [ peces J{ s | [(mews [ meces J[ s | [[mews J[eeces §[ tes § [ wews [ eeces J[ s |
Rebar, Grade A706, Black

4 1 2 3 1 2 3 0 0 0 0 (i
1 2 3 1 2 3 0 0 0 0 0 i}

Rebar, Grade 60, Black
4 2 7 166 1 16 53 1 55 113 0 0 0
2 Fal 166 1 1% 53 i 55 113 0 0 0

Tofal Weight: 169 Lbs

Longest Length: 4-11

v7.20.1826 (T) (LIN} o201t ABa  UNAUTHORIZED REPRODUCTION PRONIBITED 412012011 7.19 AM

Figure A-5. Rebar Material Specification, Test Nos. HTCB-5 through HTCB-9
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Page 1 of 1
o . Chemical and Physical Test Report
1] GERDAU AMERISTEEL 4
ST PAUL STEEL MILL MADE IN UNITED STATES

1678 RED ROCK ROAD
ST PAUL MN 55119 USA

CUSTOMER: CONCRETE INDUSTRIES INC

SHAPE + SIZE | GRADE SPECIFICATION [ SALESORDER _ | CUST P.O. NUMBER
X13MM REBAR (#4) | 420 (60) ASTM AB15/A615M-09 GR 60/420 A6/AGM-08A | ]

HEAT I.D. [€C fmn] P S [SI[Cu[ Ni [Cr[Mo[ VN[ N[Sn|[A [T T [Ca2Zn]Co] [ [ | | I T
M660231 | .45 [1.08 | 1007 | 040 | 21 | .31 | .09 | .08 | .032 | .004 | .000 [.0094 | .025 [ .001 |.00000/00110[00300] .007 | ] | ] [ i 1
Mechanical Test: Yield 80000 PSI, 551.58 MPA  Tensile: 121500 PSI, 837.71 MPA ~ %El: 15.0/8in, 15.0/203.2mm Bend: OK DefHT: .035, 89MM %lh -1.5L Red R 155.68 Idl

Diam: 1.76 Corrosion Index: 5.5
Customer Requirements SOURCE: GA-STP CASTING: STRAND CAST
Comment: made in the USA

meil shop heat M102441

This matenial, including the billets, was melted and manufactured in the United THE ABOVE FIGURES ARE CERTIFIED CHEMICAL AND PHYSICAL TEST RECORDS AS CONTAINED IN
States of America THE PERMANENT RECORDS OF COMPANY.

Bhaskar Yalamanchili

M X Quality Director Metallurgical Services Manager
Gerdau Ameristeet s ST PAUL STEEL MILL

Seller warrants that all material furnished shall comply with ificati subjact to d manufacturing varlations, NO OTHER WARRANTIES, EXPRESSED OR IMPLIED, ARE MADE BY THE
SELLER, AND SPECIFICALLY EXCLUDED ARE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

In no event shall seller be Hlable for Indirect, consequential or punitive damages arlsing out of or related to the matenials furnished by seller,

Any claim for damages for materials hat do not conform to specifications must be made from buyer lo seller immediately after delivary of same In order to allow the seller the apportunity o inspact the matarial in
question.

Figure A-6. Rebar Material Test Report, Test Nos. HTCB-5 through HTCB-9
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Bill To: Ship To: 3 Order Date:07/02/2010 CERTIFIED MATERIAL TEST REPORT

CONCRETE INDUSTRIES, INC. CONCRETE INDUSTRIES, INC (REE PO No:83376 GERDAU AMERISTEEL
P.O. BOX 29529 6300 CORNHUSKER HWY Mill Order No:37504%3 Mlglothlan M,lclil
LINCOLN NE LINCOLN NE Load No:131577 300 Ward Roa
68529 us 68521 us Manifest No:2014986 BB ceroau amerisreat Midlothian, TX 76065
(972)775-8241
SIZE GRADE LENGTH PRODUCT
SPECIFICATIONS # 4 REBAR/13 MM / 13 MM a706 60 ET / 18.288 M REBAR
ASTM A706/A706M-09
HEAT NO; 11877680 CHEMICAL ANALYSIS
c Mn P s Si Cu Ni Cr Mo Sn Y Al Nb CE
.25 1.34 .015 .033 299 .25 .10 .11 .027 .011 .031 .002 .000 .5
PHYSICAL PROPERTIES
Yield Strength Tensile Strength Specimen Area Elongation Bend Test ROA
KSI MPa KSI MPa S5q In Sq cm % Gage Length Dia. Result 3
66.5 458.5 91.8 632.9 0.191 1.23 17.3 8In 200 mm 3.0 PASS

(BN
[N
I
All manufacturing processes of this product, including electric arc MELTING and continuous CASTING, occurred in the U.S.A.
CMTR complies with EN 10204 3.1
"1 hereby certify that the contents of this report are correct and accurate. All tests and operations performed by this
material manufacturer or its sub-contractors, when applicable, are in compliance with the requirements of the material
specifications and applicable purchaser designated requirements."
Signede"Joss v« o= - Sccmesaestoe==t—wDate:Jul. 07, 2010  Signed: . Date:
Tom L. Harrington: Quality ASsurance Manager Notary Public (if applicable) g
Page: 1 of
_ e e —

Figure A-7. Additional Rebar Material Test Report, Test No. HTCB-9
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April 28, 2015

MwRSF Report No. TRP-03-293-15

TEST REPORT

Customer Nanmwe:

Customer PO No:

SIOUX CITY FOUNDRY COMPANY

130432 W

AS00-10a/B/C

lfcat No.: S07068 Spee/Grade:

Description: CARBON STEEL TUBING Print Date; 13122011

Size/Length: 4" Square 1/4" Wall 24 Wall Thickness:  0.2500

Carbon (C): 0.2000 Fin(Sn): 0.0040 Vanadium (V): 1L.0010

Manganese {Mn):  0.4100 Nickel (Ni): 0.0300 Columbium (Cbh):  0.0000

Phosphorus (P): 0.0100 Chromium (Cry: 0.0300 Titanium (T1): 0.0010

Sulphur (8): 0.0050 Molybdenum (Mo): 0.0100 Boron (B): 0.0001

Silicon (S1): 0.0250 Aluminum (Aly: 0.0250 Calciom (Ca): 0.0021

Copper (Cu): 0.0900 Nitrogen (N): 0.0085 I(‘arh(m Equiv. (CE): ().28@
Sample Sample Tensile Yield Elongation
Number Date (psi) (psi) (%)
S1.25825 1/19/2011 74,600 68,300 25.00

We hereby certify that the above figures are correct as contained in the records of this company. Tensile
testing (if applicable) is performed according to ASTM A370 and ASTM ES (Yield Strength determined
using 0.2% offset method).

Computer Generated Document

Quality Assurance

Melted & Manufactured in the U.S.A.

STI Pickup No: 12TS017

STI Order No: 224492

STI Item No: 4.0S25024

Figure A-8. Steel Socket Material Specification,l Test Nos. HTCB-5 thrbugh HTCB-7 and

HTCB-9
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TEST REPORT

Costomer Name:  SIOUX CHY FOUNDRY COMPANY
Customer PO No: 131033

leat No.: U03477 SpecGrade: ASO0-10a/B/C

Desceription: CARBON STEEL TUBING Print Date: 1726/201 1

Size/l enpth: 4" Square 1/8" Wall 24' Wall Thickness: — 0.1250

Carbon (C): 0.2100 Tin (Sn): 0.0090 ' Vanadium (V) 0.0010
Manganese (Mn): 0.4100 Nickel (Ni): 00100 | Columbium (Chy: 0.0000
Phosphorus (P): 0.0060 Chromium (Cr): 0.0200 Tianium (Ti): 0.0000
Sulphur (S): 0.0110 Moly bdenum (Mo): 0.0050 ' Boron (B): 0.0001
Silicon (Si): 0.0100 Aluminum (Al (L0280 Caleium (Ca) 0.0000
Copper (Cu): 0.0400 Nitrogen (Nj: 0.0060 ‘ I('au'hnn Equiv. (CE): ().2889]

Sample Sample Tensile Yield Elongation
Number Date (psi) (psi) (%)
SL25809 1/18/2011 69,900 52,300 23.00

We hereby certify that the above figures are correct as contained in the records of this company. Tensile
testing (if applicable) is performed according to ASTM A370 and ASTM E8 (Yield Strength determined
using 0.2% offsct method).

Computer Generated Document
Melted & Manufactured in the U.S.A.

Quality Assurance

STI Pickup No: 01TS007 STI Order No: 226852 ST! ltem No: 4.0S1124

Figure A-9. Steel Socket Material Specificatioh, Test No. HTCB-8
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Page 3 of 4

e Chemical and Physical Test Report
[N . e e—— MADE IN UNITED STATES V-693577
SHIP TO INVOICE TO SHIP DATE
SIOUX CITY FOUNDRY INC SIOUX CITY FOUNDRY NC o412
801 DIVISION STREET ACCTS PAYABLE
800-831-0874 PO BOX 3087 CUST. ACCOUNT NO
SIOUX CITY. 1A 51102 SIOUX CITY. IAS)1102 60044062
PRODUCED IN: JACKSON
SHAPE ~ SI2C GRADE SPECIFICATION SALES OADER TCUST 2.0 NUVBER
TI2X5 A6 ASTM A35-08; ASME SA-36-08, ASTM A709-36-08 102652102 [T32ssaw-02
HEAT | O 4 Me P S | S| Ci| ™ Cr Mo v Nb 8 N Sn Al T 2 Ca |CEqv] | | | | |
V909259 | 8 76 | 00 ] 025 ] 2 | 31 | 08 08 | 020 | 006 [ 001 { 0005 ] 0112] 072 | 002 |.00100[ 000 [00000| 398 | { | | | |
Mecnamcai Test Yao 51600 PSI 35577 MPA  Tensile: 73440 PSI. 506.35 MPA  %EL 28.0/8in, 28./200MM  DetHI- 0, OMM  %IM OL  Hed A 14
Mecnancal Tes: Yea 49990 PSI, 3¢4.67 MPA  Tensiie 72810 PSI, 50201 MPA  %E1 27 5/&n, 27 %200MM  DefHT: 0, OMM  %Ih OL  Red R 14
PRODUCED IN: JACKSON TN ST .
SHAPE + SIZE GRADE SPECIFK:A}GJ / \ \ | SALES ORDER J 0. NUMBER
AZX2X 14 7 . | A ASTM A26.08, ASMF SAN36-08. ASTM A708-36-08, N \ [ 0127748-02 1 129555; :
HEAT 1 D 7 | €Y M [ P SA S | C | N\J C | Mo VY N B N Sn A T 2- Ca Eqv | L~ ] | | |
ﬁn:m7 [ "2 |\6 | 06 | 986 | 19 [ 31 | 09 N .10 | 021 }00a | 002 | 0003 | 0000 1 |.00100] 000 |.00000| W05 | | | | 1 |
cramcaA(Tes: Yoo 49020%G) 337 34 MPA  Tensle 67660 PSI 466 5 MPA—CE 31 0/8n, 31 0200MM  DefHT. 0, OMM  %Uh OL RedR 2881
fcal Test: Y.oic 48430 PSTITI G MPA  Tens le: 67440 PSI. 464.98 MPA  %E/. 30.5/8in, 30 5/200MM  Def HT: 0, OMM  %im 0L Red R 2881
PRODUCED IN: JACKSON TN
SHAPE « SIZE GAADE SPECINCATION | SALES GRDER [CUST P.0. NUMBER
Fya X € A3 ASTM A36-08: ASME SA-36-08, ASTM A709-36-08, C.SA G40 21-98 44W-04 | 1026521-01 | 132890W-01
HEAT 1 O | S M1 P S | s JcCu |~ [C | M v Nb 8 N Sn Al T Zr | Ca |CEqv| | | { | |
V511523 | 3 75 | 074 | 032 | 23 | 32 | 09 | 08 | 022 | 004 | 00) [ 0004 | 0000 | 011 | 001 | 00100 0CO |00000| 324 | | | | | |
Mechamcar Tes:, Yoo 29550 PSL 341 66 MPA  Tensie: 67570 PSI 46547 MPA  %El: 30.0/8n, 30 0/200MM  De!HT: 0, UMM  %Im OL ReaR 35
Mechanica: Test Yieq 48950 PS), 337.5 MPA _ Tensie: 67550 PSI, 46574 MPA  %EL 29.5/80, 29 5/200MM  Def HT' 0, OMM %1 0L Red R 3%
Customer Notes
NO WELD REPAIRVENT PERFORMED. STEEL NOT EXPOSED TO MERCURY
This matena  roiuding 17¢ Cuwis, was meiled and manJfactured in the Uniled THE ABOVE FIGURES ARE CERTIFIEO CHEMICAL AND PHYSICAL TEST RECORDS AS CONTAINED IN THE
States of Amenca PERMANENT RECORDS OF CONPANY

Braskar Yalamanchn

/(4\ &:Q o Qualty Directar 3 H%ﬁ‘ & Melallurgca Services Manager
T O
Geroau Armensteel s Sra———) b JACKSON STEELVILL
o

Seilar warams N2l as malena: 'urnshec snad comply with specdcanons suoject 10 slaraard pubiished manutaciunng vanatons. NO OTHER WARRANTIES, EXPRESSED OR IMPLIED, ARE MADE BY THE
SELLER, AND SPECIFICALLY EXCLUDED ARE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE

In 73 event snat serler be (asie for nowrect, of puniive ages ansing oul ¢! of related (o 1he maiena's furmsheo Dy seller

Any clanT for Car ages I T alena's ™al 8o nol contonm 12 speclicabons must oe made 17om buyer to seile: immegialely afier delivery of same n order 10 allow the selier he cpportunity to inspect he matena in
queston

. N I -
Figure A-10. Steel Plate Material Specification, Test Nos. HTCB-5 through HTCB-9
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§6/02/2003 14:43 314-851-3336 TUBLLAR STEEL INC PAGE @1
©5/66/2083 13:49 3148519338 TUBLLAR STEEL ING PAGE 92
05/04/2009 NON 18:24 PAX @004/003
8.} Ine. . ef.B/L: 340207
?g%;%bu.ue(g s'.);,"" ate: 8&042809
zlg;y%nh, Michigan, USA Customer: 193
Tol:  313-454-5600 ﬁ”
Fax: 3134541474 Dg
Sold TugeE 5
Sold to : Shi t
MATERIAL TEST REPORT =nnpec 1o
}'%%méxif:%etlive Parkway ;53161% ?teal |.ane
'0ison
BIAOUIS MO 83781 HAZELWOOD MO 63141

Materisl: 5.0x4.0x375x40°070{3x3). Matorlal No: 500403754000 Made In: Csnade '

Sales order: 456681 Purchase Order: PO-007724 ‘

Hoat No c M P s si Al cu cb Mo Ni cr v T !

756227 008C 0580 0010 ©0.006 0012 0036 003 0034 0003 0011 0031 0000 0002

Bundis No Yiotd Tensie Ein.2in Certification ce: 0.7 : b,
#1100863734 Q73280 Psi 079930 Psi__24.8 % ASTM A500-07 GRADE B&C _.,'-‘(\

;ﬁ.‘a:ﬂll Nm:. D’.‘q ‘

Mateorial: 5.0x4.0x375x40'0"0(3x3), Material No: 500403754000 Made n: Caneda

Sales order: 483681 Purchase Order: PO-007724

Heat No c Mn P s 8f Al Cu oh Ho Ni Cr v
756227 0.060 0.580 0010 0006 0013 0038 0038 0.034 0003 0011 0,031 0000
Bundlo No Yeeld Tenshle Eln.2in Certification CE:
M10D863733 073280 Psi 079930 Pst 248 % ABTM AB00-07 GRADE B&C

Matoried Note:
Nots:

Material: 18,0x4.0x313x48'0"0{ x4}, Matarlel No: 1600403134800 Mads In: Cenada g
Sales order: 488681 Purchase Order: PO-007724 i
Host No ¢ M P s i Al Cu b Mo  Ni cr v n i
765882 0.080 0570 0.007 0.004 0018 0035 0028 0035 0003 0010 0.024 0000 0.002 i
Bundle No Yietd Tenslle Ein.2in Certification CE: 0.7
M200669423 0B8B30 Psi 076080 Pai  26.9 % ASTM A500-07 GRADE B&C
Materiat Note: f
Sales Or.Note: i
Material; 2.0x1.0x188x24°0°0(€x8).-D Moteriat No:  0200101882400-D  Made b USA |
Melted & Manufactursd in USA i
Sales order: 484202 Purchass Order: PO-007662 :
Heat No c Mn 4 s Si Al Cu tb Mo ] Cr v m
DBD150 0.780 0780 0011 0.007 0016 0051 0020 0.000 0004 0010 0020 0001 0.001 |
{
Bundle Ko Yield Tensite En.2in Certification CE: 030 i
MSOM:Q,‘" Q70460 Psl Q77448 Psi 233 % ASTM AB00-07 GRADE B&C i
Matorlal Note:

Sales Or.Note:

Authorized by Ouatity Aesurance: 427 (..

The resuits reported on this roport reprecant the actual stirfbutes of the matorial furnfshed and indicate full compBance with 211 applicabls
spacification end contrsot requirements.

CE caloulated using the AWS D1.7 method.

smbe Poge 1201 3 €8 Metals Service Center insttate |

!
N r I !
&/ OF MOKTR AMERICA i

|

i

TORE S x4 w3/8

Figure A-11. Steel Material Specification, Test Nos. HTCB-10 and HTCB-11
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old to
SIOUX CITY FOUNDRY
S‘S?\UX CITY IA 51102

MWwRSF Report No

\E);)S ‘F ) gag\Q—/\‘k\S

C—Z\ZO(L

MATERIAL TEST REPORT

Shipped to

Sioux City Foundry
801 Division Street
SIOUX CITY IA 51105
USA

Material: 4.0x4.0x250x24'0"0(5x4).

Sales order: 705500

Material No: 400402502400

Purchase Order: 140572W
il L

Made in: USA
Melted in: USA

Heat No c Mn Si Al Cu Ch Mo Ni Cr v Ti B N
M44182 0.200 0790 0012 0.008 0.019 0,043 0.040 0.006 0.003 0.010 0030 0.001 0.001 0.000 0.004
Bundle No PCs  Yield Eln.2in Certification CE: 0.34
M800318647 20 066508 Psi 075859 Psi W% ASTM A500-10A GRADE B&C
Material Note:
Sales Or.Note:
Matorial: 4.0x4.0x250x24'0°0(5x4). Material No: 400402502400 Made in: USA
Melted in: USA
Sales order: 705500 Purchase Order: 140572W
Heat No c Mn Si Al Cu Cb Mo Ni Cr v Ti B N
M44182 0.200 0790 0.012 0.008 0.019 0043 0040 0.006 0.003 0.010 0030 0.001 0.001 0.000 0.004
Bundle No PCs  Yield Eln.2in Certification CE: 0.34
M800318646 20 066508 Psi 075859 Psi 3% ASTM A500-10A GRADE B&C
Material Note:
Sales Or.Note:
4 s
Material No: 0100100832400-A513 Made in: USA

i 1
Material: 1.0x1.0x083x24'0"0(10x10).A513

Purchase Order: 139742W"
i A cu”

Cb Mo

P <l "8

Nif
}

Cr

P Ti B N

Melted in: USA. """~
Y i N

o \

0006 0034 0050 0,000 0.000

Sales order: 697303 /,/

Heat No, c rgn/

363270/ 0060 0390 0009 0.010

BundigNo  PCs/Yield Elnigin "
ME00114243 100 000000 Psi % =

Material Note:
Sales Or.Note:

)AL,

The results reparted on this report represent the actual attributes of the material furnished and indicate full compliance with all applicable

Authorized by Quality Assurance:

and contract

almlgmw D11 method.
Institute

OF NORTH AMERICA

Page:30f 4

Certification

ASTM AS13, TYPE 1

0070 0040 0000 0.000 0.000 0.000

CE: 0.14

¢8> Metals Service Center Institute

April 28, 2015
. TRP-03-293-15

Figure A-12. Steel Socket Material Specification, Test Nos. HTCB-10 and HTCB-11
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Page 5§ of 9
[} Chemical and Physical Test Report
. DS S -
o Made and Meited In USA G-163740
SHIP TO INVOICE TO SHIP DATE
SIOUX CITY FOUNDRY INC SIOUX CITY FOUNDRY INC 11/08/10
801 DIVISION STREET ACCTS PAYABLE
800-831~-0874 PO BOX 3067 CUST. ACCOUNT NO
SIOUX CITY, IA 51102 SIOUX CITY, IA 51102 60044062

PRODUCED IN: CARTERSVILLE

GRADE SPECIFICATION | SALES ORDER I CUST P.O. NUMBER

SHAPE + SIZE

W3 X 5.74 S-BEAM A57250/932 | ASTM A572 GR50-07, ASTM A902 -0BA, ASTM A708 GR50-09A [ 0123380-05 | 126300W-05

HEAT I.0. | Mn | P S S [ co | M Cr | Mo vV | No 8 N Sn Al Ti ] Ca | 2n [CEqv] ] | 1 | 1
G 104598 | 7a | o1 | 012 | 020 | 22 | 30 | 09 | 05 | 022 | 016 | 002 | 0003 | 0100 | 010 | 002 |.00100].0003000710] 374 | 1 | i | I
Mechanical Test Yieid 53300 PSI. 367.49 MPA  Tensie: 74200 PSI, 511.59 MPA  %EI: 19.2/8in, 19.2/200MM

Customer Reouirements CASTING. STRAND CAST
Comment NO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY.

Mechanicat Test:

Yield 53900 PSI. 371 83 MPA  Tensile: 73300 PSI, 505.30 MPA  %El 20.0/8in, 20.0/200MM

Customer Requirements CASTING: STRAND CAST
Comment NO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY.

PRODUCED IN: CARTERSVILLE

[SHAPE + SiZE GRADE SPECIFICATION [ SALES ORDER [CUSTF.O.NUMBER |
W3 X 574 S-BEAM A57250/992 | ASTM AS72 GRE0-07, ASTM A9G2 ~0BA, ASTM A709 GR50-D9A | 0123360-05 | 125806W-05
[HEAT 10. [C [wn] P =R T 1 |
(104599 | 14 .92 | 014 ] | | |
Mechanicar Test: Yiekd 54800 PSi, 377 83 MPA  Tensile: 74700 PSI, 51504 MPA  %El: 18.5/8in, 19.5/200MM

Customer Requirements CASTING: STRAND CAST
Comment NO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY.

Mechanical Test:

Yieks 53800 PSI, 370.84 MPA  Tensile: 73700 PS), 508.14 MPA  %El" 21.3/8in. 21.3/200MM

Customer Requirements CASTING. STRAND CAST
Comment NO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY

Customer Notes

NO WELD REPAIRMENT PERFORMED. STEEL NOT EXPOSED TO MERCURY,

All manutactunng processes including meit and cast, occurred n USA. MTR
complies with EN10204 3 1B

THE ABOVE FIGURES ARE CERTIFIED EXTRACTS FROM THE ORIGINAL CHEMICAL AND PHYSICAL TEST RECORDS
AS CONTAINED IN THE PERMANENT RECORDS OF COMPANY.

Bhaskar Yalamanchili

a Quality Director Metallurgical Services Manager
Gerdau Amensteel CARTERSVILLE STEEL MILL
Sedler warrants that all matenat fumished shall comply with ifi published i NO OTHER WARRANTIES, EXPRESSED OR IMPLIED, ARE MADE BY THE

subject
SELLER, AND SPECIFICALLY EXCLUDED ARE WARRANTIES OF MERCHANTABIUTY AND FITNESS FOR A PARTICULAR PURPOSE.

In no event shall selier be sable for indirect, or punilive

ansing out of or related 10 the matenals fumished by seller.

Any claim ior damages for malenals that do not contorm fo specifications must be made from buyer o seller immediately after delivery of same in order to allow the seller the opporiunity o inspect the material in

question

Figure A-13. Steel Posts, Test Nos. HTCB-10, HTCB-11, and HCTB-17 through HTCB-19
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CAUTION
FRESH CONCRETE

Body and or eye contact with fresh (moist)
concrete should be avoided because it con-
tains alkali and is caustic.

April 28, 2015
MwRSF Report No. TRP-03-293-15

Ready Mixed
Concrete Company

6200 Cornhusker Highway, P.O. Box 29288
Lincoln, Nebraska 68529
Telephone 402-434-1844

TPLANT ~[YARDS  [TRUCK __ |DRVER | DESTINATION ~ [DATE [TICKET
A ) 4.8 o 1=l 1O N 1| O 14718 4132¢
, |
TCUSTOMER__ |JoB [CUSTOMER NAME - s |TAXCODE ~ [PARTIAL T INGHTR  [LOADS
< I UNL / f ]
‘Déuv_?g—v;ip'ﬁhﬁ i = - " [SPECIALINSTRUCTIONS [ PO.NUMBER S
4800 NW i e
LOAD cumuaTve | oRDERED PRODUCT UNIT
QUANTITY QUANTITY | auanTiTy CODE [ PROPUOYDESCRIPTION PRICE ANOUNT
. : e e e i | ST
[ T +013000 ) =
N ! SUBTOTAL | =
WATER ADDED ON JOB Tax | o
AT CUSTOMER'S REQUEST RECEIVED BY S TOTAL Ly

Figure A-14. Concrete Material Specification, Test Nos. HTCB-10 and HTCB-11
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_ A
CAUTION
FRESH CONCRETE

Body and or eye contact with fresh (moist)
concrete should be avoided because it con-
tains alkali and is caustic.

April 28, 2015
MwRSF Report No. TRP-03-293-15

Ready Mixed
Concrete Company

6200 Cornhusker Highway, P.O. Box 29288
Lincoln, Nebraska 68529
Telephone 402-434-1844

PLANT MIX CODE YARDS ‘mucx [DRIVER | DESTINATION l ~ CLASS [TiME ADATE TTiCKET
a4 ‘:3513@1@@' 2. 50 @ng @75 “ | [10:26AM @2/1@/14| 4155728
CUSTOMER [JoB CUSTOMER NAME [ TAX CODE ‘ PARTIAL  |[NIGHTR LOADS
2QaRa3 CIQ——MR‘% 1
"DELIVERY ADDRESS 5 SPECIAL INSTAUCTIONS T PO NUMBER
4630 NW 36TH N OF GOODYEAR HANGER 424506250
OAD : CUMULATIVE [ ORDERED PRODUCT T
QUANTITY { QUANTITY QUANTITY CobE R UGHRESORIRTION PRICE AMDONT:
2.50 2.50 | 2. 90 23513000 L3I50@ (47B) 3. 02 4.2 | 235. oo )
MINIMUM HAUL 45, 2@
WINTER SERVICE ‘ 10. 22
l ‘L/ ‘EB@ @2
e | SV A —
3 SUBTOTAL | =g aip)
WATER ADDED ON JOB L) TAX | 29p, 00
AT CUSTOMER'S REQUEST e RECEIVED BY © TOTAL L .
TRUCK USER LOGIN DISP TICKET NUM TICKET NUM TICKET ID TIME DATE
§199/¢8 T7996% ~ 190030 TU:06
LOAD SIZE MIX CODE STEIQ LOAD 1D
M?ERIZI. SOURCE DESIGN GTY REGUIRED _BATCHED VAR % VAR  XMOISTURE ACTUAL WAT
G478 A7B GRAVEL 2I33.W Ib 940a.1 1b 0440.0 D =8k 2.3 M I46b gl
L478B 47B ROCK 928.0 1b 2343.2 1b 2340.0 3.2 -4 1.00M 2.784gl
CEML CEMENT TYP 564.0 1b 1410.0 1b 1410,0 0.0 Q.00
AIR MB-RE 90 A 5.0 n .50z 12.0 -0.5 -4.00%
WATER WATER 3.0l 60001 6L1 + 1.1 L.B3% 61.11 gl
WATER2 RECYCLE WA Oeg 2.8 ol 2.0 2.0 0.00%
NON-SIMULATED  NUM BATCHES:
LOAD TOTAL: 9701 1b DESIGN W/C: 0.439 WATER/CEMENT: @,465A DESIGN WATER: 77.5 gl  ACTUAL WATER: 78.5 nl
SLUMP: 3.80 " WATER IN TRUCK: 0.8 gl

ORIGINAL

Figure A-15. Concrete Material Specification, Test Nos. HTCB-17 through HTCB-19
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ecl

ﬁ EVRAZ | ROCKY MOUNTAIN STEEL

A DIVISION OF EVRAZ INC. NA

<t N MATERIAL TEST REPORT
Date Printed: 09-OCT-13

T e B AR o e e e e = i |

Date Shipped: 09-OCT-13 Product: DEF #4 (1/2") Specification: ASTM-A-615M09b GR 420/ASTM-A~706M09b

‘ FWIP: 52815348 Customer: CONCRETE INDUSTRIES INC Cust. PO: 103151 [
e e e e e S slecermcome oz BNPE A ) SO
Heat CHEMICAL ANALYSIS (Heat cast 09/20/13) ]
Number C Mn P s Si Cu Ni Cr Mo Al v B Cb Sn N Ti |
— —— - - — — —_— —_— —_— L S —
564780 0.26 1.28 0.010 0.009 0.26 0.30 0.08 0.13 0.019 0.003 0.039 0.0005 0.000 0012  0.0072  0.001
Carbon Equivalent = 0.494
MECHANICAL PROPERTIES ‘
Heat Sample Yield Ultimate Elongation Reduction Bend WAt
Number No. (Psi) (Psi) (%) (%)
564780 01 66699 98420 15.0 OK 0.681
(MPa) 459.9 678.6
564780 02 71527 100780 15.7 OK 0.676
(MPa) 493.2 694.9

All melting and manufacturing processes of the material subject to this
test certificate occurred in the United States of America.

ERMS also certifies this material to be free from Mercury contamination.

This material has been produced and tested in accordance with the % é / 5; 2e >

requirements of the applicable specifications. We hereby certify that the

| above test results represent those contained in the records of the Company. e 3
Quality Assurance Department

Figure A-16. Transverse Hoop Rebar, Test Nos. HTCB-17 through HTCB-19
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174"

CERTIFIED MATERIAL TEST REPORT Page /1
CUSTOMER SHIP TO CUSTOMER BILL TO GRADE SHAPE / SIZE
G ERD AU NEBCO INC CONCRETE INDUSTRIES INC 60/ (201 MK Rebs /% (SMM)
STEEL DIVISION
HAVELOCK,NE 68529 LINCOLN,NE 68529-0529 LENGTH WEIGHT HEAT/ BATCH
US-ML-KNOXVILLE USA UsA 600" 24287LB 57134859/03
1919 TENNESSEE AVENUE N. W.

KNOXVILLE. TN 37921 SALES ORDER CUSTOMER MATERIAL N° SPECIFICATION / DATE or REVISION
’ 507838/000010 1-ASTM A615/A615M-09
USA
CUSTOMER PURCHASE ORDER NUMBER BILL OF LADING DATE
101827 1326-0000008529 08/22/2013
CHEMICAL COMPOSITION
c Mn P N Si Cu Ni Cr Mo Sn v CEqvA706
% % % % Y% % % % % %o % %
0.27 0.57 0.020 0.088 0.19 0.43 0.17 0.09 0.031 0.004 0.003 0.39
MECHANICAL PROPERTIES
Ys YS uTs uTS GL G
PS1 MPa PSI MPa Inch mm
80520 555 96540 666 8.000 200.0
MECHANICAL PROPERTIES
Elong. BendTesr
%
11.30 OK
GEOMETRIC CHARACTERISTICS
%Ligh Def Hj Def G: DefS,
%8 § Tr\chg' lnch‘p e["ga i
479 0.031 0.105 0.331
COMMENTS / NOTES

The above figures are certified chemical and physical test records as contained in the permanent records of company. This material, including the billets, was melted and manufactured in
the USA. CMTR complies with EN 10204 3.1.

BHASKAR YALAMANCHILI \
Q- Yish [ A
QUALITY DIRECTOR N

LISA CHURNETSKI
QUALITY ASSURANCE MGR

L

Figure A-17. Vertical Rebar, Test Nos. HTCB-17 through HTCB-19
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Gc1

4x4x1/4" Tube

CERTIFICATE OF TESTING .
2 Certificate
Number: 224856-1
L_--=-1 [BilofLading: 188444 Tuesday, July 16, 2013, 1:11:26 PM
Size:4,000 X 4.000 in | Gage: 0.250 in [ Grade: A500B Mill Order No: 51829-06 | Customer P0:152794W

Specification: ASTM A500-01
PRODUCT MEETS SPECIFICATION REQUIREMENTS

Customer: SIOUX CITY FOUNDRY

Pieces: 40 Length:  24.00(ft)

FOR GRADES B AND C.
Heat Test Type Orientation Width (in) YS (psi) UTS (psi) [Elong%(2 in) YT
wWgt%) C [ Mn| P | s | siJcu| N o[ M[sn|] A v ]co]|]Ti | B [CEQ
R1496 G-776C 5053736/HEAT QUALIFIER PIPE LPA 1.500 70700 74300 39.0 0.95
Heat] 0.15 | 0.62 | 0.006 | 0.005] 0.02 | 0.13 | 0.06 | 0.04 | 0.020 | 0.026 | 0.033 | 0.002 | 0.000 | 0.001 |0.0000] 0.26

TPA - Transverse Pipe Axis Melted and Manufactured in the USA We certify that the product described above has been manufactured, sampled,
LPA - Longitudinal Pipe Axis

inspected, and tested in accordance to the referenced specification. The
90°of Weld 3 4 " !

TWA - Transverse Weld Axix product has been found to be in compliance with all requirements.
FST - Full Section Testing
FBN - Full Body Normalized
Q&T - Quenched and Tempered
SR - Stress Relieve
form CRTR3001

Tuesday, July 16, 2013, 1:12:15 PM

Figure A-18. Steel Tube Socket, Test Nos. HTCB-17 through HTCB-19
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April 28, 2015
MwRSF Report No. TRP-03-293-15

Asphalt Mix R# 13-0434 Mowstrip Project

Shaun Tighe

From: Jim C. Holloway [jholloway1 @ unl.edu]
Sent: Thursday, July 25, 2013 10:11 AM
To: Shaun Tighe

Subject: FW: Midwest Roadside Safety Invoice

————— Original Message-----

From: Judy Miller [mailto:catherandsons@futuretk.com]
Sent: Thursday, July 11, 2013 3:45 PM

To: Jim Holloway

Subject: RE: Midwest Roadside Safety Invoice

>Jim; This is what my records show for the mixed used on your
project...let me know if you need it in a different format...Thanks, Judy

25% - 3A Gravel

28% - 1/4" Dry Chip Limestone
12% - 3/4" Clean Limestone

30% - RAP

5% - RAS

5.6% - PG58-28 asphaltic cement

Figure A-19. Asphalt Mix, Test No. HTCB-19
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April 28, 2015
MwRSF Report No. TRP-03-293-15

Appendix B. Bogie 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 vs. deflection and energy vs. deflection

plots.
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April 28, 2015
MwRSF Report No. TRP-03-293-15

MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information Bogie - Post Test Results Summary
Test Number: HTCB-5 Max. Deflection: 29.9 in.
Test Date: 21-Dec-2011 Peak Force: 133 k
Failure Type: Post Bending Initial Linear Stiffness: 3.3 Kin.
Total Energy: 140.7 k-in.
Post Properties
Post Type: Steel
Post Size: S36.7 S76x8.5
Post Length: 491n. 1245cm
Embedment Depth: 16 in. 40.6 cm
Orientation: strong axis g Bogie Acceleration vs. Time
Foundation 7 A
Design: D A
Length: 60 in. 152.4cm _6
Embedment: 60in. 152.4cm N \ I \[\
Diameter: 12in. 305cm g ” V \
(=]
. . B4
Bogie Properties g , \ \
Impact Velocity: 20.83 mph (30.5 fps) 9.31m/s w3 V
Impact Height: 15in. 381cm g ’ \_,\
Bogie Mass: 1843 Ibs 836 kg 2 I
1
Data Acquired W'\/\\
Acceleration Data: DTS 0
Camera Data: AOS-5 Perpendicular - 22' 0 0.02 0.04 0.06 0.08 0.1 0.12
Time (s)
1 Force vs. Deflection At Impact Location 35 Bogie Velocity vs. Time
12 A\ I 30 \
10 f\ VA\ 25
ey VTN g
X 38 £20
N\ :
S 6 815
Y \ $
4 ’ -"\\ 10
2 N~ _\,\\ 5
0 0
0 5 10 15 20 25 30 35 0 0.02 0.04 0.06 0.08 0.1 0.12
Deflection (in.) Time (s)
160 Energy vs. Deflection At Impact Location 35 Deflection at Impact Location vs. Time
140 / 30
- /
120 / s
€ 100 £
= // =20 -
80 K=l
2 / 815
@ = ~
c 60 =
e / 3 e
40 / 10 e
20 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-1. Test No. HTCB-5 Results (DTS)
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April 28, 2015
MwRSF Report No. TRP-03-293-15

MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information Bogie - Post Test Results Summary
Test Number: HTCB-5 Max Deflection: 29.5 in.
Test Date: 21-Dec-2011 Peak Force: 133 k
Failure Type: Post Bending Initial Linear Stiffness: 2.3 Kiin.
Total Energy: 140.3 k-in.
Post Properties
Post Type: Steel
Post Size: S36.7 S76x8.5
Post Length: 49in. 1245cm
Embedment Depth: 16 in. 40.6 cm
Orientation: strong axis g Bogie Acceleration vs. Time
Foundation 4 "
Design: D I \
Length: 60 in. 152.4cm _6
Embedment: 60 in. 152.4cm - A N \/\
Diameter: 12in. 305cm g \ I \
(=]
. . B4
Bogie Properties g V \,\
Impact Velocity: 20.83 mph (30.5 fps) 9.31m/s w3
Impact Height: 15in. 381cm S
. <, N\
Bogie Mass: 1843 Ibs 836 kg ’ \/\
1
Data Acquired \/\
Acceleration Data: EDR-3 0
Camera Data: AOS-5 Perpendicular - 22' 0 0.02 0.04 0.06 0.08 0.1 0.12
Time (s)
1 Force vs. Deflection At Impact Location 35 Bogie Velocity vs. Time
12 /\\ 30 \
10 A 55 S~
AT\ 2
=3 £20
2L :
N 815
(J
I \ :
4 I \/ \/\ 10
2 \V/4 5
0 0
0 5 10 15 20 25 30 35 0 0.02 0.04 0.06 0.08 0.1 0.12
Deflection (in.) Time (s)
160 Energy vs. Deflection At Impact Location 35 Deflection at Impact Location vs. Time
140 —— 30
" /
120 / 2
€ 100 £ /
é // :20 "
80 2
2 / 815
[ - /
c 60 =
e / 3 e
40 / 10 L~
20 5 A
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-2. Test No. HTCB-5 Results (EDR-3)
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April 28, 2015
MwRSF Report No. TRP-03-293-15

MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information Bogie - Post Test Results Summary
Test Number: HTCB-6 Max. Deflection: 257 in.
Test Date: 4-Jan-2012 Peak Force: 15.8 k
Failure Type: Foundation Fracture Initial Linear Stiffness: 8.1 Kiin.
Total Energy: 156.2 k-in.
Post Properties
Post Type: Steel
Post Size: S36.7 S76x8.5
Post Length: 49in. 1245cm
Embedment Depth: 16 in. 40.6 cm
Orientation: strong axis 10 Bogie Acceleration vs. Time
Foundation 9
Design: D s A N
Length: 60 in. 152.4cm _ I\ I
Embedment: 60in. 152.4cm -7 ’ \ l /\
Diameter: 12in. 305¢m T 6 ’ VAV \/
. . 25
Bogie Properties g ’ \
Impact Velocity: 19.95 mph (29.3 fps) 8.92 m/s E 4 ’ \
Impact Height: 11in. 279cm &3
Bogie Mass: 1828 Ibs 829.2 kg P ’ A
Data Acquired 1 l N v
ata Acquire
Acceleration Data: EDR-3 0 TN
Camera Data: AOS-5 Perpendicular - 22' 0 0.02 0.04 0.06 0.08 0.1
Time (s)
18 Force vs. Deflection At Impact Location 35 Bogie Velocity vs. Time
16 A /.\ 30
14 I \ \\ \
25
_ 12 ’ \/ \J \ E \\
=10 £20
| \ z
200 \ s
6 s
| \ 10
’ \N
) | AN 5
0 \ 0
0 5 10 15 20 25 30 0 0.02 0.04 0.06 0.08 0.1
Deflection (in.) Time (s)
180 Energy vs. Deflection At Impact Location 30 Deflection at Impact Location vs. Time
160 — = 25 _
140 / /
=120 / 220 7
£ / £ -
= 100 c T
215
& g0 / S /
g / = A
w60 / 810
20 // //
5
20
0 0
0 5 10 15 20 25 30 0 0.02 0.04 0.06 0.08 0.1
Deflection (in.) Time (s)

Figure B-3. Test No. HTCB-6 Results (EDR-3)
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April 28, 2015
MwRSF Report No. TRP-03-293-15

MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information Bogie - Post Test Results Summary
Test Number: HTCB-7 Max. Deflection: 30.2 in.
Test Date: 5-Jan-2012 Peak Force: 136 k
Failure Type: Post Bending & Foundation Fracture Initial Linear Stiffness: 3.0 Kin.
Total Energy: 1446 k-in.
Post Properties
Post Type: Steel
Post Size: S36.7 S76x8.5
Post Length: 49in. 1245cm
Embedment Depth: 16 in. 40.6 cm
Orientation: strong axis g Bogie Acceleration vs. Time
Foundation 4 N
Design: E ’\/ \
Length: 60 in. 152.4cm _ 6 N\
Embedment: 60 in. 1524 cm z [\ W
Diameter: 12in. 305cm g \ I \
(=]
. . B4
Bogie Properties g V \
Impact Velocity: 20.67 mph (30.3 fps) 9.24m/s w3 \,
Impact Height: 11in. 27.9¢cm & "\
Bogie Mass: 1828 Ibs 829.2 kg 2 \/\.
1
Data Acquired \/\
Acceleration Data: EDR-3 0 N\~
Camera Data: AOS-5 Perpendicular - 20" 0.02 0.04 0.06 0.08 0.1 0.12
Time (s)
16 Force vs. Deflection At Impact Location 35 Bogie Velocity vs. Time
14 30 P~
. - \\
A I "\ 25 ~—
- 10 \ 2
My =
g 8 oy
e I V \ 815
6 °
>
4 ’ \/\ 10
2 I \'/\w/—\ 5
0 \/\/ 0
0 5 10 15 20 25 30 35 0.02 0.04 0.06 0.08 0.1 0.12
Deflection (in.) Time (s)
160 Energy vs. Deflection At Impact Location 35 Deflection at Impact Location vs. Time
140 /,,4-—-—-— 20 /,
120 ‘_'25 ~
£ 100 £ /
- :20 ~
g o
% 80 % e
@ 215 ~
5 0 / 3 P
o
40 / 10 v
20 5 e
0 0
0 10 20 30 40 0.02 0.04 0.06 0.08 0.1 0.12
Deflection (in.) Time (s)

Figure B-4. Test No. HTCB-7 Results (EDR-3)
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April 28, 2015

MwRSF Report No. TRP-03-293-15

Bogie Test Summary
Test Information Bogie - Post Test Results Summary
Test Number: HTCB-8 Max. Deflection: 311 in.
Test Date: 5-Jan-2012 Peak Force: 133 k
Failure Type: Post Bending & Foundation Cracking Initial Linear Stiffness: 2.2 kiin.
Total Energy: 1439 k-in.
Post Properties
Post Type: Steel
Post Size: S36.7 S76x8.5
Post Length: 491n. 1245cm
Embedment Depth: 16 in. 40.6 cm
Orientation: strong axis g Bogie Acceleration vs. Time
Foundation 4 N
Design: F / \
Length: 60 in. 152.4cm _6 \/ l\
Embedment: 60in. 1524 cm b l V \
Diameter: 12in. 30.5¢cm g ’ \
(=]
. . B4
Bogie Properties g v \
Impact Velocity: 20.85 mph (30.6 fps) 9.32m/s w3 4
Impact Height: 11in. 279cm g
Bogie Mass: 1828 Ibs 829.2 kg 2 | A
1 ~
Data Acquired wW U v v \/'\
Acceleration Data: EDR-3 0
Camera Data: AOS-5 Perpendicular - 20" 0 0.02 0.04 0.06 0.08 0.1 0.12
Time (s)
1 Force vs. Deflection At Impact Location 35 Bogie Velocity vs. Time
A ST
10 \ I \/ \ 25 ~
d
— S~
X 38 £20
g V z
8 6 815
w
V\ <
4 10
N LA N\ A 5
N AYAVAAYN
0 0
0 5 10 15 20 25 30 35 0 0.02 0.04 0.06 0.08 0.1 0.12
Deflection (in.) Time (s)
160 Energy vs. Deflection At Impact Location 35 Deflection at Impact Location vs. Time
140 /"‘ 30
120 —
_25 ~
£ 100 £ /
~ 20 7
g o
§ 80 / b= /
3 ¢ gls d
o
& / 3 e
40 / 10 S~
20 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-5. Test No. HTCB-8 Results (EDR-3)
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April 28, 2015
MwRSF Report No. TRP-03-293-15

MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information Bogie - Post Test Results Summary

Test Number: HTCB-9 Max. Deflection: 26.8 in.
Test Date: 6-Jan-2012 Peak Force 139 k
Failure Type: Post Bending - Foundation Cracking Initial Linear Stiffness: 7.4 Klin.

Total Energy: 130.2 k-in.

Post Properties
Post Type: Steel
Post Size: S36.7 S76x8.5
Post Length: 491n. 1245cm
Embedment Depth: 16 in. 40.6 cm
Orientation: strong axis g Bogie Acceleration vs. Time

Foundation 7 A N
Design: F , \ /

Length: 60 in. 152.4cm _6
Embedment: 60in. 1524 cm o \ [w
Diameter: 12in. 305cm g V
g, \
Bogie Properties g \
Impact Velocity: 20.85 mph (30.6 fps) 9.32m/s w3
Impact Height: 11in. 279cm g \
Bogie Mass: 1828 Ibs 829.2 kg 2 l \
1 NN ,l\

Data Acquired \/“ \f\_\
Acceleration Data: EDR-3 0 AN
Camera Data: AOS-5 Perpendicular - 20" 0 0.02 0.04 0.06 0.08 0.1

Time (s)
16 Force vs. Deflection At Impact Location 35 Bogie Velocity vs. Time
;) I\ /\ 30 \\
12 I \ IVJ, \\ AZS ~~——
- 10 <
= I \/ £20
g 8 oy
0
I \ g
4 I 10
2 V\/_/A\\/_\\ 5
0 A 0
0 5 10 15 20 25 30 0 0.02 0.04 0.06 0.08 0.1
Deflection (in.) Time (s)
140 Energy vs. Deflection At Impact Location 30 Deflection at Impact Location vs. Time
e
120 — 25 e
100 /
z £° ~
< 80 / - /
g o
w15
? 60 5 ~
S / T e
/ al0
40 / /
20 5 !
0 0
0 5 10 15 20 25 30 0 0.02 0.04 0.06 0.08 0.1
Deflection (in.) Time (s)

Figure B-6. Test

No. HTCB-9 Results (EDR-3)
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April 28, 2015
MwRSF Report No. TRP-03-293-15

MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information

Bogie vs post in socket

Test Results Summary

Test Number: HTCB-10 Max. Deflection: 30.2 in.
Test Date: 13-Jun-2012 Peak Force: 20.7 k
Failure Type: Post Failure - Foundation Cracking Initial Linear Stiffness: 3.9 Kin.
Total Energy: 149.6 k-in.
Post Properties
Post Type: Steel
Post Size: S36.7 S76x8.5
Post Length: 491n. 1245cm
Embedment Depth: 16 in. 40.6 cm
Orientation: Strong 1 Bogie Acceleration vs. Time
Foundation Properties ,\
Design: J 10
Diameter: 12in. 305cm _ I \
Embedment Depth: 30in. 76.2cm 8
Soil: 1/19/2012 HE. -8 2 I \
o
- N
Bogie Properties g 6 V
Impact Velocity: 20.6 mph (30.2 fps) 9.21m/s E
Impact Height: 11in. 27.9cm & 4 I \
Bogie Mass: 1860 Ibs 843.7 kg
2 Vf\v/\ ™\
Data Acquired \,/ \'\ /\/\
Acceleration Data: EDR-3 0
Camera Data: AOS-5 Perpendicular - 163" 0 0.02 0.04 0.06 0.08 0.1 0.12
Time (s)
’5 Force vs. Deflection At Impact Location 35 Bogie Velocity vs. Time
30
20
25 \\
g —
= £20
8 Z
2 k<
2 10 ,\V VA % 15
>
10
5
\/\/\/\\ /\/\ 5
0 0
0 5 10 15 20 25 30 35 0 0.02 0.04 0.06 0.08 0.1 0.12
Deflection (in.) Time (s)
160 Energy vs. Deflection At Impact Location 35 Deflection at Impact Location vs. Time
/\/.
140 //’ 30 /;
120 _ _2s »
2 100 // £ pd
~ <20 7
g o
& 80 B /
@ 215 ~
s 60 9
/ S10 e
40 / /
20 5 pd
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-7. Test No. HTCB-10 Results (EDR-3)
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April 28, 2015
MwRSF Report No. TRP-03-293-15

Bogie Test Summary
Test Information Bogie vs post in socket Test Results Summary
Test Number: HTCB-11 Max. Deflection: 304 in.
Test Date: 13-Jun-2012 Peak Force: 176 k
Failure Type: Post Failure Initial Linear Stiffness: 3.6 Kin.
Total Energy: 122.6 k-in.
Post Properties
Post Type: Steel
Post Size: S36.7 S76x8.5
Post Length: 491n. 1245cm
Embedment Depth: 16 in. 40.6 cm
Orientation: Strong 10 Bogie Acceleration vs. Time
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Figure B-8. Test No. HTCB-11 Results (DTS SLICE)
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Bogie Test Summary

Test Information Bogie vs post in socket

Test Results Summary

Test Number: HTCB-11 Max. Deflection: 30.1 in.
Test Date: 13-Jun-2012 Peak Force: 179 k
Failure Type: Post Failure Initial Linear Stiffness: 3.7 Klin.
Total Energy: 120.0 k-in.
Post Properties
Post Type: Steel
Post Size: S36.7 S76x8.5
Post Length: 491n. 1245cm
Embedment Depth: 16 in. 40.6 cm
Orientation: Strong 1 Bogie Acceleration vs. Time
Foundation Properties
Design: K 10
Diameter: 12in. 305cm _ /\
Embedment Depth:  36in. 91.4cm ze
Soil: 1/19/2012 HE. -8 = ~ A
86 Iv \ /\
-]
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Figure B-9. Test No. HTCB-11 Results (EDR-3)
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Bogie Test Summary

Test Information

Test Results Summary

Test Description: Post in socketed concrete foundation Event Duration: 0.1117 sec
Test Number: HTCB-17 Max Deflection: 339 in.
Test Date: 2/26/2014 Peak Force: 17.7 k
Failure Type: Post bending Initial Linear Stiffness: 50 Kin.
Total Energy: 1416 k-in.
Post Properties
Post Type: Steel @ 5" @ 10" @ 15" @20"
Post Size: S36.7 Average Force (K) 10.89 8.58 6.76 5.81
Post Length: 49" Energy (k-in.) 544 858 101.4 116.2
Embedment Depth: 16"
Orientation: 90 degrees - Strong Axis 0 Bogie Acceleration vs, Time
Foundation Properties I\
Design: M 8
Diameter: 15" I \
Embedment 30" T:; 6
Soil: 9/6/2013 HE. 8 -t N \
2
Bogie Properties ® 4
Impact Velocity: 20.75 mph (30.43 ft/s) 2 /\ ~
Impact Height: 11" g8 2 \J M~
Bogie Mass: 19251b < \\ / \’\/vv\__/\./\,\
0 \/
Data Acquired
Accelerometer: SLICE-1 -2
Camera Data: AOS-8 @ 249" 0 0.02 0.04 0.06( ) 0.08 0.1 0.12
Time (s|
20 Force vs. Deflection At Impact Location 35 Bogie Velocity vs. Time
18
i 30 P~
16
14 ’\ 25 \
12 [\ z
2., oA £ 20
g [V )
o o
e | LA s
Y W N e
VN N Ma
2 \/ 5
-2 0
0 10 20 30 40 0 0.02 0.04 0.06 0.08 0.1 0.12
Deflection (in.) Time (s)
160 Energy vs. Deflection At Impact Location 0 Deflection at Impact Location vs. Time
140 /,4- 35 -
120 '_/, 30 4
g 100 v £ 25
= c
% 80 / €2 -
g 60 / £ 15 7
N / a //
40 / 10 /
20 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-10. Test No. HTCB-17 Results (SLICE-1)
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Bogie Test Summary

Test Information

Test Results Summary

Test Description: Post in socketed concrete foundation Event Duration: 0.1117 sec
Test Number: HTCB-17 Max Deflection: 339 in.
Test Date: 2/26/2014 Peak Force: 18.0 k
Failure Type: Post bending Initial Linear Stiffness: 50 Kin.
Total Energy: 1429 k-in.
Post Properties
Post Type: Steel @ 5" @ 10" @ 15" @20"
Post Size: S36.7 Average Force (K) 11.09 8.70 6.82 5.86
Post Length: 49" Energy (k-in.) 554 87.0 1023 117.2
Embedment Depth: 16"
Orientation: 90 degrees - Strong Axis Bogie Acceleration vs. Time
10 :
Foundation Properties l\
Design: M 8
Diameter: 15" I \
Embedment 30" P
Soil: 9/6/2013 HE. 8 -t N \
2
Bogie Properties ® 4
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Figure B-11. Test No. HTCB-17 Results (SLICE-2)
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Bogie Test Summary

Test Information

Test Results Summary

Test Description: Post in socketed concrete foundation Event Duration: 0.1342 sec
Test Number: HTCB-18 Max Deflection: 35.9 in.
Test Date: 2/26/2014 Peak Force: 18.7 k
Failure Type: Post bending / foundation rotation through soil Initial Linear Stiffness: 55 Kiin.
Total Energy: 1724 k-in.
Post Properties
Post Type: Steel @ 5" @ 10" @ 15" @20"
Post Size: S3x6.7 Average Force (K) 12.45 11.49 9.53 8.11
Post Length: 49" Energy (k-in.) 622 114.9 143.0 162.2
Embedment Depth: 16"
Orientation: 90 degrees - Strong Axis 5 Bogie Acceleration vs, Time
Foundation Properties
Design: L 10
Diameter: 15" l\
Embedment 24" z 8
Soil: 9/6/2013 H.E. 8 g AI \
5 6
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Impact Velocity: 20.29 mph (29.76 ft/s) 2 I \
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Figure B-12. Test No. HTCB-18 Results (SLICE-1)
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Bogie Test Summary

Test Information

Test Results Summary

Test Description: Post in socketed concrete foundation Event Duration: 0.1343 sec
Test Number: HTCB-18 Max Deflection: 35.8 in.
Test Date: 2/26/2014 Peak Force: 189 k
Failure Type: Post bending / foundation rotation through soil Initial Linear Stiffness: 54 Klin.
Total Energy: 173.7 k-in.
Post Properties
Post Type: Steel @ 5" @ 10" @ 15" @20"
Post Size: S3x6.7 Average Force (K) 12.53 11.56 9.61 8.17
Post Length: 49" Energy (k-in.) 62.7 1156 144.1 1634
Embedment Depth: 16"
Orientation: 90 degrees - Strong Axis 5 Bogie Acceleration vs, Time
Foundation Properties
Design: L 10
Diameter: 15" l\
Embedment 24" z 8
Soil: 9/6/2013 H.E. 8 g [\l \
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Figure B-13. Test No. HTCB-18 Results (SLICE-2)
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Bogie Test Summary

Test Information Test Results Summary
Test Description: Post in socketed concrete foundation Event Duration: 0.0921 sec
Test Number: HTCB-19 Max Deflection: 31.0 in.
Test Date: 5/20/2014 Peak Force: 14.8 k
Failure Type: Post bending Initial Linear Stiffness: 7.4 Klin.
Total Energy: 112.1 k-in.
Post Properties
Post Type: Steel @ 5" @ 10" @ 15" @20"
Post Size: S36.7 Average Force (K) 10.15 7.92 6.39 5.16
Post Length: 49" Energy (k-in.) 50.7 792 959 1033
Embedment Depth: 16"
Orientation: 90 degrees - Strong Axis , Bogie Acceleration vs, Time
Foundation Properties 8
Design: (0] 7 A I\
Diameter: 12"
: AN IVAY
Embedment 30 - IV '\
Soil: AASHTO Gr. Bunder 4" Asphalt Pad < 5 , \
o 4
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Figure B-14. Test No. HTCB-19 Results (SLICE-1)
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Bogie Test Summary

Test Information Test Results Summary
Test Description: Post in socketed concrete foundation Event Duration: 0.0917 sec
Test Number: HTCB-19 Max Deflection: 309 in.
Test Date: 5/20/2014 Peak Force: 16.4 k
Failure Type: Post bending Initial Linear Stiffness: 6.4 Kiin.
Total Energy: 1114 k-in.
Post Properties
Post Type: Steel @ 5" @ 10" @ 15" @20"
Post Size: S3%6.7 Average Force (K) 10.29 7.77 6.36 5.07
Post Length: 49" Energy (k-in.) 515 7.7 954 1015
Embedment Depth: 16"
Orientation: 90 degrees - Strong Axis 0 Bogie Acceleration vs, Time
Foundation Properties
Design: 0] 8 ,\
Diameter: 12" l \
Embedment 30" .
Soil: AASHTO Gr. B under 4" Asphalt Pad - /V \
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Figure B-15. Test No. HTCB-19 Results (SLICE-2)
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