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1 INTRODUCTION

1.1 Background

The American Association of State Highway and Transportation Officials (AASHTO)
Roadside Design Guide (RDG) addresses the need for appropriate design and placement of
crashworthy hardware, including breakaway luminaire supports, in recoverable “clear zones” on
the roadside [1]. Over time, numerous variations of breakaway luminaire supports have been
developed and the criteria for evaluating their performance have evolved. However, the RDG does
not specify the range of available devices or the crashworthiness of different luminaire parameters
and configurations, such as height, weight, attachments, etc. AASHTO’s Manual for Assessing
Safety Hardware (MASH) and LRFD Specifications for Structural Supports for Highway Signs,
Luminaires, and Traffic Signals set the criteria for determining crashworthiness [2, 3], but no
breakaway luminaire supports have been successfully tested to meet MASH evaluation criteria or
received a Federal Highway Administration (FHWA) eligibility letter. Thus, there is a critical need
to evaluate the crashworthiness of luminaire poles through full-scale crash testing and computer
simulations.

Recent full-scale crash tests and simulations conducted under National Cooperative
Highway Research Program (NCHRP) Project 22-43 “Proposed AASHTO Guidelines for
Implementation of MASH for Sign Supports, Breakaway Poles, and Work Zone Traffic Control
Devices,” which is an ongoing research project led by the research team at MwRSF, found that
existing luminaire poles with transformer bases, specifically TB1-17, the most common base in
the U.S. (according to the survey conducted under NCHRP Project 03-119) have little potential to
pass MASH due to the excessive occupant impact velocities (OIV) (> 16-ft/s MASH limit) and/or
roof crush (> 4-in. MASH limit) [4, 5]. Details can be found in the report [5].

The goal of this research was to identify the critical parameters and configurations for
crashworthy breakaway luminaire poles that utilize a breakaway base, specifically a slip base, as
well as identifying pole configurations with the potential to meet MASH safety standards. The
current Phase (Phase I) of the project involved: (1) a literature review and survey of existing
luminaire pole configurations; (2) computer simulations to evaluate the crashworthiness of poles
supported by a slip base; and (3) an evaluation of various pole configurations with different
heights, weights, and mast arm lengths. Simulation findings helped identify pole configurations
that would be likely to meet MASH safety criteria. Finally, recommendations were made for full-
scale crash testing in a possible future phase of the project.

The literature review included an examination of past luminaire pole crash testing
documentation, state departments of transportation (DOTs) standard plans, and pre-existing survey
results collected by MwRSF from state DOTs as a part of the ongoing NCHRP Project No. 03-
119, as detailed in the Project No. 03-119 Interim Report [4]. This review included a search to
identify a range of parameters representing commonly used breakaway luminaire poles.

Next, a slip base pole model was simulated in LS-DYNA, replicating the test setup used in
MwRSF pole test nos. USBLM-1 and USBLM-2 [5, 7]. The system was identical to the system
utilized by the Utah Department of Transportation (UDOT). The simulation results were compared
to outcomes from test nos. USBLM-1 and USBLM-2. During the validation process, several
adjustments were made to the model, including modifications to part geometries, material
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properties, and vehicle models to more accurately represent the physical crash test. Once validated,
the UDOT slip base model was used to identify the critical parameters and configurations for
breakaway slip base luminaire poles, with a focus on steel luminaire poles.

1.2 Objective

The objective of this research was to determine the critical parameters and configurations
for MASH Test Level 3 (TL-3)-compliant breakaway luminaire supports, including configurations
with the potential to meet MASH TL-3 criteria and recommendations for full-scale crash testing.
The initial phase included a literature search and survey to identify potential pole configurations,
followed by computer modeling to evaluate the impact of variations in pole parameters. This phase
concluded with recommendation for critical designs for full-scale crash testing. Follow-up
research would be required to conduct full-scale testing and validate the simulation findings.

1.3 Scope

The research objective was achieved through the completion of several tasks. The first task
involved: (1) reviewing existing literature on luminaire pole slip base systems and state DOT
standard plans that provide design or guidance related to luminaire poles with a slip base; and (2)
surveying Midwest Pooled Fund Program member state DOTs to gather information on their use
of slip bases and breakaway luminaire pole configurations.

The second task involved: (1) reviewing state pole configurations and selecting a range of
pole parameters; (2) developing and validating LS-DYNA models for breakaway luminaire poles;
(3) conducting LS-DYNA analysis of various pole parameters and configurations; (4) identifying
pole configurations with a potential to meet MASH TL-3 safety criteria; and (5) recommending
critical pole configurations for full-scale testing.

The third and final task included preparing a technical report to document the research
effort that included the literature review, simulation results, and recommendations for further
research.
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2 LITERATURE REVIEW

A number of breakaway luminaire systems utilize a slip base, representing approximately
28.8% of all such systems across the U.S., according to survey responses from NCHRP Project
No. 03-119 [4]. Nearly all breakaway luminaire poles with slip bases are considered
non-proprietary.

2.1 State DOT Survey

A survey was designed and distributed to the Midwest Pooled Fund Program member state
DOTs to collect information on their use of breakaway luminaire slip base supports. The survey
received 13 complete responses from the following states: California (Caltrans), Georgia, lowa,
Illinois, Florida, Wisconsin, Indiana, South Carolina, South Dakota, North Carolina, Minnesota,
Nebraska, and New Jersey. Respondents were asked to answer a series of questions about their
state’s use of slip bases and provide standard plans or specifications, if applicable. The survey, its
results, and attachments are reported in Appendix A. An overview of the survey and its findings
are detailed below.

2.1.1 Survey Overview

Question 1: The primary survey participant shall complete the following information:
name, position title, organization, department/division, phone number, and email address.

The survey respondents provided information about their organizations, positions, and
personal information.

Question 2: Please denote if your state uses luminaires supported by 3-bolt slip bases, 4-
bolt slip bases, both 3 and 4-bolt slip bases, or does not use slip base systems for breakaway
luminaire poles.

Two respondents, Caltrans and lowa, reported using a 3-bolt slip base, and one respondent,
Georgia, denoted the use of a 4-bolt slip base, while 11 respondents (71.4% of all respondents)
denoted no use of a slip base or provided a response that was not relevant. Note that Georgia DOT
does not have standard plans showing the use of a slip base with luminaire poles, but they do
include slip bases as an approved luminaire pole breakaway device in their standard specifications.

Question 3: Please indicate the number of luminaire pole slip base configurations used by
your state. Please provide details for each system your state employs for luminaire poles. If you
have more than three systems, please contact the survey distributor to provide additional
information.

One respondent, lowa, denoted the use of only one luminaire pole slip base configuration
while another respondent, Caltrans, denoted using three different luminaire pole slip base
configurations.

Question 4: System 1: Please enter system name and estimate the frequency of use for
currently installed Slip Base Supporting Breakaway Luminaire Supports and upload pertinent
design details.
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Four respondents provided details on the systems used by their state DOTs. Caltrans
reported using the Type 15-SB system, which has five arm lengths available (i.e., 6, 8, 10, 12, and
15 ft), and the capability to mount closed-circuit television (CCTV), vehicle detection systems,
and roadside signs. This system is torqued to 150 ft-lIb. Iowa denoted the use of the Valmont
Millerbernd 3-bolt slip base system. Georgia denoted the use of poles with square bases that are
attached at each corner, and in rare cases, a round base with 3 or 4 bolts is used. Additional details
can be found in Appendix A.

Question 6: System 2: Please enter system name and estimate the frequency of use for
currently installed Slip Base Supporting Breakaway Luminaire Supports and upload pertinent
design details.

One respondent provided details on an additional system used by the state DOT. Caltrans
reported on the use of the Type 30 system, which has five arm lengths available (i.e., 6, 8, 10, 12,
and 15 ft), the capability to mount CCTV, vehicle detection systems, and roadside signs. The slip
base bolts for this system are torqued to 150 ft-1b.

Question 8: System 3: Please enter system name and estimate the frequency of use for
currently installed Slip Base Supporting Breakaway Luminaire Supports and upload pertinent
design details.

One respondent provided details on an additional system used by the state DOT. Caltrans
reported the use of the Type 31 system which has one arm length available (i.e., 20 ft), the
capability to mount CCTV, vehicle detection systems, and roadside signs. The slip base bolts for
this system are torqued to 200 ft-1b.

Question 10: For each system, please estimate the percentage of installed systems. The
total MUST add up to 100%.

Caltrans reported that approximately 4% of systems installed are Type 15-SB, 75% are
Type 30, and 21% are Type 31. Iowa and Georgia denoted that the 100% of systems installed are
the system detailed in Question 4.

Question 11: Has your organization developed current practices and/or standard plans
regarding the selection and installation of Breakaway Luminaire Poles Supported by a Slip Base?
This would include guidance with respect to the range of luminaire pole configurations that your
state uses with slip bases and if and how the slip base system varies based on the luminaire pole
configuration used.

Twelve respondents denoted “No,” meaning their state had not developed practices or plans
related to luminaire pole slip base systems. One respondent, Caltrans, denoted “Yes,” meaning the
state developed practices or plans relating to luminaire pole slip base systems. Note that one
response was discarded as it was not relevant to luminaire poles with a slip base.

As a part of their response, Caltrans attached guidance from state DOT plans and
specifications, which are provided in Appendix A. Additionally, North Carolina provided pole
details for use with a slip base. The response denoted that: (1) poles are typically made of
galvanized steel or aluminum, (2) pole diameter, thickness, and mass vary based on design, (3)
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pole heights range from 35 to 45 ft, (4) mast arms can be either in a single or dual configuration,
and (5) mast arms are generally 15 ft long.

Question 14: Does your organization change the slip base configuration based on the
luminaire pole design?

Eleven respondents selected “No,” meaning their state did not alter slip base configuration
based on luminaire pole design. Two respondents, Caltrans and Georgia, denoted “Yes,” meaning
their state did alter the slip base configuration based on the luminaire pole design. Note that one
response was discarded as it was not relevant to luminaire poles with a slip base.

Caltrans denoted that clamp bolt torques were adjusted based on the pole type designation.
Georgia denoted that the design relies on the pole’s diameter, height, and base shape.

Question 17: Does your organization have knowledge of safety concerns or performance
issues with prior or current Breakaway Luminaire Supports with 3- or 4-bolt Slip Bases identified
through in-service performance evaluation, maintenance records, full-scale crash testing, or other
means?

Twelve respondents denoted “No,” meaning their state did not have concerns about safety
or performance of luminaire pole slip base systems. One respondent, Caltrans, denoted “Yes,”
meaning the state did have concerns about safety or performance of luminaire pole slip base
systems. Note that one response was discarded as it was not relevant to luminaire poles with slip
bases.

Caltrans denoted older designs had problems with fatigue cracking of anchor bolts, clamp
bolts, and post-to-base connections. To address these problems, Caltrans increased bolt circles,
bolt diameters, and clamp bolt torque while reducing mast arm length to a maximum of 20 ft.
Caltrans also noted that in-service activation problems are difficult to report due to legal and
confidentiality issues. Caltrans did mention that similar slip base systems in recent low-speed
MASH crash tests were not activated. Additional crash test details are available in Section 2.3.6.

Question 20: Does your state allow additional attachments to slip base mounted luminaire
poles? This would include items like cell phone transmitters, wireless internet transmitters, solar
power boxes, cameras, or any other additional hardware mounted to the luminaire support outside
of the mast arm and light.

Twelve respondents denoted “No,” meaning their state did not allow additional
attachments on luminaire pole slip base systems. One respondent, Caltrans, denoted “Yes,”
meaning their state did allow additional attachments on luminaire pole slip base systems. Note that
one response was discarded as it was not relevant to luminaire poles with slip bases.

Caltrans specified that the state typically restricts electronics to small and lightweight items
mounted near the system’s center of mass. Larger items, such as sign panels, are mounted no more
than 12 ft from the base, though additional restrictions may be placed in the future based on the
low likelihood of passing MASH occupant compartment deformation limits due to the placement
of sign panels. Also, Caltrans does not typically allow solar panels or battery packs to be mounted
on poles unless their mass is considered insignificant. Additionally, Caltrans raised concern about
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the challenges posed by small cell site equipment and its impact on weight and performance in
windy conditions.

Question 23: What is the typical size and configuration of the wiring for the luminaire
pole?

Eight respondents provided comments on wiring. Of these, four states indicated that their
DOT does not use slip base systems or that the question was not applicable. North Carolina
reported using a 12 AWG Type SOOW cord from the pole to the luminaire.

One respondent noted using No. 10 copper wiring, continuous from the luminaire to the
controller. Another respondent mentioned the use of 4c 4AWG direct-buried cable to the pole and
12-2 UF cable within the pole. Another respondent indicated that the state does not use standard
wiring, with the size and configuration determined by the lighting system design

Question 24: Is there additional wiring for other attached hardware or devices? If so,
please provide details.

Five respondents provided comments on additional wiring. Of these five respondents, three
states noted that the question did not apply. Two respondents noted that no other attachments are
allowed or that their systems are not designed to incorporate additional hardware or devices.

Question 25: Do your state utilize/require breakaway wiring connections for slip base
supported luminaire poles? If so, please provide details on the breakaway wiring connector used.

Eight respondents provided comments on breakaway wiring. Of these eight respondents,
two states noted that the question did not apply. Two other respondents had comments that did not
apply to the question. One respondent noted that live wire for luminaires should be kinked to
ensure the pole is de-energized after a crash, and for additional wiring, an unplugging connection
is requested. Another respondent noted that breakaway fuse holders are required for single and
dual arm poles. Another respondent noted that breakaway couplings are required for breakaway
pole systems. Minnesota noted that there is an approved product list for breakaway fuses, but there
is an issue with the breakaway of the neutral wire with the live wires, though the state is working
with a manufacturer to break away the two live wires and the neutral wire with one device.
Additional plans and specifications provided in response to the question are included in Appendix
A.

2.1.2 Survey Summary

A total of 14 respondents participated in the survey. The survey results showed that some
Midwest Pooled Fund Program member DOTs utilize luminaire poles with breakaway slip bases;
however, standards and designs vary across states. Generally, each state uses a single slip base
design for a specific pole model, though arm lengths may differ. Based on the survey results, the
only parameter altered in the slip base design is bolt torque, which varies depending on the pole
type, as noted by Caltrans. Several states do not have guidelines developed for luminaire pole slip
base systems. There are concerns related to clamp bolt fatigue and poor breakaway performance
(i.e., failure of the slip base to activate). Attachments to the luminaire pole slip base systems are
typically restricted to small, lightweight devices, and states use a variety of wiring configurations.
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Given the limited number of survey respondents and the limited details provided on
luminaire slip base systems, a more in-depth review of state DOT plans and drawings was required
to understand common designs and practices.

2.2 State DOT Luminaire Pole Slip Base Standard Plans

Of the 14 responses received from the slip-base survey sent to Midwest Pooled Fund
Program member states, three state DOTs (California, lowa, and Georgia) reported the use of
luminaire poles with slip bases. An additional search was conducted to identify other states with
standard plans for luminaire pole slip bases. Three other state DOTs within the Midwest Pooled
Fund Program (Utah, Wyoming, and North Carolina) and five non-Midwest Pooled Fund Program
member states (Arizona, North Dakota, West Virginia, Washington, and Oregon) had standard
details for luminaire pole slip bases. The following sections provide a summary of the standard
drawings for luminaire poles with slip bases from these state DOTs.

2.2.1 Caltrans Slip Base Design

In the survey, Caltrans was one of two respondents that stated they utilized different slip
bases depending on the size of the pole. Type 15-S, Type 30, and Type 31 luminaire poles account
for 4%, 75%, and 21% of poles with slip bases in use, respectively. The Type 30 slip base detail
can be used to mount either the Type 15-S, Type 30, or Type 31 luminaire poles. Note that the
Type 15-S luminaire pole has a 3-bolt mounting design, though it is a modified version of the 4-
bolt Type 15 luminaire pole. Since there are no standard drawings available for the 4-bolt Type 15
slip base and it is not used in the Type 15-S, Type 30, or Type 31 systems (which, according to
the survey, constitute 100% of installed systems), only the 3-bolt Type 30 slip base is discussed
herein.

The Type 30 slip base is a typical 3-bolt configuration, as shown in Figures 1 and 2 [8].
The slip base uses 1-in. diameter clamp bolts, with heavy hex nuts in a 14-in. diameter bolt circle.
The clamp washers are 2.76 in. x 1.97 in. X 2 in. with a center hole diameter of 1.063 in. Each
clamp bolt is placed in a 60-degree, Y2-in. radius slot in the top plate, with each bolt torqued to 150
ft-Ib for Type 15-S and Type 30 pole designs, and to 200 ft-1b for the Type 31 pole design. The
top plate is 1% in. thick and 13% in. x 13% in. wide. The keeper plate is 0.0149 in. thick and is
13% in. x 13% in. wide with a 9-in. center hole diameter. The slip plate has a total thickness of 2%
in., with an upper portion measuring 1%z in. and bottom portion measuring 1 in., and a center hole
diameter of 5 in. The slip plate is secured by 1-in. diameter anchor bolts, with heavy hex nuts,
arranged in a 15-in. diameter bolt circle. The Type 30 slip base is identical to those used in Caltrans
full-scale crash test, including test nos. 616, 617, 618 under NCHRP Report 350 criteria, as well
as test nos. 430MASHC17-01, 430MASHC20-01, and 430MASHC22-01, which are discussed in
Sections 2.3.5 and 2.3.6 [9].
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In the survey, lowa DOT reported that the Valmont Millerbernd system made up 100% of
installed luminaire pole slip base systems. The Valmont Millerbernd slip base follows a typical 3-
bolt configuration, as shown in Figures 3 and 4 [10]. The slip base uses 1-in. diameter, 4)%-in. long
clamp bolts with heavy hex nuts in a 14-in. diameter bolt circle. The clamp washers measure 3%
in. X 2 in. X % in. with a center hole diameter of 1'% in. Each clamp bolt is placed in a 60-degree,

%16-in. radius slot in the top plate, with each bolt being torqued to 834 fi-1b. The top slip base plate
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is 1% in. thick and is an inscribed triangle, with the enclosing circle 16 in. in diameter. The keeper
plate is 0.0149 in. thick and is an inscribed triangle, with the enclosing circle 16 in. in diameter.
The anchor slip plate is 2 in. thick in total, with an upper portion thickness of 1% in. and bottom
portion thickness of 1 in., and a center hole diameter of 6 in. The anchor slip plate is secured by 1-
in. diameter anchor bolts with heavy hex nuts in a 14-in. diameter bolt circle.
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Figure 3. lowa DOT Valmont Millerbernd Slip Base Details [10]
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2.2.3 Georgia DOT Slip Base Drawings

In the survey, Georgia DOT stated the use of 4-bolt slip bases, though no additional details
were provided. Georgia DOT was one of two respondents that mentioned the use of different slip
bases depending on the size of the pole, but no developed practices or standard plans were
mentioned. Georgia DOT’s standard drawings detailing luminaire pole designs could not be
located, thus details could not be verified.

Of note, the Georgia Lighting Standards and Towers specifications states that steel lighting
structures can be “attached to an approved breakaway device, such as slip base, aluminum
transformer base, breakaway couplings, etc., when so specified.” This is the only mention of a
luminaire pole slip base in both the standard drawings and lighting specifications.

2.2.4 Utah DOT Slip Base Design

Utah DOT uses luminaire poles with slip bases and has standard plans along with additional
lighting guidance [11, 12]. Utah utilizes a typical 4-bolt slip base system, as shown in Figure 5.
The slip base shown in the drawings is identical to the those used in Utah DOT-sponsored full-
scale crash test nos. USBLM-1 and USBLM-2 [5], which are discussed in Section 2.3.2. The clamp
bolts are first torqued to 80 ft-1b, then loosened, and re-torqued to 70 ft-Ib.
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Figure 5. Utah DOT Slip Base Details [11]
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2.2.5 Wyoming DOT Slip Base Details

Although Wyoming DOT did not respond to the project survey, this state does use
luminaire slip bases and has standard plans. However, slip base drawings used by Wyoming DOT
were not found in the most recent plan set. Thus, the slip base drawings included in this report are
derived from the crash test report discussed in Section 2.3.4 [13, 14]. Note that the 4-bolt slip base
in the drawings is similar to the those used in Wyoming DOT full-scale crash test nos. 472280-1,
472280-2, 472280-3 [14], and WRCG-1 [15].

The slip base is secured by 1-in. diameter bolts with heavy hex nuts in a 13-in. diameter
bolt circle. Each bolt is placed in a 90-degree, '74-in. radius slot in the top plate, with each bolt
torqued to 80 ft-1b, loosened, then retightened to 70 ft-1b. The top plate is 1 in. thick and 13’ in.
x 13% in. wide. The keeper plate is 0.01563 in. thick and is 10'%1s in. x 10'%i6 in. wide with a 6%4-
in. center hole diameter. The slip plate is 2% in. thick in total, with an upper portion thickness of
1% in., a bottom portion thickness of 1 in., and a center hole diameter of 6% in. The slip base plate
is 15 in. x 15 in. and secured by 1-in. diameter bolts with heavy hex nuts in a 13-in. diameter bolt
circle. Drawings of the Wyoming DOT slip base are provided in Figures 6 and 7.
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Figure 6. Wyoming DOT Slip Base Details [14]
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Figure 7. Wyoming DOT Slip Base Details, Cont. [14]

2.2.6 North Carolina DOT Slip Base Design

North Carolina DOT uses a luminaire slip base, as shown in their standard plans [16]. North
Carolina DOT utilizes what appears to be a unique 4-bolt slip base system. Minimal details are
available, with only a single drawing found. Details are provided in Figure 8.
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Figure 8. North Carolina DOT Slip Base [16]
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2.2.7 North Dakota DOT Slip Base Details

North Dakota DOT is not a part of the Midwest Pooled Fund Program, but their standard
plans for luminaire poles with a typical 3-bolt slip base were located and reviewed [17]. The slip
base is secured by 17-in. diameter bolts with heavy hex nuts. Each bolt is placed in a 60-degree,
i6-1n. radius slot in the top plate, with each bolt torqued to 83 ft-1b. The top plate is 1% in. thick.
The keeper plate is 0.0149 in. thick. The slip plate is 2)%-in. thick in total, with an upper portion
thickness of 1% in. and bottom portion thickness of 1 in. Additional details, such as bolt circle
diameters, were either not provided or are dependent on the shaft diameter of the mounted
luminaire pole. Note that North Dakota is the only state in the literature review that adjusts the
physical parameters of the slip base (e.g., clamp bolt circle and anchor bolt circle) based on the
manufacturer-provided shaft diameter of the pole. Drawings of the North Dakota DOT slip base
are provided in Figure 9.
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Figure 9. North Dakota DOT Slip Base Details [17]
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West Virginia DOT is not a part of the Midwest Pooled Fund Program, and their current
standard plans do not have drawings of slip base. However, the 1994 plan set had luminaire slip
base standard plans which were thought to be unique and useful [18]. West Virginia utilized a
typical 3-bolt slip base system, with details presented in tabular form, as shown in Figure 10. This
system is distinctive because, unlike other DOTs, West Virginia DOT adjusted the dimensions of
the slip base based on the mounted luminaire pole in their 1994 plan set. The only other state DOT
that modifies the slip base dimensions based on the luminaire pole is North Dakota, as discussed
in Section 2.2.7. The various values shown in Figure 10 correspond to the luminaire pole slip base
drawings in Figure 11.
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Figure 10. West Virginia DOT Luminaire Slip Base Design Table (Out-of-date) [18]
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Figure 11. West Virginia DOT Slip Base Design (Out-of-date) [18]

Note that these drawings were included in West Virginia DOT’s 1994 standard plan set but
are not present in the current 2019 plan set. The West Virginia DOT appears to prefer transformer
bases, as these have remained in the current plan set used by the state.

2.2.9 Washington DOT Slip Base Details

Washington DOT is not a part of the Midwest Pooled Fund Program, but their standard
plans for luminaire poles with a typical 3-bolt slip base were found in their 2023 standard plans
[19]. The slip base is secured by 1's-in. diameter bolts with heavy hex nuts. The bolt torque varies
depending on the arm configurations, with 90 ft-1b for a single arm and 100 ft-1b for dual arms.
The top plate is 1% in. thick and the keeper plate is 0.0299 in. thick. The slip plate is 2% in. thick
in total, with an upper portion thickness of 1%4 in. and bottom portion thickness of 1%4 in. The slip
bolt circle is 15 in. Drawings of the slip base are provided in Figure 12.
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2.2.10 Oregon DOT Slip Base Details

Oregon DOT is not a part of the Midwest Pooled Fund Program, but their standard plans
for luminaire poles with a typical 3-bolt were found in their standard drawings [20]. The slip base
is secured by 1%-in. diameter bolts with heavy hex nuts. The bolt torque varies depending on the
number of arms, with 90 ft-1b for a single arm and 100 ft-1b for dual arms. The top plate is 1% in.
thick and the keeper plate is 0.0299 in. thick. The slip plate is 2% in. thick in total, with an upper
portion thickness of 1% in. and bottom portion thickness of 1% in. The slip bolt circle is 15 in.
Drawings of the slip base are provided in Figures 13 and 14.
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Figure 13. Oregon DOT Slip Base Details [20]
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2.2.11 Arizona DOT Slip Base Details

Arizona DOT is not a part of the Midwest Pooled Fund Program, and current standard
plans for luminaire poles with a slip base were not found. However, an older plan set with
luminaire pole slip base drawings was located. These drawings showed a fairly typical 3-bolt slip
base that was used in a series of crash tests, which are further discussed in Section 2.3.3.

The Arizona slip base plans were not available through the DOT website, instead located
in the report for the crash test discussed in Section 2.3.3 and in the presentation “Arizona DOT
Statewide Light Pole Slip-Away Base Replacement Prioritization” by Arizona DOT and
Greenlight Traffic Engineering [21]. The presentation’s focus was on the replacement of luminaire
pole slip base systems due to undesirable performance. Although the presentation does not present
an alternative to luminaire pole slip base breakaway devices, it is assumed that luminaire pole
transformer base breakaway devices were used to replace slip base systems and are the current
standard since the current plan set published by Arizona DOT only has luminaire pole aluminum
transformer base breakaway devices. The outdated Arizona slip base drawings are shown in Figure
15.
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2.3 Previous Slip Base Luminaire Full-Scale Crash Tests

Over the past forty years, a total of 20 full-scale crash tests have been conducted on various
luminaire poles supported by slip bases. These tests were conducted by MwRSF, Texas
Transportation Institute (TTI), or Caltrans, with each test using the most current evaluation criteria
available at the time. The evaluation criteria used are outlined in NCHRP Report No. 230 [22],
NCHRP Report No. 350 [23], or MASH [2].

2.3.1 Lightweight Luminaire Systems

In 1984, a series of tests were conducted by MwRSF on various lightweight luminaire pole
systems [24]. Test nos. 404 and 405 involved a 35-ft tall steel luminaire with one single 20-ft long
mast arm mounted on a 3-bolt breakaway slip base. The pole had a wall thickness of 0.179 in. and
was tapered to the top, with a bottom diameter of 107 in. and a top diameter of 6 in. The pole was
made of galvanized steel and weighed approximately 883 1b. The systems shared many similarities
with the Caltrans Type 31 luminaire system. The luminaire pole configuration is shown in Figure
16.
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Figure 16. Caltrans Type 31 Luminaire System — Test Nos. 404 and 405 [24]
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A modified Caltrans Type 31 luminaire system with a 3-bolt slip base was used in test nos.
406 and 407, conducted under NCHRP Report 230 criteria. This system shares similar features
with test nos. 404 and 405, also conducted under NCHRP Report 230 criteria, with the following
exceptions: (1) the pole height was 33 feet, (2) the pole base diameter was 10 in., (3) the pole top
diameter was 5% in., (4) the pole wall thickness was 0.1193 in., and (5) the pole weighed 627 1b.

In test no. 404, a 2,015-1b Honda Civic impacted the luminaire pole at a speed of 19.9 mph
and an angle of 30 degrees according to the recommended procedures outlined in NCHRP Report
No. 230. The target impact point was the centerline of the vehicle, aligned with the centerline of
the luminaire pole. In this test, the vehicle impacted the pole and the slip base engaged. The pole
rolled over the vehicle’s hood and roof, causing minimal damage to the vehicle. However, the top
of the pole and the mast arm sustained significant damage from the impact with the ground. The
recorded occupant impact velocity (OIV) was 8.5 ft/s and the occupant ridedown acceleration
(ORA) was 5.4 g’s. The test did not meet the structural adequacy criteria. Note that there were no
posttest photographs taken at the time of the test. Sequential photographs of the test are shown in
Figure 17.

Figure 17. Sequential Photographs, Test No. 404 [24]

In test no. 405, a 2,050-1b Honda Civic impacted the luminaire pole at a speed of 53.9 mph
and at an angle of 30 degrees according to the recommended procedures outlined in NCHRP
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Report No. 230. The target impact point was approximately 13 in. to the right of the vehicle’s
centerline. In this test, the vehicle impacted the pole, and the slip base engaged. The pole did not
fall onto the vehicle, but there was significant damage to the top of the pole and the mast arm from
the impact on the ground. The vehicle’s bumper was severely deformed, though the rest of the
vehicle sustained minimal damage. The recorded OIV was 12.4 ft/s and the ORA was 7.2 g’s. The
test did not meet the structural adequacy criteria. There were no posttest photographs taken at the
time of the test. Sequential photographs of the test are shown in Figure 18.

\

\-

Figure 18. Sequential Photographs, Test No. 405 [24]

In test no. 406, a 2,015-1b Honda Civic impacted the luminaire pole at a speed of 58.8 mph
and an angle of 30 degrees according, in accordance with NCHRP Report No. 230. The target
impact point was approximately 19 in. to the right of the vehicle’s centerline. In this test, the pole
did not fall onto the vehicle, though there was significant damage to the top of the pole and mast
arm from the impact on the ground. The recorded OIV was 13 ft/s and the ORA was 7.2 g’s. The
test did not meet the structural adequacy criteria. Sequential photographs of the test are shown in
Figure 19.
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Figure 19. Sequential Photographs, Test No. 406 [24]

In test no. 407, a 2,015-1b Honda Civic impacted the luminaire pole at a speed of 23.7 mph
and at an angle of 30 degrees, in accordance with NCHRP Report No. 230. The target impact point
was approximately 3 in. to the right the centerline of the vehicle aligned with the centerline of the
luminaire pole. In this test, the pole did not fall onto the vehicle, though there was significant
damage to the top of the pole and mast arm from the impact with the ground. The recorded OIV
was 8.6 ft/s and the ORA was 5.7 g’s. The test did not meet the structural adequacy criteria.
Sequential photographs of the test are shown in Figure 20.
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Figure 20. Sequential Photographs, Test No. 407 [24]

2.3.2 Utah Luminaire Pole System Full-Scale Crash Tests

Test nos. USBLM-1 and USBLM-2, conducted on the Utah DOT system, involved a 52-ft
steel luminaire pole with dual 15-ft mast arms attached 10 in. below the top of the pole mounted
on a 4-bolt slip base [5]. The pole had a bottom diameter of 10 in. and was tapered to a top diameter
of 3 in. with a wall thickness of 0.125 in. The pole was made of ASTM A595 Grade A steel and
weighed approximately 902 Ib. The slip base was secured by 1-in. diameter bolts with heavy hex
nuts in a 13-in. diameter bolt circle. Each bolt was placed in a 60-degree, '742-in. radius slot in the
top plate, with each bolt torqued to 70 ft-1b. The top plate was 1 in. thick and 13% in. x 13% in.
wide. The keeper plate was 0.0149 in. thick and was 10%s in. x 10% in. wide with a 6%4-in. center
hole diameter. The slip plate was 2/ in. thick in total, with an upper portion measuring 1% in. and
the lower portion 1 in. thick. The center hole diameter was 6% in. The ground slip plate was secured
by 1-in. diameter anchor bolts with heavy hex nuts in a 16-in. diameter bolt circle. The anchor
bolts were doweled into the existing concrete surface using high strength epoxy and grout. The
luminaire pole configuration and slip base are shown in Figures 21 and 22, respectively.
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Figure 22. Utah Slip Base, Test Nos. USBLM-1 and USBLM-2 [5]
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In test no. USBLM-1, a 1,750-1b Dodge Colt impacted the luminaire pole at a speed of 15
mph and an angle of 0 degrees, in accordance with NCHRP Report No. 230 test designation no.
3-62. The target impact point was the vehicle’s centerline aligned with the centerline of the
luminaire pole. The slip base engaged up impact and the pole fell onto the roof of the vehicle,
though damage was minimal to both vehicle and pole, as shown in Figure 23. The recorded OIV
was 7.6 ft/s and the ORA was 3.5 g’s. The test met all NCHRP Report No. 230 safety criteria.

Figure 23. Post-Test Photograph, Test Nos. USBLM-1 [5]

Test no. USBLM-2 used the same Dodge Colt as test no. USBLM-1 after the vehicle was
repaired. The 1,750-1b vehicle impacted the luminaire pole at a speed of 57.5 mph and an angle of
0 degrees, in accordance with NCHRP Report No. 230 test designation no. 3-63. The target impact
point was the centerline of the vehicle aligned with the centerline of the luminaire pole. Upon
impact, the vehicle struck the pole and the slip base engaged. The pole did not fall onto the vehicle,
but there was significant damage to the top of the pole from the impact with the ground. The
vehicle sustained minimal damage, as shown in Figure 24. The recorded OIV was 14.2 ft/s and the
ORA was 1 g. The test met all NCHRP Report No. 230 safety criteria for test designation no. 3-63.
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Figure 24. Post-Test Photograph, Test No. USBLM-2 [5]

2.3.3 Arizona Luminaire Pole System Full-Scale Crash Tests

In 1994, a series of tests were conducted by TTI on a luminaire system used by the Arizona
DOT [25]. Test nos. 472360-1 and 472360-2 involved a 45-ft tall steel luminaire with one single
20-ft long mast arm mounted on a 3-bolt slip base. The pole had a 7-gauge wall thickness and was
tapered to the top, with a bottom diameter of 10 in. and a top diameter not being measured. The
pole was made of ASTM A595 Grade A steel and weighed approximately 997 1b. The luminaire
pole and slip base are shown in Figures 25 and 26. Test no. 472360-3 used the same system
hardware as test nos. 472360-1 and 472360-2, except in test no. 472360-3 the pole was 40-ft tall
and the pole weighed approximately 850 Ib. Note that the slip base utilized in the full-scale crash
tests are identical to the slip base design discussed in Section 2.2.11 and is no longer utilized in
the Arizona DOT standard plans.
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Figure 26. Arizona Slip Base, Test Nos. 472360-1, 472360-2, and 472360-3 [25]



December 18, 2025
MwRSF Report No. TRP-03-481-25

In test no. 472360-1, an 1,808-1b Subaru Justy impacted the luminaire pole at a speed of
63.5 mph and an angle of 0 degrees, in accordance with NCHRP Report No. 350 test designation
no. 3-61. The target impact point was the centerline of the vehicle aligned with the centerline of
the luminaire pole. In this test, the vehicle impacted the pole and the slip base engaged. The pole
did not fall onto the vehicle, as shown in Figure 27, though there was significant damage to the
top of the pole and mast arm from the impact with the ground, shown in Figure 28. The vehicle’s
bumper was severely deformed, though there was little damage to the rest of the vehicle. The
recorded OIV was 16.4 ft/s and the ORA was 1.6 g’s. Although the OIV was equivalent to the OIV
limit in NCHRP Report No. 350, the OIV did not exceed the limit of 16.4 ft/s, thus the test met all
evaluation criteria.

'h‘ bk e Ta

Figure 27. Vehicle Damage, Test No. 472360-1 [25]
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Figure 28. Luminaire Pole Damage, Test No. 472360-1 [25]

In test no. 472360-2, an 1,808-1b Subaru Justy impacted the luminaire pole at a speed of
22.2 mph and an angle of 0 degrees, in accordance with NCHRP Report No. 350 test designation
no. 3-60. The target impact point was the centerline of the vehicle aligned with the centerline of
the luminaire pole. In this test, upon impact, the slip base engaged. The pole fell onto the roof of
the vehicle and caused significant deformation of the roof, with a maximum roof crush of 6.5 in.,
as shown in Figure 29. The top of the luminaire pole was damaged and the mast arm detached
from the pole, as shown in Figure 30. The recorded OIV was 8.6 ft/s and the ORA was 3.2 g’s.
Although NCHRP Report No. 350 did not define a specific limit for occupant compartment
deformation, the testing agency (TTI) determined that there was “severe deformation of or
intrusion into the occupant compartment from the roof crush.” Based on this engineering judgment,
the test failed to meet the occupant risk criteria under NCHRP Report No. 350 and a system
redesign was initiated.
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Figure 29. Vehicle Damage, Test No. 472360-2 [25]
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Figure 30. Luminaire Pole Damage, Test No. 472360-2 [25]

In test no. 472360-3, an 1,808-1b Subaru Justy impacted the luminaire pole at a speed of
22.2 mph and an angle of 0 degrees, in accordance with NCHRP Report No. 350 test designation
no. 3-60. The target impact point was the centerline of the vehicle aligned with the centerline of
the luminaire pole. Upon impact, the slip base was activated and broke away. The pole fell onto
the roof of the vehicle, deforming the roof by 4.7 in., as shown in Figure 31. The top of the
luminaire pole was damaged and the mast arm detached from the pole, as shown in Figure 32. The
recorded OIV was 9.3 ft/s and the ORA was 2.4 g’s. The test was deemed marginally acceptable
as it met the evaluation criteria of the time. Note that there was no limit to occupant compartment
deformation under NCHRP Report No. 350. However, under current MASH crash testing
standards, test no. 472360-3 would not pass evaluation due to the occupant compartment
deformation exceeding the 4.0-in. limit.
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Figure 32. Luminaire Pole Damage, Test No. 472360-3 [25]

2.3.4 Wyoming DOT Road Closure Luminaire Pole System Full-Scale Crash Tests

Test no. 472280-1, conducted on the Wyoming system, involved an 18-ft tall steel pole
with a single 8-ft mast arm mounted on a 4-bolt breakaway slip base [14]. The pole had a 24-ft
long fiberglass and aluminum gate arm mounted 4 ft above the ground when in the down position.
The pole had a bottom diameter of 9 in. and was tapered to a top diameter of 6’2 in. with a wall
thickness of 0.125 in. The pole material was ASTM AS595 Grade A steel and weighed
approximately 800 Ib. The slip base was secured by 1-in. diameter bolts with heavy hex nuts in a
13-in. diameter bolt circle. Each bolt was placed in a 90-degree, '732-in. radius slot in the top plate,
with each bolt torqued to 80 ft-1b. The top plate was 1 in. thick and 13’ in. x 13 in. wide. The
keeper plate was 0.01563 in. thick and was 10'%16 in. x 10'V16 in. wide with a 6%-in. center hole
diameter. The slip plate was 2’2 in. thick in total, with an upper portion thickness of 1’ in. and
bottom portion thickness of 1 in., and a center hole diameter of 6% in. The slip plate is secured by
1-in. diameter bolts, with heavy hex nuts, in a 16-in. diameter bolt circle.
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Test nos. 472280-2 and 472280-3 used the same system hardware as test no. 472280-1 with
the following exceptions: (1) the poles used in test nos. 472280-2 and 472280-3 were 29 ft tall, (2)
the bottom diameter of the poles was 8 in., (3) the top diameter of the poles was 4 in., and (4) the
poles each weighed approximately 900 1b. The luminaire pole configuration is shown in Figure
33.

Figure 33. Wyoming Road Closure Luminaire System, Test Nos. 472280-2 and 472280-3 [14]

In test no. 472280-1, an 1,808-1b Chevrolet Sprint impacted the luminaire pole at a speed
of 21.6 mph and an angle of 0 degrees, in accordance with NCHRP Report No. 350 test designation
no. 3-60 [23]. The target impact point was the left quarter point of the vehicle aligned with the
centerline of the luminaire pole. In this test, the vehicle impacted the pole and the slip base
engaged. The pole fell onto the vehicle, causing significant deformation of the vehicle’s roof. The
B- and C-pillars bent inward on both sides, as shown in Figure 34, with a total roof crush of 6.3
in. There was little damage to the pole, as shown in Figure 35. The recorded OIV was 5.5 ft/s and
the ORA was 0.8 g’s. The test did not meet the evaluation criteria under NCHRP Report No. 350.
Thus, the system failed and a redesign took place.
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Figure 35. Luminaire Pole Damage, Test No. 472280-1 [14]

In test no. 472280-2, an 1,808-1b Chevrolet Sprint impacted the luminaire pole at a speed
of 19.7 mph and an angle of 0 degrees, in accordance with NCHRP Report No. 350 test designation
no. 3-60. The target impact point was the left quarter point of the vehicle aligned with the centerline
of the luminaire pole. The slip base broke away upon impact. The pole fell onto the vehicle’s roof,
causing significant deformation of the left rear quarter of the roof and damage to the windshield,
as shown in Figure 36. The mast arm detached from the pole and the closure gate was partially
damaged, as shown in Figure 37. The recorded OIV was 7.6 ft/s and the ORA was 0.3 g’s.
However, the test met all evaluation criteria under NCHRP Report No. 350.
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Figure 36. Vehicle Damage, Test No. 472280-2 [14]
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Figure 37. Luminaire Pole Damage, Test No. 472280-2 [14]

In test no. 472280-3, an 1,808-1b Chevrolet Sprint impacted the luminaire pole at a speed
of 62.2 mph and an angle of 0 degrees, in accordance with NCHRP Report No. 350 test designation
no. 3-61. The target impact point was the right quarter point of the vehicle aligned with the
centerline of the luminaire pole. In this test, the vehicle impacted the pole and the slip base
engaged. The pole did not land on the vehicle and there was minimal damage to the vehicle, as
shown in Figure 38. However, the pole was broken at the location of the pivot rod for the gate arm
attachment due to impact with the ground, as shown in Figure 39. The recorded OIV was 10.5 ft/s
and the ORA was 0.9 g’s. The test met all evaluation criteria under NCHRP Report No. 350.
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Figure 39. Luminaire Pole System Damage, Test No. 472280-3 [14]

2.3.5 California Luminaire System Full-Scale Crash Tests

Caltrans has conducted crash testing on various luminaire pole systems that are still part of
their standard plans [8, 26]. In 2002, test no. 617 involved a 3-bolt slip base, identical to the
Caltrans Type 30 slip base discussed in Section 2.2.1. A 40-ft tall steel luminaire pole with a high-
pressure sodium filled lamp mounted directly to the top of the pole was used, as shown in Figure
40. The pole had a wall thickness of 0.135 in. and was tapered to the top, with a bottom diameter
of 8 in. and a top diameter of 3 in. The pole weight was not recorded.
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Figure 40. Caltrans Pole with Top-Mounted Luminaire, Test No. 617 [26]

In test no. 617, a 1,759-1b Geo Metro impacted the luminaire pole at an impact speed of
23.9 mph and at an impact angle of 0 degrees, in accordance with NCHRP Report No. 350 test
designation no. 3-60. The target impact point was the centerline of the vehicle aligned with the
centerline of the luminaire pole. In this test, the vehicle impacted the pole, and the slip base
engaged. The pole fell onto the roof of the vehicle and caused significant deformation of the roof,
with a maximum roof crush of 2.5 in., as shown in Figure 41. The top of the luminaire was
damaged, and the mounted light was destroyed. The recorded OIV was 8.1 ft/s and the ORA was
1.3 g’s. Although there was not a defined limit to occupant compartment deformation in NCHRP
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Report No. 350, the testing agency (i.e., Caltrans) determined that “[t]here was unacceptable
occupant compartment deformation,” thus the test failed the occupant risk criteria under NCHRP
Report No. 350 based on engineering judgement rather than a violation of a defined limit, meaning
that the test did not meet the evaluation criteria. There were no efforts toward retesting or
redesigning the system.

Figure 41. Vehicle Damage, Test No. 617 [26]
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Test nos. 618 and 616 were conducted on an 18-ft tall steel luminaire mounted on a 3-bolt
slip base, with a warning sign mounted 10 ft — 6 in. from the ground and two flashing beacons,
one mounted at 7 ft — 6 in. and the other at 16 ft from the ground. The pole had a wall thickness of
0.1196 in. and was tapered to the top, with a bottom diameter of 8 in. and a top diameter of 5% in.
The pole material was steel, and pole weight was not recorded. The luminaire pole is shown in
Figure 42.

“

Figure 42. Caltrans Warning Beacon Luminaire Pole, Test Nos. 618 and 616 [26]
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In test no. 618, an 1,863-1b Geo Metro impacted the luminaire pole at a speed of 23.7 mph
and an angle of 0 degrees, in accordance with NCHRP Report No. 350 test designation no. 3-60.
The target impact point was the centerline of the vehicle aligned with the centerline of the
luminaire pole. In this test, upon impact, the slip base was activated and broke away. The pole fell
onto the roof of the vehicle and caused significant deformation of the roof and crushing of the
windshield, with a maximum roof crush of 3.5 in., as shown in Figure 43. The top of the luminaire
pole and the top beacon were damaged, as shown in Figure 44. The recorded OIV was 7.8 ft/s and
the ORA was 1.1 g’s. The test was deemed to meet evaluation criteria in NCHRP Report No. 350
since the location of the roof deformation presented minimal danger to occupants, and the occupant
compartment deformation was described as moderate. The test would pass current evaluation
standards under MASH since the occupant compartment deformation of 3.5 in. is below the 4-in.
limit.

-~
)

Figure 43. Vehicle Damage, Test No. 618 [26]
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Figure 44. Luminaire Pole Damage, Test No. 618 [26]

In test no. 616, a 1,764-1b Geo Metro impacted the luminaire pole at a speed of 63.8 mph
and an angle of 0 degrees, in accordance with NCHRP Report No. 350 test designation no. 3-61.
The target impact point was the centerline of the vehicle aligned with the centerline of the
luminaire pole. Upon impact, the slip base was activated and broke away. The pole did not fall on
the roof of the vehicle. The vehicle experienced significant bumper deformation but had minimal
damage otherwise, as shown in Figure 45. The pole suffered damage to both beacons and the sign,
as shown in Figure 46. The recorded OIV was 11.4 ft/s and the ORA was 3.08 g’s. The test met
all evaluation criteria in NCHRP Report No. 350.
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Figure 46. Luminaire Pole Damage, Test No. 616 [26]
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2.3.6 Recent Caltrans Luminaire and Beacon System Full-Scale Crash Tests

Test nos. 430MASHC17-01, 430MASHC20-01, 430MASHC22-01, and 430MASHC23-
01 were conducted between 2018 and 2022 on an 18-ft tall steel luminaire pole mounted on a 3-
bolt Type 15-FBS slip base, with a pedestrian crossing sign mounted at 10 ft — 6 in. above the
ground and dual flashing beacons mounted at 16 ft above the ground [9]. The pole had a wall
thickness of 0.1196 in. and was tapered to the top, with a bottom diameter of § in. and a top
diameter of 5% in. The pole weight was not recorded. Due to the recent testing of these systems,
no final report is available. However, video, data, and results were provided to MwRSF by Caltrans
as part of this project.

In test no. 430MASHC17-01, a 2,443-1b Nissan Versa impacted the luminaire pole at a
speed of 26.3 mph and an impact angle of 30.95 degrees, in accordance with MASH test
designation no. 3-80. The target impact point was the left quarter point of the vehicle aligned with
the centerline of the luminaire pole. In this test, the vehicle impacted the pole and the slip base
engaged. The pole did not fall onto the vehicle. The vehicle’s bumper was severely deformed,
although the rest of the vehicle sustained minimal damage, as shown in Figure 47. There was
significant damage to the top of the pole and beacons from the impact with the ground. Note that
no post-test photographs of the luminaire were available. The recorded OIV was 8.5 ft/s and the
ORA was 0.8 g’s. The test met all evaluation criteria, though the impact speed was outside of the
19 mph +2.5 mph allowance. Additionally, the test designation used for the system was incorrect:
the correct test designation, according to MASH, was test designation no. 3-60.

Figure 47. Vehicle Damage, Test No. 430MASHC17-01 [9]
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For test no. 430MASHC20-01, an evaluation was not completed, thus there is very limited
data. In the test, a Nissan Versa impacted the system at approximately 19 mph. The left quarter
point of the vehicle was aligned with the centerline of the luminaire. Upon impact, the slip base
did not activate, and the vehicle came to an immediate stop from impact with the pole, as shown
in Figure 48. The OIV was 25 ft/s. Due to the immediate deceleration and excessive OIV, the test
did not meet MASH safety criteria.

Figure 48. Post-Test Photograph, Test No. 430MASHC20-01 [9]

In test no. 430MASHC22-01, the slip base design was modified by increasing the notch
angles of the triangular slip base from 60 degrees to 90 degrees. In this test, a 2,443-1b Nissan
Versa impacted the luminaire pole at a speed of 20.3 mph and an angle of 30 degrees, in accordance
with MASH test designation no. 3-60. The target impact point was the left quarter point of the
vehicle aligned with the centerline of the luminaire pole. In this test, upon impact, the slip base
was activated and broke away. The pole fell onto the left side of the vehicle’s roof and caused
significant roof deformation, with a maximum roof crush of 2.4 in., and the sign panel penetrated
the rear windshield, as shown in Figure 49. The top of the pole was damaged and the mounted
beacons were destroyed. The recorded OIV was 6.9 ft/s and the ORA was 1.9 g’s. The test did not
meet MASH safety criteria.
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Figure 49. Vehicle Damage, Test No. 430MASHC22-01 [9]

In test no. 430MASHC23-02, the luminaire beacon design was modified by removing one
of the two beacons near the top of the pole. The remaining beacon was moved to the top of the
pole and the sign was positioned higher up the pole in an attempt to raise the height of the pole’s
center of gravity (C.G.) and avoid the beacon contacting the vehicle’s rear window. In this test, a
2,372-1b Nissan Versa impacted the modified luminaire pole at a speed of 19 mph and an angle of
30 degrees, in accordance with MASH test designation no. 3-60. The target impact point was the
centerline of the vehicle aligned with the centerline of the luminaire pole. The slip base was
activated and broke away upon impact. The pole fell onto the roof of the vehicle and caused
significant deformation of the roof, with a maximum roof crush of 4.9 in., as shown in Figure 50.
Due to excessive roof crush, the test did not meet the evaluation criteria under MASH, resulting
in system failure. Ongoing efforts are being made to redesign and retest the system.
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Figure 50. Vehicle Damage, Test No. 430MASHC23-02 [9]
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2.3.7 Recent Wyoming Road Closure Luminaire Pole Full-Scale Crash Tests

A current MwRSF research project is evaluating the crashworthiness of Wyoming’s road
closure luminaire pole through full-scale crash testing [15]. As the testing is recent, no final report
is yet available. However, video, data, and results have been provided in-house at MwRSF for use
in this project.

In 2021, test no. WRCG-1 was conducted on a 29-ft tall steel luminaire pole with single
8-ft long mast arm mounted on a 4-bolt breakaway slip base, as shown in Figure 51. The pole had
a 30-ft long fiberglass and an aluminum gate arm 4 ft above the ground when in the down position.
The pole had a bottom diameter of 8 in. and was tapered to a top diameter of 3.94 in. with a wall
thickness of 0.17 in. The pole was made of ASTM A36 Grade A steel and weighed approximately
900 Ib.

Figure 51. Wyoming Road Closure Gate Luminaire Pole, Test No. WRCG-1 [15]
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In test no. WRCG-1, a 2,434-1b Kia Rio impacted the luminaire pole at a speed of 20.1
mph and an angle of 25 degrees, in accordance with MASH test designation no. 3-60. The target
impact point was the left quarter point of the vehicle aligned with the centerline of the luminaire
pole. The slip base was activated and broke away upon impact. The pole fell onto the top left
quarter of the windshield and caused cracking and puncturing, as shown in Figure 52. The top of
the luminaire pole was damaged, as shown in Figure 53. The test did not meet the evaluation
criteria under MASH due to intrusion into the occupant compartment from the windshield
puncture, resulting in system failure. The project is ongoing, and additional full-scale crash tests
may be conducted in the future.

Figure 52. Vehicle Damage, Test No. WRCG-1 [15]
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Figure 53. Luminaire Pole Damage, Test No. WRCG-1 [15]

2.4 Other Notable Slip Base Guidance and Testing

A series of pendulum tests were conducted and published in Eligibility Letter No. LS-16,
which can be found in Appendix C [27]. These pendulum tests utilized a standard Caltrans Type
31 luminaire pole with 3-bolt slip base, similar to a Caltrans Type 30 slip base. A key difference
in this slip base is that the keeper plate is 0.0359-in. thick, compared to the typical 0.0149 in. (28
gauge). The clamp force study, discussed below, uses the 0.0359-in. thick keeper plate, while the
thickness of the keeper plate varied between tests in the keeper plate study.

The pendulum testing consisted of two series of tests along with documentation of previous
testing. In the first series, called the “clamp force study,” identical systems were tested with the
only difference between tests being the torque applied to the slip bolts. In the second series of tests,
called the “keeper plate study,” identical systems were tested except for variations in the keeper
plate thickness, which was altered between tests.

The pendulum testing documented in Eligibility Letter LS-16 highlighted significant
behavior in slip base luminaire systems. Specifically, even with identical systems, impact speeds,
“estimated clamp bolt force,” and keeper plate thickness, the calculated OIV varied drastically.
Note that this behavior was observed in this testing series for a 3-bolt design with an estimated
preload and therefore may not be representative of all luminaire pole slip bases. The eligibility
letter does not specify a method for ensuring that the desired clamp force was consistently
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achieved, so the varying performance may be attributed to discrepancies in the estimated clamp
bolt force between tests. In other words, the clamp bolt force may not have been identical in two
tests, even though the results table indicated the same estimated clamp bolt force. The drawings of
the slip base used in the tests are shown in Figure 54. The results of the clamp force study are
shown in Figure 55. Note that the pole thickness in this series was 0.1345 in. (10 gauge), which is
thicker than the typical 11 gauge in most modern poles.

In one case, two tests were conducted on an identical system, each with an estimated clamp
force of 5,891 1b. In test no. 89F017, the system was impacted at 20.6 mph, resulting in an OIV of
21.4 ft/s. In test no. 89F007, the system was impacted at 20.7 mph, resulting in an OIV of 8.3 ft/s.
The difference in OIV values between these identical tests was 13.1 ft/s.

In another case, two tests were conducted on an identical system, each with an estimated
clamp force of 7,614 Ib. In test no. 89F015, the system was impacted at 20.5 mph, resulting in an
OIV of 14.8 ft/s. In test no. 89F008, the system was impacted at 20.5 mph, resulting in an OIV of
6.4 ft/s. The difference in OIV values between these identical tests was 8.4 ft/s.

In yet another case, two tests were conducted on an identical system, each with an estimated
clamp force of 9,817 Ib. In test no. 89F017, the system was impacted at 20.8 mph, resulting in an
OIV of 23.2 ft/s. In test no. 89F011, the system was impacted at 20.5 mph, resulting in an OIV of
7.7 ft/s. The difference in OIV values between these identical tests was 15.5 ft/s.

In the final case, there were two tests on an identical system, each with an estimated clamp
force of 11,780 Ib. In test no. 89F012 the system was impacted at 20.6 mph with a resulting OIV
of 36.9 ft/s, while in test no. 89F010 the system was impacted at 20.7 mph with a resulting OIV of
20.6 ft/s. The difference in OIV values between the identical tests is 16.3 ft/s.

From these pendulum tests, it can be concluded that slip base behavior varies greatly, even
when tested under nearly identical conditions. The systems tested in this series are nearly identical
to systems used by many state DOTs, or at least are present in their plan sets, which highlights a
concern about the performance of the slip-base systems in use today. Again, it is important to note
that the keeper plate thickness in some tests, as discussed before, was over double the thickness of
what is commonly used today.

In one case, there were three tests on an identical system, each without a keeper plate and
with a clamp force of 12,500 1b. In test no. 90P024, the system was impacted at 19.8 mph with a
resulting OIV of 8.8 ft/s; in test no. 90P025 the system was also impacted at 19.8 mph with a
resulting OIV of 13.2 ft/s; and in test no. 90P026, the system was impacted at 19.9 mph with a
resulting OIV of 11.1 ft/s. The range in OIV values between the identical tests is 4.4 ft/s.

In another case, there were two tests on an identical system, each with a 0.0149-in. thick
keeper plate, which is typical for modern systems, and a clamp force of 12,500 Ib. In test no.
90P027 the system was impacted at 20.0 mph with a resulting OIV of 16.9 ft/s, while in test no.
90P028 the system was impacted at 19.8 mph with a resulting OIV of 35 ft/s. The difference in
OIV values between the identical tests was 18.1 ft/s.
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Figure 55. Eligibility Letter LS-16 Pendulum Testing - Clamp Force Study [27]
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Figure 56. Eligibility Letter LS-16 Pendulum Testing — Keeper Plate Study [27]
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In another case, there were two tests on an identical system, each with a 0.0149-in. thick
keeper plate, which is typical for modern systems, and a clamp force of 3,600 Ib. In test no. 90P029
the system was impacted at 20.0 mph with a resulting OIV of 5.6 ft/s, while test no. 90P032 the
system was also impacted at 20.0 mph with a resulting OIV of 7.0 ft/s. The difference in OIV
values between the identical tests is 1.4 ft/s.

In yet another case, there were two tests on an identical system, each with a 0.0149-in.
thick keeper plate, which is typical for modern systems, and a clamp force of 9,000 Ib. In test no.
90P034 the system was impacted at 20.0 mph with a resulting OIV of 11.8 ft/s, while in test no.
90P032 the system was also impacted at 20.0 mph with a resulting OIV of 35.4 ft/s. The difference
in OIV values between the identical tests is 23.6 ft/s.

Again, the pendulum tests show that slip-base behavior can vary significantly, even under
nearly identical testing conditions. It is important to note that significant variations in performance
were observed in this test series for a 3-bolt design with an estimated preload. This behavior is
likely to occur in all luminaire pole slip bases, including 4-bolt slip bases. Investigation of the
variability in slip base performance was not within the scope of the current project, though it was
understood and considered in the modeling and validation process, i.e., these findings were taken
into consideration when developing a validation model against OIV data from a previous full-scale
crash test.

Eligibility Letter LS-16 also included various guidance on geometries and practices when
utilizing slip bases. In particular, it provided recommendations on minimum and/or maximum
dimensions for slip base parts. The guidance on slip base dimensions was tabularized and is shown
in Table 1. Guidance on clamp bolt tension was also provided, as shown in Table 2.

Table 1. Recommended Slip Base and Pole Geometry [27]

Slip Base Part Minimum Maximum
Pole Wall Thickness 0.1196 in. (11 gauge) -
Bolt Circle Diameter 14 in. -
Base Plate Thickness I in. 174 in.
Lower Slip Plate Thickness 14 1n. 1'% 1n.
Anchor Plate Thickness - 174 in.
Steel Keeper Plate Thickness - 0.0149 in. (28 gauge)
Height of Top of Lowe? Slip i 4in.
Plate from Ground Line
Clamp Bolt Diameter g 1n. 1% in.
Clamp Bolt Tension per Bolt - 8,000 1b
Mounting Height - 56.5 ft
System Weight* - 1,000 1b

“-” denotes dimensions that were not provided or suggested
*system weight includes the base plate, pole, mast connections, mast arms, and luminaires
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Table 2. Recommended Maximum Slip Bolt Torque [27]

Bolt Diameter Torque
(in.) (ft-1b)
7s 87
1 95
1'% 104
1Ya 111

The bolt torques provided are generally similar to the recommended bolt torques in state
DOT plans. The guidance provided in Eligibility Letter LS-16 is as follows: (1) clamp bolts should
be galvanized ASTM A325; (2) rectangular clamp bolt washers shall be sufficient length, width,
and thickness to prevent significant deflection or bending when clamp bolt is loaded to its tensile
capacity; and (3) the hole in the clamp bolt washer should be the bolt diameter plus ¥is in. with
edges chamfered to prevent binding with radius under the bolt head.

Additionally, the letter provides guidance on the orientation of 3-bolt slip base systems.
The ideal orientation of a triangular 3-bolt slip base is to have a side of the slip base perpendicular
to the direction of adjacent travel. A less preferred, though still acceptable, orientation of the slip
base is to position the mast arm directly over a clamp bolt or at the midpoint between two clamp
bolts, bisecting the edge of the pole base plate. It was not recommended to orient the slip base so
that a clamp bolt is positioned parallel and directly facing the direction of travel. There is no
suggestion on the ideal orientation of the slip base should a dual arm luminaire pole system be
desired, though it can be reasoned that the second orientation would suffice, with one mast arm
positioned directly over a clamp bolt and the other mast arm positioned directly between two clamp
bolts, bisecting an edge of the pole base plate. The slip base orientation suggestions are shown in
Figure 57.
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Figure 57. Eligibility Letter LS-16, Acceptable 3-bolt Slip Base Orientation [27]
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3 BASELINE SIMULATION MODEL AND VALIDATION

An LS-DYNA finite element model of the Utah DOT (UDOT) 4-bolt breakaway slip base
and the luminaire pole was developed and validated against full-scale crash testing previously
conducted by MwRSF [5].

The USBLM test series, previously discussed in Section 2.3.2, was chosen for validation
of the 4-bolt slip base because: (1) the tests involved a 50-ft pole with dual 15-ft mast arms,
representing the heaviest and tallest pole allowed to be mounted on a slip base based on the
literature review, which presented a likely worst-case scenario for roof crush and OIV; (2) 4-bolt
slip bases are typically selected to support heavier poles, which are most critical for roof crush and
OIV; (3) test no. USBLM-1 was conducted with the test vehicle traveling at 15 mph, the lowest
speed of all available crash tests, therefore presenting the most critical case for slip base activation;
and (4) the tests were conducted at MwRSF [5], where the test videos and data are readily
available. The 4-bolt slip base used in the full-scale crash test was identical to the system currently
in use in Utah, as described in Section 2.2.4 [11].

The model was developed using LS-DYNA Version 10.1 [7]. The model consisted of
several components, including the 4-bolt slip base, pole, mast connections, mast arms, and
surrogate luminaire weights.

3.1 LS-DYNA Model Development of Luminaire Pole with Slip Base
3.1.1 4-Bolt Slip Base

The UDOT slip base consisted of a pole base plate, a keeper plate, a ground plate, grout,
eight bolts, twelve nuts, and twenty-four washers. Each part was modeled with identical geometry
and material properties to the physical crash test. The slip base was assembled using LS-PrePost
and is discussed in detail in the following sections.

Pole Base Plate

The pole base plate, constructed from A36 steel, served as the connection between the pole
to the slip base system, which was welded to the bottom of the pole. The pole base plate was 1 in.
thick, 13% in. wide, and 13% in. long, and had a 13-in. bolt circle with four 90-degree, '732-in.
radius slots for securing the slip bolts. The diameter of the inner hollow circle of the plate depended
on the ©pole’s diameter. The pole plate steel was modeled using the
*MAT PIECEWISE LINEAR PLASTICITY material formulation with the stress-strain curve
for A36 steel. The geometry of the pole plate was modeled using type 2 fully integrated solid
elements. The average size of each element was 2 in. A comparison of the model pole plate to the
UDOT drawing is shown in Figure 58.
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Figure 58. Pole Base Plate: Model (left) vs UDOT Drawing (right) [11]

The pole base plate was modelled using two solid elements for its thickness. As a general
rule of thumb, parts modeled as solids should be at least three elements thick to ensure a sufficient
number of integration points across the thickness, which helps better capture bending stresses.
However, for this case, it was assumed that the pole base plate would not experience significant
bending stresses from the slip base preloading or slip base activation. Therefore, modeling the base
plate as two elements thick was considered acceptable.

Keeper Plate

The keeper plate, also referred to as a slip bolt gasket in literature, was constructed of
ASTM 446 steel and placed between the pole base plate and ground plate. It served to hold the slip
bolts in place. The keeper plate was 0.0149 in. thick (28 gauge), 10?'/52 in. wide, and 10%'/3 in.
long. The bolt holes were 1% in. diameter, and the central circle cutout was 67 in. diameter. The
corners of the keeper plate were clipped to ensure proper fracture.

The keeper plate steel was modeled using the MAT PLASTIC KINEMATIC material
formulation with yield stress and tangent modulus values derived from ASTM for ASTM 466
steel. The geometry of the keeper plate was fully modeled using type 16 shell elements, with an
average element size of % in. A comparison of the model keeper plate to the UDOT drawing is
shown in Figure 59.
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Figure 59. Keeper Plate: Model (left) vs UDOT Drawing (right) [11]

Ground Plate

The ground plate, also referred to as the slip plate in literature, was constructed of A36
steel and was placed below the pole base plate and keeper plate. Alongside the pole base plate, the
slip bolts were placed into the ground plate and torqued to secure the slip base. The ground plate
was composed of two layers: a 1)%-in. thick x 11%%-in. wide x 11%2-in. long top layer and a 1-in.
thick x 15-in. wide x 15-in. long bottom layer. The slip bolts were placed in a 13-in. bolt circle in
90-degree, '74-in. radius slots. The inner hollow circle was 6.75 in. in diameter and extended
throughout the plate thickness. The ground plate was secured by four anchor bolts which extended
downward into the grout layer and foundation below. The anchor bolt holes were 1'% in. in
diameter and were 1% in. from each edge of the ground plate.

The ground plate steel was modeled using *MAT PIECEWISE LINEAR PLASTICITY
material formulation using the stress strain curve available for A36 steel. The ground plate
geometry was modeled completely with type 2 fully integrated solid elements. The average size
of each element was % in. A comparison of the model ground plate to the UDOT drawing is shown
in Figure 60.
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Figure 60. Ground Plate: Model (left) vs UDOT Drawing (right) [11]

Grout

The grout was a 3:1 sand and cement dry packed grout, with no further specifications
provided. For the model, the grout was simplified as a 1'2-in. thick plate, fully modeled using type
2 fully integrated solid elements with an average element size /2 in. The material was simplified
to typical Portland concrete with a *MAT PLASTIC KINEMATIC material formulation, with
yield stress and tangent modulus values obtained from common material specifications. All the
bottom nodes of the grout were fixed, where no translation was permitted in any direction in order
to restrain the luminaire system to a ground plane. The grout model geometry is shown in Figure
61.
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Figure 61. Grout Model Geometry
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Slip Bolt Assembly

The slip bolts, also referred to as clamp bolts in the literature, were used to secure the pole
base plate and keeper plate together. The slip bolts were inserted through the outer holes of the
keeper plate. Each slip bolt had a 1-in. diameter and a length of approximately 6.5 in. The bolts
were secured with galvanized heavy nuts, a small washer, and a plate washer on both ends. The
plate washers measured 3 in. long x 2 in. wide x and %% in. thick. The entire slip bolt assembly was
made of A325 steel and torqued to 70 ft-1b. Each component — slip bolt, plate washer, small washer,
and galvanized nut — was assigned a unique *PART keyword in the model.

The four slip bolts and their assemblies were made of the same steel, modeled using the
*MAT PIECEWISE LINEAR PLASTICITY material formulation with stress-strain curves
available for A325 steel. The geometry of the slip bolt assembly was fully modeled using type 2
fully integrated solid elements. The average element size was Y2 in. To simulate the torque applied
to the bolts, a preload was applied to the mid-section of each slip bolt. The details of this preload
are discussed later in this section. The slip bolt assembly is shown in Figure 62.

Figure 62. Slip Bolt Assembly Model

Note that the rectangular plate washers were modeled with a thickness of two solid
elements. As a general rule of thumb, parts modeled as solids should be at least three elements
thick to ensure sufficient integration points across the thickness, which helps capture bending
stresses more accurately. However, the rectangular plate washers were expected to have negligible
bending stresses from the slip base preloading or activation. Thus, modeling them with a thickness
of two elements was deemed acceptable.

Anchor Bolt Assembly

The anchor bolts were used to secure the ground plate to the foundation. Each anchor bolt
had a 1-in. diameter and was approximately 15.5 in. long. The bolts were secured with a galvanized
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heavy-duty nut and a small washer at the top of the ground plate, as well as another washer at the
bottom, embedded in the grout. The anchor bolts were extended deeper into the ground, anchoring
into the foundation. In the model, the bottom nodes of the anchor bolts were fixed, where no
translation was allowed in any direction, to restrain the luminaire system to the ground plane. The
entire anchor bolt assembly was made of A325 steel. Each anchor bolt, small washer, and
galvanized nut was assigned a unique *PART keyword in the model.

The four anchor bolts and their assemblies were made from the same steel, modeled using
the *MAT PIECEWISE LINEAR PLASTICITY material formulation, with stress-strain curves
specific to A325 steel. The geometry of the anchor bolt assembly was fully modeled using type 2
fully integrated solid elements, with an average element size of /2 in. The anchor bolt assembly is
shown in Figure 63.

Figure 63. Anchor Bolt Assembly Model
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Slip Base Assembly

An assembled and annotated slip base model is shown in Figure 64. A detailed list of slip
base parts and their material specifications are provided in Table 3.

Pole Plate

Plate Washer \

round Plate

Large Washer

Small Washer ’

/

Slip Bolt Keeper Plate

Anchor bolt

Figure 64. UDOT Slip Base Model Annotation

Table 3. UDOT Slip Base Parts List

Part Quantity | Material Specification
Ground Plate 1 A36 Steel
Pole Plate 1 A36 Steel
Keeper Plate 1 A446 Steel
Slip Bolt 4 A325 Steel
Slip Nut 4 A325 Steel
Plate Washer 8 A325 Steel
Small Washer 8 A325 Steel
Anchor Bolt 4 A325 Steel
Anchor Nut 8 A325 Steel
Large Washer 8 A325 Steel

(o))
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Contacts

The *CONTACT_AUTOMATIC_SINGLE SURFACE keyword was used to define the
interaction between the solid slip base parts. This type of contact is generally preferred when
working with both solid and shell element types. Note that both the static and dynamic friction
factors for the slip base contact were set to 0.2, a commonly used value for *CONTACT keywords
involving steel-on-steel interaction.

The *CONTACT AUTOMATIC GENERAL keyword was used to define the interaction
between the beam elements of the keeper plate and the slip bolts, as discussed further in the
following section.

Keeper Plate/Slip Bolt Beam Elements

A previous breakaway slip base modeling effort at MwWRSF encountered an issue with
keeper plate rupture due to the interaction between the keeper plate, modeled with shell elements,
and the slip bolts, modeled with solid elements. The edge of the keeper plate was extremely thin,
and the use of different element types made it challenging to accurately model contact. To address
this, beam elements were introduced along the edge of the bolt holes in the keeper plate and around
the outer perimeter of the slip bolts. These beam elements were assigned an area of 0.1237 mm?,
corresponding to the squared thickness of the keeper plate. The beam elements were formulated
using element formulation 2 (Belytschko-Schwer), and the previously mentioned
*CONTACT AUTOMATIC GENERAL keyword was used to define their interaction. The beam
elements are shown in Figure 65.

Figure 65. Keeper Plate and Slip Bolt Beam Elements

Preload

The 70-ft-1b bolt preload was applied using the *INITIAL _STRESS SECTION keyword
to a cross-section that intersected the middle of all the slip bolts. By applying stress to the bolts,
they were effectively “squeezed” toward the cross-section where the stress was defined, simulating
the preload effect. The bolts were gradually stressed to reach the desired preload.
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The clamp force per bolt was calculated to relate the applied torque to the required stress
per bolt, which was then used in the *INITIAL STRESS SECTION keyword.

The bolt torque of 70 ft-1b corresponds to the variable 7'in the equation below. The K-value
0f 0.25 is commonly used for galvanized bolts and represents the energy lost to friction during the
tightening process. The value of 1 in. for D corresponds to the diameter of the slide bolts. The
clamping force per bolt required to achieve the desired torque was calculated using the equation
shown in Equation 1 [29].

70ft * lbs

. 1ft
0.25(1in.* 1 in.)

Clamping Force per Bolt = F = — = = 3360 lbs = 14.945 kN;

KD

Equation 1. Clamp Force per Bolt [29]

Using the relationship between force and stress, the stress per bolt was calculated. Force F
represents the clamp force per bolt, which was divided by the cross-sectional area of a single bolt
A. The stress per bolt was calculated using the equation shown in Equation 2.

L = P00 = 4278.1 psi = 0.0294949 —~

T1in)2
4(1ln.) m

Stress per Bolt = E= 7
A 2(D)?

Equation 2. Stress per Bolt

The stress was applied gradually for 2}, msec to preload the slip base. Additionally,
damping was applied to the slip base parts for the first 10 msec of the simulation to stabilize the
preloading process. The resulting preload for each of the four slip base bolts and damping, each
with a clamping force of 14.945 kN, resulted in a total preload of approximately 60 kN, as shown
in Figure 66.
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Figure 66. Slip Base Preload

69



December 18, 2025
MwRSF Report No. TRP-03-481-25

3.1.2 Pole

The pole had a bottom diameter of 10 in. and tapered to a top diameter of 3 in., with a wall
thickness of 11 gauge (0.125 in.). The total height of the pole was 50 ft. A mast-arm connection
was welded to the pole 6 in. from the top and extending 11 in. downward. The pole was
made of ASTM A595 Grade A steel and weighed approximately 902 1b. The pole
was modeled using type 16 shell elements, with the material model using the
*MAT PIECEWISE LINEAR PLASTICITY formulation. The pole was connected to the pole
plate of the slip base via merged nodes. The pole model is shown in Figure 67.

Top

Bottom

Figure 67. UDOT Pole Model

3.1.3 Pole-Mast Arm Connection

The mast arms were connected to the pole using the mast connection and gussets. The mast
connection consisted of two A36 steel trapezoidal plates for each arm, each with three bolt holes.
The pole-side mast connection was 1 in. thick and welded to the pole, as mentioned previously,
while the arm-side mast connection was % in. thick and welded to the mast arm, with the two
connections bolted together. The gussets were welded to both the pole and the back of the pole-
side mast connection. The geometries of the pole-side and arm-side mast connections were
identical, except for the difference in thickness.

The mast connections were modeled using type 2 fully integrated solid elements. The steel
material was represented using the *MAT PIECEWISE LINEAR PLASTICITY formulation.
The welds were modeled by merging nodes and applying
*CONSTRAINED NODAL RIGID BODY (CNRBs) between the nearest nodes of the pole/arm
and the connection. The bolts were not explicitly modeled; instead, the bolted connection was
simplified by merging the nodes of the arm-side and pole-side connections. An annotated mast
connection is shown in Figure 68.
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{ Gussets]

Figure 68. UDOT Pole-Mast Arm Connection Model

3.1.4 Mast Arms

The UDOT pole system in test numbers USBLM-1 and USBLM-2 had dual 15-ft mast
arms. The mast arms were made of A595 steel with a thickness of 11 gauge (0.125 in.). The arms
extended vertically to a distance of 2.5 ft and had 75-1b weights attached at the ends of each arm.

The mast arms were modeled using type 16 shell elements, with the steel material
represented using the *MAT PIECEWISE LINEAR PLASTICITY formulation. The
welded connection to the pole-side mast connection was replicated using
*CONSTRAINED NODAL RIGID BODY (CNRBs) between the mast arms and the pole-side
mast connection, as shown previously in Figure 68.

3.1.5 Surrogate Luminaire Weights

In test nos. USBLM-1 and USBLM-2, three 25-1b weights, for a total of 75 Ib, were placed
at the end of each mast to simulate a light attachment. The surrogate weight was modeled as a
single plate that was attached to the bolt hole at the end of each mast arm using CNRBs, as shown
in Figure 69. The MAT keyword assigned to the plate part was altered by adjusting the density of
the material card that the plate used in order to achieve a total weight of 75 1b.
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Figure 69. Surrogate Luminaire Model

3.1.6 4-Bolt Slip Base Luminaire Pole Model

The simulated and physical 4-bolt slip base installations are shown in Figures 70 and 71.

Figure 70. UDOT Luminaire Pole with 4-bolt Slip Base: Physical (left) vs LS-DYNA Model
(right) [5]
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Figure 71. UDOT Slip Base Details: Physical (left) vs LS-DYNA Model (right) [5]

3.2 Vehicle Models

During the validation phase of the modeling effort, a 1,984-1b (900-kg) Geo Metro vehicle
model was used. Among the available vehicle models, the Geo Metro model was the most
comparable in mass to the 1,750-1b (800-kg) Dodge Colt, which was used to impact the luminaire
pole in test nos. USBLM-1 and USBLM-2. The Geo Metro vehicle model was originally
developed by the National Crash Analysis Centre (NCAC) [30]. The Geo Metro model is shown
in Figure 72.

73



December 18, 2025
MwRSF Report No. TRP-03-481-25

Figure 72. Geo Metro Vehicle Model [30]

A modified 2010 Toyota Yaris vehicle model was used in simulation efforts for MASH
test designation nos. 3-60 and 3-61. The Yaris vehicle model was created by NCAC and later
modified by MwRSF personnel for use in roadside safety applications [30]. The 2010 Toyota Yaris
vehicle model, shown in Figure 73(a), had a test inertial mass of 2,425 Ib.

A vehicle model of a 2018 Ram pickup truck was used for the simulation of MASH test
designation no. 3-62. The Ram vehicle model was originally developed by the Center for Collision
Safety and Analysis Team at George Mason University and was later modified by MwRSF
personnel for use in roadside safety applications [31]. The 2018 Ram vehicle model is shown in
Figure 73(b).

Figure 73. LS-DYNA Vehicle Models: 1100C Vehicle (left) and 2270P Vehicle (right) [30, 31]
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3.3 LS-DYNA Model Validation

The simulated luminaire slip base system was validated using the data from full-scale test
nos. USBLM-1 and USBLM-2 [5]. To validate the slip base model, several parameters were
examined, including pole dynamics, OIV, ORA, change in velocity, and the timing of certain
events. The OIV and ORA were calculated for each simulation using the data from the local

accelerometer node at the vehicle’s C.G. and processed using similar procedures for processing
MASH full-scale crash test data.

3.3.1 Simulation of Test No. USBLM-1

As discussed in Section 2.3.2, in test no. USBLM-1, a 1,750-1b Dodge Colt impacted the
luminaire pole at an impact speed of 15 mph and at an impact angle of 0 degrees, in accordance
with NCHRP Report No. 230 test designation no. 3-62. The target impact point was the centerline
of vehicle aligned with the centerline of the luminaire pole. Identical impact conditions were
replicated for the model.

Sequential images of the LS-DYNA simulation and the full-scale testing results are shown

in Figures 74 through 76, a comparison of change in velocity data is shown in Figure 77, and a
summary of the results is shown in Table 4.
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Change in Velocity - USBLM-1
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Figure 77. Comparison of Change in Velocity Data in Test No. USBLM-1 and Simulation

Table 4. Comparison of Test No. USBLM-1 and Simulation Results

. Time of
Time of Pole
Evaluation Pole Contact Roof Long. Change in Long.
Parameters | COMtAct with Crush o1v Velocity ORA
. . \
My | Grouna | ™) (fts) (fts) @)
(sec)
USBLM-1 Not
Crash Test 2.33 2.73 Recorded 7.6 6.1 3.5
Validation
Model 2.47 2.79 2.06 7.3 5.9 1.6

In both the crash test and the simulation, the vehicle impacted the pole, causing the slip
base to break away. The pole fell onto the vehicle’s roof, but with minimal deformation. The
damage to both the vehicle and the pole was minimal. A comparison of the vehicle damage
between the crash test and the simulation is shown in Figure 78.
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Figure 78. Comparison of Test No. USBLM-1 (top) and Model (bottom) Vehicle Damage [5]

In test no. USBLM-1, the OI'V was 7.6 ft/s, the ORA was 3.5 g’s, and the change in velocity
was 6.1 ft/s. The roof crush was not recorded. In the simulation, the OIV was 7.3 ft/s, the ORA
was 1.6 g’s, and the change in velocity was 5.9 ft/s. The maximum simulated roof crush was 2.1
in., as shown in Figure 79.
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Figure 79. Model Vehicle Roof Crush, Test No. USBLM-1 Simulation

Discussion

Due to the lack of roof deformation measurements from the crash test, comparison of roof
deformation was limited to image analysis. In both the crash test and the validation simulation, the
damage to the roof was minimal, with a key difference being the deformation at the rear of the
roof in the crash test. This difference was attributed to a second impact of the pole onto the rear
center of the roof, which occurred after the top of the pole hit the ground. The video from the crash
test showed that this second impact resulted in additional deformation at the rear of the roof. It was
concluded that this second impact occurred in the crash test due to the vehicle’s brakes being
applied, slowing the vehicle down. The second impact did not occur in the simulation as no brakes
were applied.

The simulation OIV of 7.3 ft/s was 4% lower than the recorded value of 7.6 ft/s from the
crash test. Given the small difference in OIV, the simulation was deemed to accurately predict the
impact in terms of OIV.

The simulation predicted an ORA value of 1.6 g’s, which was 75% lower than the recorded
value of 3.5 g’s in the crash test. This difference may be due to the methods used to obtain
acceleration in both the crash test and the LS-DYNA model. During the time of the USBLM test,
video analysis was commonly used to calculate changes in speed, which were derived from
changes in displacement. This method can lead to poor data due to the limited number of data
points. However, LS-DYNA calculates acceleration through derivatives of displacement over
time, similar to the crash test, but captures data 10,000 times per second, which can result in
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"noisy" data. Therefore, comparing these two methods can lead to inconsistencies. Both the
simulated and crash test ORA values were well below the maximum allowable ORA of +20.49
g’s, indicating that the differences in ORA were not a concern.

The simulation predicted a change in velocity value of 5.9 ft/s, which was 3% lower than
the recorded value in the crash test of 6.1 ft/s. Given the small difference, the simulation was
deemed to accurately model the impact in terms of delta V, as shown in Figure 77.

Accurate prediction of pole dynamics after impact is important for modeling roof crush.
The validated model was found to effectively predict the dynamics of the pole upon impact with
the vehicle, as shown in the sequential images. The roof crush from the simulation and crash test
were also comparable. The small differences observed between the simulation and crash test, in
terms of dynamics and event timing, could be attributed to variations in the geometry and mass of
the vehicle model compared to the test vehicle. As mentioned previously, the mass of the Geo
Metro model was 2,000 Ib while the mass of the Dodge Colt from test no. USBLM-1 was 1,750
Ib.

3.3.2 Simulation of Test No. USBLM-2

In test no. USBLM-2, the same Dodge Colt from test no. USBLM-1 was repaired and
utilized in the crash test. The 1,750-1b vehicle impacted the luminaire pole at an impact speed of
57.5 mph and at an impact angle of 0 degrees, in accordance with NCHRP Report No. 230 test
designation no. 3-63. The target impact point was the centerline of vehicle aligned with the
centerline of the luminaire pole. Identical impact conditions were replicated in the simulation.

Sequential images of the LS-DYNA simulation and the crash test results are shown in
Figures 80 and 81, a comparison of change in velocity data is shown in Figure 82, and a summary
of results is shown in Table 5.
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Figure 80. Comparison of Simulation (Top) and Test No. USBLM-2 (Bottom) Sequential Images [5]
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Figure 81. Comparison of Simulation (Top) and Test No. USBLM-2 (Bottom) Sequential Images, Cont. [5]
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Figure 82. Comparison of Change in Velocity Data in Test No. USBLM-2 and Simulation

Table 5. Comparison of Test No. USBLM-2 and Simulation Results

Time of Time of Change in Chang.e n
Pole . Velocity
. Pole Roof Long. Velocity Long.
Evaluation Contact from
Contact . Crush o1v from ORA
Parameters . with . 100-175 y
with Roof (in.) (ft/s) 0-100 msec (g’s)
(sec) Ground (ft/s) msec
(sec) (ft/s)
USBLM-2
Crash Test N/A 1.11 N/A 14.2 7.7 13.5 1.00
Validation
Model N/A 1.31 N/A 10.0 7.1 7.3 1.55

In both the crash test and simulation: (1) the vehicle impacted the pole and the slip base

broke away, (2) the pole did not fall onto the vehicle, (3) there was minimal damage to the vehicle,
with all damage confined to the front, and (4) the test met all NCHRP 230 evaluation criteria. A
comparison of the vehicle damage between the crash test and the model is shown in Figure 83.
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Figure 83. Comparison of Test No. USBLM-2 B (top) and Model (bottom) Vehicle Damage [5]

The simulation could not capture pole buckling at the location of impact; however, this was
not a concern as pole damage is not a failure criterion.

Discussion

There was no roof crush in either crash test no. USBLM-2 or the simulation or as the pole
did not fall on the vehicle. The simulation predicted an OIV value of 10.0 ft/s, which was 34%
lower than the recorded value of 14.2 ft/s in the crash test. This difference could be attributed to
the pole base plate catching under the vehicle hood. Additionally, as the literature indicates that
OIV can vary by 100% or more under identical test conditions [27], it was deemed reasonable to
continue with the simulation.

The simulation predicted an ORA value of 1.7 g’s, which was 49% higher than the recorded
value of 1 g in the crash test. This difference may be due to variations in how acceleration was
measured in the crash test and the model, as discussed in the test no. USBLM-1 section. Since both
the simulation and crash test ORA values were well below the maximum allowable ORA of +20.49
g’s, this difference did not raise concerns.

The simulation predicted a peak change in velocity value of 7.1 ft/s between 0 msec and
100 msec, which was 8% lower than the recorded crash test value of 7.7 ft/s. The model also
predicted a peak change in velocity of 7.3 ft/s, which was 60% lower than the recorded value of
13.5 ft/s in the crash test. The difference may be due to the pole plate catching on the bumper and
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hood, as described below, which affected the dynamics of the impact and became significant
around 100 msec

In test no. USBLM-2, the pole base plate caught on the front bumper and hood of the
vehicle due to the pole moving upward after impact. The pole base plate lifted the front wheels of
the vehicle off the ground, starting approximately 180 msec after impact, and was released from
the front bumper around 415 msec after impact. The front wheels contacted the ground again
approximately 900 msec after impact, meaning the catching event and subsequent lifting of the
vehicle lasted roughly 720 msec. In the simulation, the pole plate did not catch on the front of the
Geo Metro vehicle model; instead, it moved upward and flipped over the vehicle. The difference
in behavior may be due to the Geo Metro vehicle model’s front bumper and hood lacking the
rigidity and strength of the crash-tested Dodge Colt.

The difference in the impact timing between the top of the pole and the ground between
the crash test and simulation could be due to the pole plate catching, which likely impacted the
pole’s rotational behavior, thus influencing the timing of the pole’s impact with the ground.

The difference in the change in velocity of the vehicle between the crash test and the model,
shown previously in Figure 82 and Table 5, was likely due to the lack of pole plate catching on the
vehicle in the model, as discussed. To properly compare the crash test and the model, two different
time periods for change in velocity were analyzed. The time period from 0 msec to 100 msec
captures the change in velocity from impact to the moment the pole plate catches on the bumper
and hood. The time period from 0 msec to 175 msec captures the change in velocity from impact
to the vehicle clearing the base, which aligns with how the change in velocity time period was used
in the test no. USBLM-1 comparison. From 0 msec to 100 msec, the change in velocity in the
simulation closely matched the crash test. However, from 100 msec to 175 msec, the change in
velocity in the simulation did not match well with the crash test.

The validated model was sufficient in estimating the pole dynamics after vehicle impact,
as shown in the sequential images and the time of ground contact. The differences observed
between the simulation and the crash test, in terms of dynamics and event timing, could be
attributed to variations in the geometry and mass of the vehicle model: the mass of the Geo Metro
model was 1,900 Ib, while the mass of the Dodge Colt from test no. USBLM-2 was 1,750 Ib.

An attempt was made to adjust the mass of the Geo Metro vehicle model in the baseline
simulation to more closely match the mass of the Dodge Colt used in the crash tests. However,
adjusting the density of different vehicle parts to reduce weight is generally avoided, as it can
change the positioning of the C.G., affecting the accuracy of the simulation data. Despite this, an
effort was made, resulting in a change in velocity of 9.88 ft/s for the test no. USBLM-1 simulation
and 11.25 ft/s for the test no. USBLM-2 simulation. Due to this being considered poor modeling
practice and the resulting less accurate baseline simulation results, simulations with the altered
Geo Metro were not used further. Ultimately, the unaltered simulations were deemed a sufficient
match for test nos. USBLM-1 and USBLM-2, and the research effort continued using the
developed slip base model.
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3.4 Effect of Bolt Torque on Slip Base Performance

The validation of the 4-bolt slip base model was completed using the 70 ft-1b bolt torque
used in the full-scale crash test, which was identical to the recommended bolt torque for the slip
base in UDOT’s standard plans. Since state DOTs use a range of bolt torques for their specific
slip base designs, multiple models were created to investigate how varying the bolt torque of the
clamp bolts would affect the performance of the slip base system. The range of bolt torque values
used in these models was obtained from sources in the literature, as reported in Chapter 2. The
range of bolt torque values is provided in Table 6.

Table 6. Bolt Torque Range used for Simulation

Simulation | Bolt Torque Source
No. (ft-1b)
1 60 No reference — Selected for comparison purposes
2 70 UDOT 4-Bolt Slip Base [5, 11]
3 80 WYDOT 4-Bolt Slip Base [13, 14]
4 90 Oregon 3-Bolt Slip Base (for Single Arm) [20]
5 100 Oregon 3-Bolt Slip Base (for Dual Arm) [20]
6 111 LS-16 Upper Bound Recommendation for 3-Bolt Slip Base [27]
7 150 Caltrans Type 15 & 30 Slip Base [§]
8 200 Caltrans Type 31 Slip Base [§]

All simulations were completed using the validated 4-bolt slip base model. A 50-ft tall pole
with dual 15-ft mast arms and a weight of 986 1b was mounted on the slip base model. The pole
model was chosen to represent the heaviest pole used with a slip base. The Toyota Yaris vehicle
model was utilized and run at 19 mph to simulate a MASH test designation no. 3-60 center impact
at 0 degrees, since the low-speed test is most critical for slip base activation. These simulations
were used to investigate how alterations to bolt torque may affect the behavior of the slip base
activation and dynamics of the pole and vehicle.

The modeling process was identical to the setup of the baseline simulation described in
Section 3.1, except the bolt torque was changed for each model. The simulations were analyzed to
determine the effect of different bolt torques on pole and vehicle dynamics. The simulation results
are shown in Table 7.
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Time of Pole Time of
. Pole Occupant Location of
. Contact with Long. Long. .
Evaluation R Contact Compartment | Maximum Occupant
oof or . o1v ORA .
Parameters Windshield with (t/s) (’s) Deformation Compartment
Ground g (in.) Deformation
(sec)
(sec)

Sim. No. 1

(60 ft-Ib) 1.73 2.08 7.04 0.92 7.13 Rear Center of Roof
Sim. No. 2

(70 ft-Ib) 1.71 2.05 7.23 1.24 6.87 Rear Center of Roof
Sim. No. 3

(80 ft-Ib) 1.74 2.08 7.24 0.89 6.34 Rear Center of Roof
Sim. No. 4

(90 ft-Ib) 1.79 2.16 8.09 0.88 7.49 Rear Center of Roof
Sim. No. 5

(100 ft-1b) 1.79 2.20 8.40 0.80 8.68 Rear Center of Roof
Sim. No. 6

(111 ft-Ib) 1.92 2.22 8.42 0.84 7.69 Rear Center of Roof
Sim. No. 7

(150 ft-1b) 1.90 2.28 9.95 1.10 10.69 Rear Center of Roof
Sim. No. 8

(200 ft-Ib) 1.89 2.28 10.45 1.46 8.62 Rear Center of Roof

In general, as bolt torque increased, the OIV also increased, and the pole fell more slowly.
The highest simulated OIV was 10.45 ft/s, which remained well below the MASH limit of 16 ft/s.

Despite significant increases in bolt torque, the slip base activated in every simulation. The
occupant compartment deformation varied between simulations, though the location of the pole’s
first contact with the vehicle and location of maximum occupant compartment deformation
remained nearly identical.

Note that for higher bolt torques, the keeper plate shell elements began to disintegrate
before impact, likely due to the significantly higher clamping force between the pole base plate
and the ground plate. However, the beam elements along the edge of the keeper plate and edge
bolts remained intact at the time of impact. While improvements to the slip base model could
address the damage to the keeper plate caused by the clamp force, the beam elements’ integrity at
the time of impact indicated that the model’s performance was not adversely affected. Therefore,
the slip base model was not modified for this investigation. The slightly damaged, though still
intact keeper plate and beam elements are shown in Figure 84.
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Figure 84. Keeper Plate Condition at Time of Impact for Clamp Bolt Torque = 200 ft-1b

The slip base model was not validated for bolt torques other than 70 ft-1b. Therefore, full-
scale crash testing, or at a minimum, pendulum or bogie testing, would be required to analyze the
effect of varying bolt torques in more detail.
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4 CRASHWORTHINESS EVALUATION OF POLE CONFIGURATIONS SUPPORTED
ON 4-BOLT SLIP BASE

4.1 Simulation Matrix
4.1.1 Luminaire Pole Configurations

To evaluate the crashworthiness of various steel pole configurations under MASH TL-3
impact conditions, additional simulations were conducted to identify critical pole configurations
and impact scenarios. The LS-DYNA simulations were conducted to evaluate steel poles of
varying heights, mast arm lengths, and configurations (single and dual mast arms), all mounted on
a 4-bolt slip base. These configurations were evaluated against MASH TL-3 safety criteria. The
study included pole heights of 20, 30, 35, 40, 45, and 50 ft, each analyzed with single and dual
mast arm setups and various mast arm lengths, resulting in 32 luminaire pole configurations. The
configurations were chosen to reflect the range of combinations commonly used by state DOTs.
Pole and mast arm dimensions (including diameter and wall thickness) and arm configurations
were based on specifications from the Valmont Industries Pole Assembly catalog [32].

Details regarding the connections between the mast arms and the poles were obtained from
Valmont Industries, Inc.’s online catalog. Steel poles and mast arms had options for bolted
connection plates, typically using three to four bolts per mast arm, as shown in Figure 85 (left), or
a bracket that supports the mast arm with one to two bolts to hold the arm in place, as shown in
Figure 85 (right). During a meeting with representatives from Valmont Industries, Inc., it was
determined that the different connection types would perform similarly, ensuring that mast arms
remained attached to the pole during an impact event. As a result, the three-bolt connection was
selected for all mast arm connections in the simulation matrix. This decision streamlined the matrix
by eliminating variations in mast arm connections.

POLE SIMPLEX

ARM SIMPLEX

0.50" DIiA. HEX
HEAD HUB BOLT

ﬁs DIA.

HEX HEAD BOLTS

Figure 85. Mast Arm and Luminaire Pole Connection Details for Steel Poles: Bolted Connection
Plate (left) and Bracket with Bolts (right)
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The final assumption in developing the simulation matrix was that the presence or absence
of a truss in the mast arm configuration would not significantly affect testing behavior. Data
collected from Valmont Industries, Inc.’s online catalog indicated that mast arm configurations
with trusses typically added approximately 20 Ib to the system's total weight. For a luminaire
support with average height, thickness, and mast arm length, this weight difference amounted to
about 5%. This small variation was not expected to significantly alter the overall mass or the C.G.
location, which were assumed to be the one of the primary factors influencing the speed at which
luminaire poles contact a vehicle’s roof.

These pole configurations were modeled using LS-DYNA and mounted on the 4-bolt slip
base model from the baseline simulations discussed in Section 3.1.1. The modeling process of the
pole configuration was identical to the setup of the baseline simulation model in Section 3.1, which
included identical: (1) materials (i.e., ASTM A595 steel for pole and arms, A36 steel for
connections), (2) surrogate luminaires (i.e., steel plates), and (3) mast arm connections (i.e.,
trapezoidal 3-bolt pole and arm plates). The surrogate luminaire weight was reduced from 75 1b,
used in the baseline simulation models, to 50 Ib for the subsequent simulations. This adjustment
was made based on recommendations from state DOT representatives as 50 Ib luminaires are more
commonly used. As noted earlier, changes to pole height, pole thickness, pole base diameter, pole
top diameter, arm length, and arm configuration were made per specifications provided in the
Valmont Industries Pole Assembly catalog.

The selected pole configurations and a summary of the primary design parameters are
shown in Table 8. The objective of simulating the pole configurations in the matrix was to identify
the most critical configurations and determine which were likely to meet MASH criteria. For a
configuration to be classified as “likely to pass MASH” it could not violate any of the MASH
safety criteria under any of the simulated impact conditions.
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Table 8. Steel Pole Configurations

Pole Mast Arm Mast Pole wall Pole Mast-end Total
Simulation Height Length Arm Pole.Base Top Valmont Pole que Arm aqd Weights .
. Dia. . Weight Connection Weight

No. Thickness (in.) Dia. Model Name (Ib) (Ib)
(ft) (ft) Config.* (in.) (in.) (Ib) (1)
20 20 4 S 0.1196 6.50 3.90 DS36 132 40 50 222
21 20 4 D 0.1196 6.50 3.90 DS36 132 80 100 312
22 20 10 S 0.1196 7.00 4.40 DS36 142 70 50 261
23 20 10 D 0.1196 7.00 4.40 DS36 142 139 100 381
30 30 4 S 0.1196 7.50 3.51 DS32 210 40 50 300
31 30 4 D 0.1196 7.50 3.51 DS32 210 80 100 390
34-1 30 10 S 0.1196 8.00 4.00 DS36 229 70 50 349
34-2 30 10 D 0.1196 8.00 4.00 DS36 229 139 100 468
32 30 20 S 0.1196 8.50 5.28 DS56 (30'-35" 262 121 50 433
33 30 20 D 0.1196 8.50 5.28 DS56 (30'-35") 262 242 100 604
35 35 4 S 0.1196 8.00 3.52 DS50 (32'-45" 257 40 50 347
36 35 4 D 0.1196 8.00 3.52 DS50 (32'-45" 257 80 100 437
39-1 35 10 S 0.1196 8.50 3.80 DS36 274 70 50 393
39-2 35 10 D 0.1196 8.50 3.80 DS36 274 139 100 513
37 35 20 S 0.1196 9.00 5.08 DS56 (30'-35") 314 121 50 485
38 35 20 D 0.1196 9.00 5.08 DS56 (30'-35" 314 242 100 656
40 40 4 S 0.1196 9.00 3.61 DS32 321 40 50 411
41 40 4 D 0.1196 9.00 3.61 DS32 321 80 100 502
44-1 40 10 S 0.1196 9.50 4.11 DS32 347 70 50 466
44-2 40 10 D 0.1196 9.50 4.11 DS32 347 139 100 586
42 40 20 S 0.1196 10.00 5.38 DS56 (40'-45" 385 7 50 556
43 40 20 D 0.1196 10.00 5.38 DS56 (40'-45") 385 242 100 727
45 45 4 S 0.1196 9.50 3.62 DS50 (32'-45") 376 40 50 466
46 45 4 D 0.1196 9.50 3.62 DS50 (32'-45" 376 80 100 557
49-1 45 10 S 0.1196 10.00 4.26 DS56 (40'-45" 409 70 50 528
49-2 45 10 D 0.1196 10.00 4.26 DS56 (40'-45" 409 139 100 648
47 45 20 S 0.1345 10.50 5.18 DS56 (40'-45") 505 7 50 676
48 45 20 D 0.1345 10.50 5.18 DS56 (40'-45") 505 242 100 847
50 50 8 S 0.1345 10.50 4.41 DS66 534 58 50 642
51 50 8 D 0.1345 10.50 441 DS66 534 116 100 750
52 50 15 S 0.1345 10.50 441 DS66 534 88 50 672
53 50 15 D 0.1760 10.50 4.41 DS66 710 176 100 986

*Note: “S” mast configuration = Single Arm, “D” mast configuration = Dual Arm
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4.1.2 Test Requirements and Evaluation Criteria

Various pole configurations were simulated under different MASH impact conditions
corresponding to test designation nos. 3-60, 3-61, and 3-62, each with varying impact scenarios.
MASH test designation no. 3-60 is a low-speed test with a 1100C test vehicle impacting the pole
at a speed of 19 mph. This test is designed to evaluate the kinetic energy required to activate the
breakaway mechanism in the support system (i.e., 4-bolt slip base release). MASH test designation
nos. 3-61 and 3-62 are intended to evaluate the behavior of the luminaire pole system under high-
speed impacts. The primary concerns for these tests are the intrusion of the pole system
components into the vehicle windshield, the potential for vehicle instability, and occupant risk
measures, including OIV and ORA. The MASH evaluation criteria for support structures (e.g.,
luminaire poles with slip base systems) is shown in Table 9. The MASH occupant compartment
deformation limits are provided in Table 10.

Table 9. MASH 2016 Evaluation Criteria for Support Structures

Structural
Adequacy

B.

Test article should readily activate in a predictable manner by breaking
away, fracturing, or yielding.

Occupant Risk

D.

Detached elements, fragments or other debris from the test article
should not penetrate or show potential for penetrating the occupant
compartment, or present an undue hazard to other traffic, pedestrians,
or personnel in a work zone. Deformations of, or intrusions into, the
occupant compartment should not exceed limits set forth in Section
5.2.2 and Appendix E of MASH.

The vehicle should remain upright during and after collision. The
maximum roll and pitch angles are not to exceed 75 degrees.

Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2.2 of
MASH for calculation procedure) should satisfy the following limits:

Occupant Impact Velocity Limits

Component Preferred Maximum

10 ft/s 16 ft/s

Longitudinal (3.0 m/s) (4.9 m/s)

The Occupant Ridedown Acceleration (ORA) (see Appendix A,
Section A5.2.2 of MASH for calculation procedure) should satisfy the
following limits:

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

Longitudinal and Lateral 15.0¢g’s 20.49 g’s

Post-Impact
Vehicular
Response

N. Vehicle trajectory behind the test article is acceptable.
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Table 10. MASH Occupant Compartment Deformation Limits

Location MASH Allovyable Intrusion
(in.)
Wheel Well & Toe Pan <9
Floor Pan & Transmission Tunnel <12
A-Pillar <5
A-Pillar (Lateral) <
B-Pillar <5
B-Pillar (Lateral) <
Side Front Panel (in Front of A-Pillar) <12
Side Door (Above Seat) <9
Side Door (Below Seat) <12
Roof <4
Windshield <3
ide Window e s T
Dash N/A

MASH recommends that a critical impact point be determined that represents the worst-
case impact conditions that would be consistent with the manner that the luminaire system will be
deployed. Features, such as a luminaire pole used along the outside of divided highways, need
only be evaluated for impact angles of 0 to 25 degrees. For the current study, test designation nos.
3-60, 3-61, and 3-62 were evaluated on luminaire pole configurations for impact angles of 0 and
25 degrees.

Moreover, MASH recommends that single support structures be tested with the centerline
of the support aligned with the left-front or right-front quarter point of the impacting vehicle to
promote vehicle instability. However, some past luminaire pole crash testing and simulation efforts
(e.g., NCHRP Project 22-43), have revealed impact scenarios where the center impact point would
be more critical than the left or right quarter points [5]. The varying vehicle impact conditions at
0-degree and 25-degree angles, including with the vehicle’s center point, left-quarter point, and
right-quarter point, are shown in Figure 86.
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(a) 0 Degrees at Left-Quarter Point

c¢) 0 Degrees at Center Point (d) 25 Degrees at Center Point

(e) 0 Degrees at Right-Quarter Point (f) 25 Degrees at Right-Quarter Point

Figure 86. Mast Arm Orientations — Left-Side Encroachment Off Road

MASH test designation nos. 3-60, 3-61, and 3-62 with a center impact point and 0-degree
impact conditions, along with test designation no. 3-60 with a center impact point and 25-degree
impact conditions, were applied to every pole configuration. These impact scenarios were
considered the most critical due to the increased likelihood of the luminaire pole falling onto the
vehicle’s roof.

For poles with intermediate mast arm lengths (i.e., 10-ft long mast arms), only MASH test
designation no. 3-60 with a center impact at 0-degree and 25-degree impact conditions was
simulated. This approach was chosen after an initial review of results for pole configurations with
minimum and maximum mast arm lengths. The aim was to focus on MASH test designation no.
3-60 simulations to investigate potential trends.
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Additionally, MASH test designation nos. 3-60, 3-61, and 3-62 were simulated with left
quarter-point impacts at 0-degree and 25-degree angles, as well as right quarter-point impacts at
the same angles, for the heaviest pole configuration in each height category. For example, a 30-ft
tall pole with dual 20-ft long mast arms represents the heaviest configuration within the 30-ft
height class. Previous research and luminaire pole crash test simulations, such as those from
NCHRP Project 22-43, indicated that heavy pole configurations often resulted in significant
occupant compartment deformation during low-speed impacts. This deformation was identified as
the most likely cause of failure to meet MASH evaluation criteria in earlier modeling efforts [33].
Heavy pole configurations also had high OIV during high-speed impacts, which was identified as
a potential failure criterion in previous modeling efforts. To address this, additional simulation
rounds were conducted for the heaviest poles under less critical impact conditions to assess the
likelihood of excessive occupant compartment deformation or elevated OIV values. To optimize
simulation efforts, only the heaviest pole configuration from each height class was subjected to all
18 impact conditions.

Additionally, a selection of single mast arm pole configurations with intermediate weights
was simulated under MASH test designation no. 3-60 quarter-point impacts to evaluate the
potential for the pole to land on the vehicle roof. Since none of these quarter-point simulations
resulted in the pole landing on the vehicle roof and the OIV values were lower than those observed
in the center impact point simulations, further quarter-point impact simulations were not pursued
for the remaining pole configurations.

The simulated results with varying pole configurations and impact conditions are shown in
Table 11. The highlighted cells represent cases that were simulated as a part of this study.

97



86

Table 11. Luminaire Pole Simulation Matrix

Pole Mast Mast Total MASH Test Designation No. 3-60 MASH Test Designation No. 3-61 MASH Test Designation No. 3-62
Simulation Height Arm Arm Weight Left 1/4 Center Right 1/4 Left 1/4 Center Right 1/4 Left 1/4 Center Right 1/4
No. (fo) L‘;‘f‘tg)th Config. | ") 0 [ 25| 0 | 25| o | 25| 0o [ 25| 0 | 25| 0o | 25| 0o |25 0 | 25| 0 | 25
20 20 4 S 222 - - - - - - - - - R
21 20 4 D 312 - - - - - - - - - - - R R R
22 20 10 S 261 - - - - - - - - - - - - - R
23 20 10 D 381
30 30 4 S 300 - - - - - - - - - R
31 30 4 D 390 - - - - - - - - - - - - - -
34-1 30 10 S 349 - - - - - - - - - R f R
34-2 30 10 D 468 - - - - - - - - - - - R - R i -
32 30 20 S 433 - - - - - - - - - - - R R R
33 30 20 D 604
35 35 4 S 347 - - - - - - - - - -
36 35 4 D 437 - - - - - - - - - - R R i -
39-1 35 10 S 393 - - - - - - - - - R R R
39-2 35 10 D 513 - - - - - - - - - - - - - R R R
37 35 20 S 485 - - - - - - - - - - R R i _
38 35 20 D 656
40 40 4 S 411 - - - - - - - - - -
41 40 4 D 502 - - - - - - - - - - - - - -
44-1 40 10 S 466 - - - - - - - - - - - -
44-2 40 10 D 586 - - - - - - - - - - - - - - - -
42 40 20 S 556 - - - - - - - - - - - R R R
43 40 20 D 727
45 45 4 S 466 - - - - - - - - - -
46 45 4 D 557 - - - - - - - - - - - - - -
49-1 45 10 S 528 - - - - - - - R - R i -
49-2 45 10 D 648 - - - - - - - - - - - - - - - -
47 45 20 S 676 - - - - - - - - - - R R i _
48 45 20 D 847
50 50 8 S 642 - - - - - - - - - -
51 50 8 D 750 - - - - - - - - - - - R R R
52 50 15 S 672 - - - - - - - - - - - R R R
53 50 15 D 986

* = “s” mast configuration = Single Arm, “D” mast configuration = Dual Arm
Shaded cells indicate simulation was completed and analyzed in this project

“-*“ denotes simulations that were not run as a part of the investigation
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4.2 Simulation Results

The pole simulations were post-processed, and the results were analyzed to identify
possible trends related to the MASH safety criteria, including occupant compartment deformation,
occupant risk measures (i.e., lateral, and longitudinal OIV and ORA), and vehicle instability (i.e.,
roll and pitch angles). The results are discussed by pole height class in Sections 4.2.1 through
4.2.6, and all simulations are discussed Section 4.2.7. Detailed results for each pole configuration
are provided in Appendix D.

4.2.1 20-ft Tall Pole Configuration Simulations

A total of four 20-ft tall pole configurations were simulated. These were the shortest poles
analyzed and were limited to a maximum mast arm length of 10 ft, in accordance with state DOT
standards and the Valmont catalog. The pole base diameters ranged from 6.5 to 7.0 in., with a pole
wall thickness of 11 gauge. The total weight of these poles ranged from 222 to 381 1b, making the
20-ft tall pole configurations the lightest among all the selected configurations. The results of the
20-ft tall pole simulations are shown in Tables 12 through 14. An image of the critical state for a
critical configuration (i.e., 20-ft tall pole with single 10-ft long mast arm) under MASH test
designation no. 3-60 with a center impact point at 25 degrees is shown in Figure 89.
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Table 12. Simulation Results for 20-ft Pole Configurations — Maximum Occupant Compartment
Deformation (in.)

Simulation No. 20 21 22 23
Pole Height (ft) 20 20 20 20
Mast Arm Length (ft) 4 4 10 10
Mast Arm Configuration S D S D
Left 0° 1.10 (C) - - N/A
Quarter 25° 1.70 (C) - - 0.19 (A)
0° 0.38 2.79 (RW)
3-60 Center
25° 1.59
Right 0° N/A - - N/A
Quarter 25° N/A - - N/A
Left 0° - - - N/A
Quarter 25° - - - N/A
0° N/A N/A N/A N/A
3-61 Center
25° - - - N/A
Right 0° - - - N/A
Quarter 25° - - - N/A
Left 0° - - - N/A
Quarter 25° - - - N/A
0° N/A N/A N/A N/A
3-62 Center
25° - - - N/A
Right 0° - - - N/A
Quarter 25° - - - N/A

“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.

“N/A” indicates no occupant compartment deformation was observed.

“(A)”, “(B)”, and “(C)” indicate deformation was observed at A-pillar, B-pillar, and C-pillar, respectively.

“(FW)”and “(RW)” indicate deformation was observed at front windshield and rear window, respectively.

“-“ denotes simulations that were not run as a part of the investigation.

I Occupant comp. deformation beyond 4.0 in. MASH limit
Occupant comp. def. between 2.0 in. and 4.0 in.

Note: MASH limit for deformation of windshield is 3.0 in.
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Table 13. Simulation Results for 20-ft Pole Configurations — Longitudinal OIV (ft/s)

Simulation No. 20 21 22 23
Pole Height (ft) 20 20 20 20
Mast Arm Length (ft) 4 4 10 10
Mast Arm Configuration S D S D
Left 0° -2.76 - - 3.81
Quarter 25° -2.62 - - 3.1
0° 3.01 3.01 3.47 3.46
3-60 Center
25° 3.19 3.03 3.38 3.34
Right 0° -2.77 - - 3.06
Quarter 25° 2.92 - - 3.04
Left 0° - - - 5.88
Quarter 250 - - - 5.28
0° 5.57 5.44 5.55 5.67
3-61 Center
25° - - - 5.88
Right 0° - - - 6.16
Quarter 25° - - - 5.96
Left 0° - - - 433
Quarter 25° - - - 4.10
0° 441 4.34 4.52 4.53
3-62 Center
25° - - - 4.39
Right 0° - - - 4.30
Quarter 250 - - - 4.27

“-““ denotes simulations that were not run as a part of the investigation.

“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.
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Table 14. Potential to Pass MASH Criteria for 20-ft Pole Configurations

Simulation No. 20 21 22 23
Pole Height (ft) 20 20 20 20
Mast Arm Length (ft) 4 4 10 10
Mast Arm Configuration S D S D
Left 0° Pass - - Pass
Quarter 25° Pass - - Pass
0° Pass Pass
3-60 Center
25° Pass
Right 0° Pass - - Pass
Quarter 25° Pass - - Pass
Left 0° - - - Pass
Quarter 25° - - - Pass
0° Pass Pass Pass Pass
3-61 Center
25° - - - Pass
Right 0° - - - Pass
Quarter 25° - - - Pass
Left 0° - - - Pass
Quarter 25° - - - Pass
0° Pass Pass Pass Pass
3-62 Center
25° - - - Pass
Right 0° - - - Pass
Quarter 25° - - - Pass

“-“ denotes simulations that were not run as a part of the investigation.

“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.
I 1.ow potential to pass MASH due to occupant compartment deformation, roof crush, or OIV.
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N

Figure 87. Simulation No. 22: 20-ft Tall Pole with Single 10-ft Long Mast Arm, MASH Test
Designation No. 3-60 Center Impact at 25 degrees (Time = 800 msec After Impact)
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Discussion — 20-ft Tall Pole Simulation Results

None of the four simulated 20-ft tall pole configurations were likely to meet MASH
evaluation criteria. As shown in Table 14, each pole configuration showed at least one impact
condition that was likely to result in a failed MASH test. The simulations most prone to failure
were MASH test designation no. 3-60 with a center impact at either 0 degrees or 25 degrees,
primarily due to excessive occupant compartment deformation. The most critical configuration
was the 20-ft tall pole with a single 10-ft long mast arm, as it failed under both 0-degree and 25-
degree center impact conditions for MASH test designation no. 3-60. This failure was attributed
to the largest occupant compartment deformation observed, measuring 8.31 in.

Occupant Compartment Deformation

All four 20-ft tall pole configuration simulations exceeded the 4-in. occupant compartment
deformation limit set by MASH for test designation no. 3-60 with a center impact point. The 20-
ft tall poles with 4-ft long mast arms had occupant compartment deformation close to the 4-in.
limit, whereas configurations with 10-ft long mast arms had deformation of 5.5 in. or greater.
These simulations indicated that longer mast arms were more critical in terms of occupant
compartment deformation for the 20-ft tall pole configurations.

For the simulations of 20-ft tall pole configurations at left- and right-quarter point impacts
conducted under MASH test designation no. 3-60, only three simulations resulted in contact
between the pole and the vehicle after the initial impact. In one instance where contact occurred,
the vehicle deformation was caused by the pole grazing the left-side A-pillar or C-pillar. However,
this deformation was minimal. Since the remaining simulations showed no contact after the initial
impact and the deformation in the one contact case was negligible, left- and right-quarter point
impacts were deemed less critical compared to center point impacts

Additionally, in all simulations of 20-ft tall poles under MASH test designation nos. 3-61
and 3-62 at center, left-quarter point, and right-quarter point impact locations, as well as at 0-
degree and 25-degree impact angles, the pole did not contact the vehicle after the initial impact.
Consequently, there was no occupant compartment deformation in these scenarios.

orv

For all 20-ft tall poles simulated under MASH test designation nos. 3-60, 3-61, and 3-62,
across all vehicle impact locations and impact angles, the OIV values remained well below the
MASH limit of 16 ft/s. This indicates a high potential for these configurations to satisfy the MASH
OIV criterion. The highest OIV observed was 6.16 ft/s, recorded for the 20-ft tall pole with dual
10-ft long mast arms under MASH test designation no. 3-61 with a left quarter-point impact at 25
degrees.

ORA and Vehicle Stability

The simulated ORA values for all 20-ft tall poles were well below the 20.49-g MASH limit.
The highest ORA recorded was 1.02 g for a 20-ft tall pole with dual 10-ft long mast arms under a
MASH test designation no. 3-60 center impact at 25 degrees. Additionally, the OIV values
remained well below the 16 ft/s limit, and vehicle stability was not critical, as roll and pitch angles
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stayed well under the 75-degree threshold in all simulations. Detailed simulation results, which
include occupant compartment deformation, OIV, ORA, roll, and pitch data for each simulation
completed as a part of the simulation matrix, are reported in Appendix D.

Potential to Meet MASH Criteria

Although none of the 20-ft tall pole configurations met MASH criteria based on the
simulations conducted, configurations with 4-ft long mast arms showed a high potential for
success. All simulation failures were due to excessive roof crush, and closer inspection of occupant
compartment deformation for the 20-ft tall pole with 4-ft long mast arms indicated that the failures
were marginal. Specifically, poles with single and dual 4-ft long mast arms had roof crush values
of 4.14 in. and 4.01 in., respectively, under MASH test designation no. 3-60 with a center impact
point and a 25-degree impact angle.

Since these deformation values were only slightly above the 4-in. threshold, there is
potential for these configurations to meet MASH criteria if, for example, the simulation vehicle
model (2010 Toyota Yaris) over-predicted roof crush deformation. A full-scale crash test could
confirm this potential, as the marginal nature of the failures suggests the possibility of a successful
MASH test designation no. 3-60 crash test.

4.2.2 30-ft Tall Pole Configuration Simulations

A total of six 30-ft tall steel poles were simulated, categorized as medium-height poles.
The mast arm lengths were 4 ft, 10 ft, or 20 ft. The pole base diameters ranged from 7.5 in. to 8.5
in., with a wall thickness of 11 gauge. The total weight of the 30-ft tall poles varied from 300 to
604 1b. The results of the 30-ft tall pole simulations are shown in Tables 15 through 17. An image
of the critical state for a critical configuration (i.e., a 30-ft tall pole with single 20-ft long mast
arm) under MASH test designation no. 3-60 with a center impact at a 25-degree impact angle is
shown in Figure 88.
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Table 15. Simulation Results for 30-ft Pole Configurations — Maximum Occupant Compartment
Deformation (in.)

Simulation No. 30 31 34-1 34-2 32 33
Pole Height (ft) 30 30 30 30 30 30
Mast Arm Length (ft) 4 4 10 10 20 20
Mast Arm Configuration S D S D S D
Left 0° N/A - N/A - - N/A
Quarter | 550 N/A ] N/A ; ; N/A
0° 2.14
3-60 Center
25° 3.55
Right 0° N/A - N/A - - N/A
Quarter | 50 N/A i N/A ; ; N/A
Left 0° ] ] ] j j N/A
Quarter 2 5 o _ _ _ _ _ N / A
0° N/A N/A - - N/A N/A
3-61 Center
25° - - - - - N/A
Right 0° ) ) } } } N/A
Quarter 250 _ _ - - - N/A
Left 0° ] ] ] } } N/A
Quarter 2 5 o _ _ _ _ _ N / A
0° N/A N/A - - N/A N/A
3-62 Center
25° - - - - - N/A
Right 0° ) ) } } } N/A
Quarter 950 ) ) ) ) ) N/A

“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.
“N/A” indicates no occupant compartment deformation was observed.
“(A)”, “(B)”, and “(C)” indicate deformation was observed at A-pillar, B-pillar, and C-pillar, respectively.
“(FW)”and “(RW)” indicate deformation was observed at front windshield and rear window, respectively.
“-*“ denotes simulations that were not run as a part of the investigation.

Occupant comp. deformation beyond 4.0 in. MASH limit

Occupant comp. def. between 2.0 in. and 4.0 in.
Note: MASH limit for deformation of windshield is 3.0 in.
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Table 16. Simulation Results for 30-ft Pole Configurations — Longitudinal OIV (ft/s)

Simulation No. 30 31 34-1 34-2 32 33
Pole Height (ft) 30 30 30 30 30 30
Mast Arm Length (ft) 4 4 10 10 20 20
Mast Arm Configuration S D S D S D
0° -3.36 - -3.32 - - 341
Left
Quarter | )5, 2.99 : 3.34 : : 4.76
0° 3.57 3.80 3.51 3.60 3.79 3.86
3-60 Center
25° 3.51 3.48 3.71 3.68 3.74 3.82
Right 0 -3.58 - -3.37 - - 3.76
Quarter
25° -3.09 - -3.25 - - 3.43
Left 0 - - - - - 7.33
Quarter | 50 ; ] ; ] ] 7.84
0° 6.26 6.37 - - 6.82 6.97
3-61 | Center
25° - - - - - 7.22
° - - - - - .94
Right 0 79
Quarter 950 i i i i i 6.78
° - - - - - 4,
Left 0 63
Quarter | 50 ; ] ; ] ] 4.56
0° 4.49 4.53 - - 4.60 4.64
3-62 | Center
25° - - - - - 4.73
° - - - - - 4.70
Right 0 !
Quarter 950 i i i i i 4.7

“-“ denotes simulations that were not run as a part of the investigation.

“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.
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Table 17. Potential to Pass MASH Criteria for 30-ft Pole Configurations

Simulation No. 30 31 34-1 34-2 32 33
Pole Height (ft) 30 30 30 30 30 30
Mast Arm Length (ft) 4 4 10 10 20 20
Mast Arm Configuration S D S D S D
o P _ P - - P
Left 0 ass ass ass
Qe 25° Pass - Pass - - Pass
0° Pass
3-60 Center
25° Pass
® P - P - - P
Right 0 ass ass ass
Quarter o
25 Pass - Pass - - Pass
= - - - - - P
Left 0 ass
Qe 25° - - - - - Pass
0° Pass Pass - - Pass Pass
3-61 Center
25° - - - - - Pass
= - - - - - P
Right 0 ass
Qiveiier 25° - - - - - Pass
2 - - - - - P
Left 0 ass
Qugmier 25° - - - - - Pass
0° Pass Pass - - Pass Pass
3-62 Center
25° - - - - - Pass
= - - - - - P
Right 0 ass
Ve 25° - - - - - Pass

“- denotes simulations that were not run as a part of the investigation.
“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.

Low potential to pass MASH due to occupant compartment deformation, roof crush, or OIV.
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Figure 88. Simulation No. 32: 30-ft Tall Pole with Single 20-ft Long Mast Arm, MASH Test
Designation No. 3-60, Center Impact at 25 degrees (Time = 1000 ms After Impact)
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Discussion — 30-ft Tall Pole Simulation Results

Of the six 30-ft tall pole configurations that were simulated, three configurations had
potential to meet MASH criteria. These configurations were: (1) a 30-ft tall pole with a single 4-ft
long mast arm, (2) a 30-ft tall pole with dual 10-ft long mast arms, and (3) a 30-ft tall pole with
dual 20-ft long mast arms. As shown in Table 17, three configurations showed at least one impact
condition likely to result in failure to meet MASH criteria. The simulations with low potential to
satisfy MASH criteria were those under test designation no. 3-60 with a center impact at either 0
degrees or 25 degrees, failing due to excessive occupant compartment deformation (roof crush
exceeding the 4.0-in. MASH limit).

The most critical configuration based on simulations was the 30-ft tall pole with a single
20-ft long mast arm, which failed under test designation no. 3-60 with a center impact at both 0-
degree and 25-degree angles. This configuration had the largest roof crush of 8.4 in. at a 25-degree
impact angle. Another critical configuration was the 30-ft tall pole with a single 10-ft long mast
arm, which also failed at both impact angles under test designation no. 3-60 with a center impact,
resulting in a significant roof crush of 8.28 in. at the 25-degree impact angle.

Occupant Compartment Deformation

All six 30-ft tall pole configuration simulations resulted in occupant compartment
deformation under MASH test designation no. 3-60 center impact conditions, with three
configurations exceeding the MASH limit of 4.0 in. The 30-ft tall poles with 4-ft long mast arms
had roof crush below the 4.0-in. threshold, whereas those with single 10-ft and 20-ft long mast
arms had occupant compartment deformation of 6.5 in. or more. In contrast, the 30-ft tall poles
with dual 10-ft and 20-ft long mast arms had roof crush below 4.0 in. These results indicate that
for 30-ft tall poles, single long mast arms are more critical in terms of roof crush.

For the simulations of 30-ft tall pole configurations at left and right quarter-point impacts
under MASH test designation no. 3-60, none resulted in contact between the pole and the vehicle
after the initial impact. As a result, left and right quarter-point impacts appeared less critical
compared to center impacts.

Additionally, in all simulations of 30-ft tall poles under MASH test designation nos. 3-61
and 3-62, across center, left-quarter point, and right-quarter point impact locations, as well as 0-
degree and 25-degree impact angles, the pole did not contact the vehicle after the initial impact.
Consequently, there was no occupant compartment deformation observed in these scenarios.

o1v

For all 30-ft tall poles simulated under MASH test designation nos. 3-60, 3-61, and 3-62,
across all impact locations and impact angles, the longitudinal OIV values remained well below
the MASH limit of 16 ft/s. The highest OIV observed was 7.94 ft/s for a 30-ft tall pole with dual
20-ft long mast arms under MASH test designation no. 3-61 with a right quarter-point impact at a
25-degree angle.
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ORA and Vehicle Stability

The ORA values for all 30-ft tall pole configurations were well below the MASH limit of
20.49 g’s. The highest ORA recorded was 1.00 g for the 30-ft tall pole with dual 20-ft long mast
arms under MASH test designation no. 3-60 with a center impact at 0 degrees. Furthermore,
simulation results indicated that vehicle stability was not a critical issue, as roll and pitch angles
remained well within the 75-degree limit in all cases. Detailed simulation results are reported in
Appendix D.

Potential to Meet MASH Criteria

Although the 30-ft tall pole with dual 4-ft mast arms did not meet MASH criteria based on
the simulations, configurations with 4-ft mast arms showed the most potential. As discussed, all
failures were due to occupant compartment deformation. A review of the occupant compartment
deformation caused by the 30-ft tall pole with dual 4-ft long mast arms revealed that the failure for
this configuration was marginal. Specifically, the configuration had 3.5 in. of deformation to the
rear window under MASH test designation no. 3-60 conditions with a center impact at 25 degrees.

Although MASH does not impose a deformation limit for side or rear windows (rear
window shattering is allowed as long as no part of the test article penetrates the window), the 3.0-
in. windshield deformation limit was conservatively applied, leading to the simulation being
classified as a failure. Additionally, the maximum roof crush was 3.90 in., which remained just
below the 4.0-in. MASH limit for roof deformation. The deformation, as shown in Figure 89,
occurred just above the rear window at the rear center of the roof.

:II'1 00c Tog&tg Yaris (NCAC V02) Relative Z-displacement

ime =

Contours of Relative Z-displacement 1.791e+01

min=-98.9738, at node# 32563970 1.324e+01

max=17.9106, at node# 32580595 8.560e+00
3.885e+00

-7.909¢e-01
-5.466e+00
-1.014e+01
-1.482e+01
-1.949e+01
-2.417e+01
-2.884e+01
-3.352e+01
-3.819e+01
-4.287e+01
-4.754e+01
-5.222e+01 _|
-5.690e+01 _|
-6.157e+01
-6.625e+01
-7.092e+01
-7.560e+01
-8.027e+01
-8.495e+01
-8.962e+01
-0.430e+01
-0.897¢+01 _|

i

Figure 89. Roof Crush — MASH Test Designation No. 3-60, Center Impact at 25 Degrees for 30-
ft Tall Pole with Dual 4-ft Mast Arms
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It is likely that in a full-scale crash test, if the 30-ft tall pole with dual 4-ft long mast arms
were to contact and deform the roof and rear window in the same manner as in the simulation, the
rear window would shatter rather than deform by 3.5 in. As long as the pole does not intrude into
the occupant compartment, this outcome could result in a successful crash test.

Additionally, dual arm configurations showed potential to meet MASH criteria. The only
dual arm configuration that failed was the 30-ft tall pole with dual 4-ft long mast arms under
MASH test designation no. 3-60 conditions with a center impact at 25 degrees. However, as
discussed, this failure was marginal, further suggesting the feasibility of this configuration meeting
MASH criteria under certain conditions.

4.2.3 35-ft Pole Configuration Simulations

A total of six 35-ft tall pole configurations were simulated. The 35-ft tall poles were
categorized as a medium pole height. The mast arm lengths were either 4, 10, or 20 ft. The pole
base diameter ranged from 8.0 to 9.0 in. with a thickness of 11 gauge. The total weight of the 35-
ft tall poles ranged from 347 Ib to 656 1b. The results of the 35-ft tall pole simulations are shown
in Tables 18 through 20. An image of the critical state for a critical configuration (i.e., 35-ft tall
pole with dual 20-ft long mast arms) under MASH test designation no. 3-60 with a center impact
at a 0-degree impact angle is shown in Figure 90.
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Table 18. Simulation Results for 35-ft Pole Configurations — Maximum Occupant Compartment

Deformation (in.)

Simulation No. 35 36 39-1 39-2 37 38
Pole Height (ft) 35 35 35 35 35 35
Mast Arm Length (ft) 4 4 10 10 20 20
Mast Arm Configuration S D S D S D
Left 0° N/A - N/A - - N/A
Quarter | 50 N/A ; N/A - ; N/A
0° 3.64 3.59
3-60 | Center
25° 3.67 1.88
Right 0° N/A - N/A - - N/A
Quarter | 550 N/A ; N/A - ] N/A
Left 0° } } - - 3 N/A
Quarter 250 . . - - - N/A
0° N/A N/A - - N/A N/A
3-61 | Center
25° - - - - - N/A
Right 0° B B ) ) ) N/A
Quarter 250 _ _ _ _ _ N/A
Left 0° B B - - B N/A
Quarter 250 _ _ _ _ _ N/A
0° N/A N/A - - N/A N/A
3-62 | Center
25° - - - - - N/A
Right 0° B B - - ) N/A
Quarter 250 _ _ _ _ _ N/A

“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.
“N/A” indicates no occupant compartment deformation was observed.
“(A)”, “(B)”, and “(C)” indicate deformation was observed at A-pillar, B-pillar, and C-pillar, respectively.
“(FW)”and “(RW)” indicate deformation was observed at front windshield and rear window, respectively.
“- denotes simulations that were not run as a part of the investigation.
Il Occupant comp. deformation beyond 4.0 in. MASH limit

Occupant comp. def. between 2.0 in. and 4.0 in.
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Table 19. Simulation Results for 35-ft Pole Configurations — Longitudinal OIV (ft/s)

Simulation No. 35 36 39-1 39-2 37 38
Pole Height (ft) 35 35 35 35 35 35
Mast Arm Length (ft) 4 4 10 10 20 20
Mast Arm Configuration S D S D S D
0° 3.40 - -3.54 - - 3.79
Left
Quarter | 50 4.08 - -3.82 - - 4.9
0° 3.6 3.46 3.72 3.68 3.92 4.80
3-60 | Center
25° 3.65 3.76 3.95 3.91 4.73 4.55
. 0° 3.62 - 3.62 - - 3.94
Right
Quarter
25° 3.33 - 345 - - 3.64
0° - - - - - 8.06
Left
Quarter | 550 i i i i i 7.76
0° 6.82 7.18 - - 7.37 7.42
3-61 | Center
25° - - - - - 8.17
0° - - - - - 7.79
Right
g
Quarter | 5o . i ; ; - 7.79
0° - - - - - 4.93
Left
Quarter |56 ] i ; ; - 4.93
0° 4.63 4.65 - - 4.75 4.84
3-62 | Center
25° - - - - - 4.94
0° - - - - - 5.27
Right
g
Quarter | 5, ; ; ; ; ; 491

“- denotes simulations that were not run as a part of the investigation.
“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.
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Table 20. Potential to Pass MASH Criteria for 35-ft Pole Configurations

Simulation No. 35 36 39-1 39-2 37 38
Pole Height (ft) 35 35 35 35 35 35
Mast Arm Length (ft) 4 4 10 10 20 20
Mast Arm Configuration S D S D S D
o P _ P - - P
Left 0 ass ass ass
Qustizss 25° Pass - Pass - - Pass
0° Pass Pass
3-60 Center
25° Pass Pass
Right 0° Pass - Pass - - Pass
Quarter
25° Pass - Pass - - Pass
O - - - - -
Left 0 Pass
s 25° - - - - - Pass
0° Pass Pass - - Pass Pass
3-61 Center
25° - - - - - Pass
= - - - - - P
Right 0 ass
QL 25° - - - - - Pass
= - - - - - P
Left 0 ass
Quzamier 25° - - - - - Pass
0° Pass Pass - - Pass Pass
3-62 Center
25° - - - - - Pass
2 - - - - - P
Right 0 ass
Qe 25° - - - - - Pass

“- denotes simulations that were not run as a part of the investigation.
“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.
I Low potential to pass MASH due to occupant compartment deformation, roof crush, or OIV.
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Figure 90. Simulation No. 38: 35-ft Tall Pole with Dual 20-ft Long Mast Arms, MASH Test
Designation No. 3-60, Center Impact at 0 degrees (Time = 1,450 msec After Impact)
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Discussion — 35-ft Tall Pole Simulation Results

Of the six 35-ft tall pole configurations that were simulated, three configurations had
potential to meet MASH criteria. The configurations were: (1) a 35-ft tall pole with single 4-ft long
mast arm, (2) a 35-ft tall pole with dual 4-ft long mast arms, and (3) a 35-ft tall pole with dual 10-
ft long mast arms. As shown in Table 20, three of the six 35-ft tall pole configurations had at least
one impact condition likely to result in a failed MASH test, indicating low potential to pass MASH
criteria. The simulations with low potential occurred under MASH test designation no. 3-60 with
a center impact at either 0 degrees or 25 degrees, failing due to excessive occupant compartment
deformation.

The most critical configuration based on simulations was the 35-ft tall pole with a single
10-ft mast arm, which failed at both impact angles under MASH test designation no. 3-60 with a
center impact. Another notable critical configuration was the 35-ft tall pole with dual 20-ft mast
arms, which had the largest roof crush, measuring 5.45 in.

Occupant Compartment Deformation

All six 35-ft tall pole simulations had occupant compartment deformation under MASH
test designation no. 3-60 center impact conditions, with three configurations exceeding 4.0-in.
MASH limit for roof crush. The configurations with 4-ft long mast arms resulted in roof crush
below 4 in., while the 35-ft tall pole with a single 10-ft mast arm and both configurations with 20-
ft long mast arms had roof crush of 4.0 in. or more. These results suggest that dual long mast arms
are more critical in terms of roof crush for 35-ft tall pole configurations.

No simulations of 35-ft tall pole configurations at left or right quarter-point impacts under
MASH test designation no. 3-60 resulted in secondary contact between the pole and the vehicle.
As there was no contact after the initial impact, left and right quarter-point impacts appear less
critical than center impacts.

Additionally, for all simulations of 35-ft tall poles under MASH test designation nos. 3-61
and 3-62, across center, left-quarter point, and right-quarter point impact locations, as well as 0-
degree and 25-degree impact angles, the pole did not contact the vehicle after the initial impact,
resulting in no roof crush.

oIV

For all 35-ft tall poles under MASH test designation nos. 3-60, 3-61, and 3-62 with all
impact locations and angles, simulated OIV values were well-below the MASH limit of 16 ft/s.
The largest OIV was 8.17 ft/s for 35-tall pole with dual 20-ft long mast arms at MASH test
designation no. 3-61 with a center impact at 25 degrees.

ORA and Vehicle Stability

The ORA values for all 35-ft tall pole configurations were well below the MASH limit of
20.49 g’s. The highest ORA recorded was 0.84 g’s for the 35-ft tall pole with a single 10-ft long
mast arm under MASH test designation no. 3-60 with a center impact at 0 degrees. Additionally,
simulation results indicated that vehicle stability was not a concern, as roll and pitch remained
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below the 75-degree limit in all cases. Detailed simulation results, including occupant
compartment deformation, OIV, ORA, roll, and pitch data for each simulation conducted in the
simulation matrix, are provided in Appendix D.

Potential to Meet MASH Criteria

Of the 35-ft tall pole height class, poles with 4-ft long mast arms (i.e., 35-ft tall pole with
a single 4-ft long mast arm and 35-ft tall pole with dual 4-ft long mast arms) were likely to meet
MASH criteria. There were no simulations from these configurations that violated occupant
compartment deformation, OIV, or other MASH limits.

4.2.4 40-ft Pole Configuration Simulations

A total of six 40-ft tall pole configurations were simulated, which were also classified as
medium height poles. The mast arm lengths were 4 ft, 10 ft, or 20 ft. The pole base diameters
ranged from 9.0 in. to 10.0 in., with a wall thickness of 11 gauge. The total weight of the 40-ft tall
poles varied from 411 1b to 727 1b. The results of 40-ft pole simulations are shown in Tables 21
through 23. An image of the critical state for a critical configuration (i.e., 40-ft tall pole with single
20-ft long mast arm) under MASH test designation no. 3-60 with a center impact at 25 degrees is
shown in Figure 91.
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Table 21. Simulation Results for 40-ft Pole Configurations — Maximum Occupant Compartment
Deformation (in.)

Simulation No. 40 41 44-1 44-2 42 43
Pole Height (ft) 40 40 40 40 40 40
Mast Arm Length (ft) 4 4 10 10 20 20
Mast Arm Configuration S D S D S D
Left 0° N/A - N/A - - N/A
Quarter | 950 N/A ; N/A - - N/A
0° 1.88 0.19 1.76 O(é)z 3.55
3-60 | Center 0.68
25 1.69 (FW) 3.30 0.84 3.67
Right 0° N/A - N/A - - N/A
Quarter | 550 N/A - N/A - - N/A
Left 0° B B B B B N/A
Quarter 250 - - - - - N/A
0° N/A N/A - - N/A N/A
3-61 | Center
25° - - - - - N/A
Right 0° - - - - - N/A
Quarter 250 _ _ _ _ _ N/A
Left 0° - - - - - N/A
Quarter 250 - - - - - N/A
0° N/A N/A - - N/A N/A
3-62 Center
25° - - - - - N/A
Right 0° B B B B B N/A
Quarter 250 _ _ _ _ _ N/A

“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.
“N/A” indicates no occupant compartment deformation was observed.
“(A)”, “(B)”, and “(C)” indicate deformation was observed at A-pillar, B-pillar, and C-pillar, respectively.
“(FW)”and “(RW)” indicate deformation was observed at front windshield and rear window, respectively.
“- denotes simulations that were not run as a part of the investigation.
I Occupant comp. deformation beyond 4.0 in. MASH limit
Occupant comp. def. between 2.0 in. and 4.0 in.
Note: MASH limit for deformation of windshield is 3.0 in.
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Table 22. Simulation Results for 40-ft Pole Configurations — Longitudinal OIV (ft/s)

Simulation No. 40 41 44-1 44-2 42 43
Pole Height (ft) 40 40 40 40 40 40
Mast Arm Length (ft) 4 4 10 10 20 20
Mast Arm Configuration S D S D S D
0° 3.83 - 3.91 - - 4.23
Left
Quarter | g0 5.55 ; 4.80 ; ; 6.94
0° 3.79 3.92 3.85 4.01 3.97 4.53
3-60 | Center
25° 4.07 425 4.6 4.60 5.10 5.24
. 0° 4.10 - 4.14 - - 4.24
Right
Quarter
25° 3.72 - 3.78 - - 3.99
0° - - - - - 8.55
Left
Quarter | g0 ; ; ; ; ; 8.25
0° 7.81 7.70 - - 8.37 8.74
3-61 | Center
25° . ; . . . 9.44
0° - - - - - 8.52
Right
It
Quarter | 5, ; ] ; ; ; 8.67
0° - - - - - 541
Left
Quarter | g0 - - - - - 5.48
0° 4.86 4.82 - - 5.10 5.26
3-62 | Center
250 _ . - - - 5.36
0° _ - - - - 5.25
Right
It
Quarter | 5, ; ] ; ; ; 5.12

“- denotes simulations that were not run as a part of the investigation.

“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.

120




December 18, 2025

MwRSF Report No. TRP-03-481-25

Table 23. Potential to Pass MASH Criteria for 40-ft Pole Configurations

Simulation No. 40 41 44-1 44-2 42 43
Pole Height (ft) 40 40 40 40 40 40
Mast Arm Length (ft) 4 4 10 10 20 20
Mast Arm Configuration S D S D S D
Left 0 Pass - Pass - - Pass
Quarter 25° Pass - Pass - - Pass
0° Pass - Pass Pass Pass Pass
3-60 | Center
25° Pass Pass Pass Pass -1
Right 0 Pass - Pass - - Pass
Qrrrites 25° Pass - Pass - - Pass
Left 0 - - - - - Pass
Quarter 25° - - - - - Pass
0° Pass Pass - - Pass Pass
3-61 | Center
25° - - - - - Pass
Right 0 - - - - - Pass
Queior 25° - - - - - Pass
Left 0 - - - - - Pass
Quarter 25° - - - - - Pass
0° Pass Pass - - Pass Pass
3-62 | Center
25° - - - - - Pass
Right 0 - - - - - Pass
Queior 25° - - - - - Pass

“- denotes simulations that were not run as a part of the investigation.

“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.
I Low potential to pass MASH due to occupant compartment deformation, roof crush, or OIV.
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Figure 91. Simulation No. 42: 40-ft Tall Pole with Single 20-ft Long Mast Arm, MASH Test
Designation No. 3-60, Center Impact at 25 Degrees (Time = 1300 ms After Impact)
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Discussion — 40-ft Tall Pole Simulation Results

Of the six 40-ft tall pole configurations that were simulated, four configurations had the
potential to meet MASH criteria. The configurations were: (1) a 40-ft tall pole with a single 4-ft
long mast arm, (2) a 40-ft tall pole with dual 10-ft long mast arms, (3) a 40-ft tall pole with a single
10-ft long mast arm, and (4) a 40-ft tall pole with dual 20-ft long mast arms. As shown in Table
17, two of the six 40-ft tall pole configurations showed at least one impact condition likely to result
in a failed MASH test, indicating low potential to pass MASH criteria. The simulations with low
potential occurred under MASH test designation no. 3-60 with a center impact at either 0 degrees
or 25 degrees, failing due to excessive roof crush.

The most critical configuration, based on simulations, was the 40-ft tall pole with a single
20-ft long mast arm, which had the largest roof crush of 4.73 in.

Occupant Compartment Intrusion

All six 40-ft tall pole simulations resulted in occupant compartment deformation under
MASH test designation no. 3-60 center impact conditions, with two configurations exceeding the
MASH limit of 4.0 in. The configurations with a single 4-ft or 10-ft mast arm and those with dual
10-ft or 20-ft mast arms had roof crush below 4.0 in. In contrast, the configurations with dual 4-ft
mast arms and a single 20-ft mast arm had a roof crush of 4.0 in. or more.

No simulations of the 40-ft tall pole configurations at left or right quarter-point impacts
under MASH test designation no. 3-60 resulted in secondary contact between the pole and the
vehicle. Since there was no contact after the initial impact, left and right quarter-point impacts
were considered less critical than center impacts.

Additionally, in all simulations of 40-ft tall poles under MASH test designation nos. 3-61
and 3-62, across center, left-quarter point, and right-quarter point impact locations, as well as 0-
degree and 25-degree impact angles, the pole did not contact the vehicle after the initial impact.

Oo1v

For all 40-ft tall poles under MASH test designation nos. 3-60, 3-61, and 3-62 at all impact
locations and angles, simulated OIV values were below the MASH limit of 16 ft/s. The highest
OIV was 9.44 ft/s for a 40-ft tall pole with dual 20-ft long mast arms under MASH test designation
no. 3-61 with a center impact at 25 degrees.

ORA and Vehicle Stability

The ORA values for all 40-ft tall pole configurations were well below the MASH limit of
20.49 g’s. The highest ORA was 1.04 g’s for the 40-ft tall pole with dual 20-ft long mast arms
under MASH test designation no. 3-60 with a center impact at 0 degrees.

Furthermore, simulation results indicated that vehicle stability was not a concern, as roll
and pitch angles consistently remained well below the 75-degree limit in all cases. Detailed
simulation results, including ORA, OIV, roll, pitch, and occupant compartment deformation data
are provided in Appendix D.
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Potential to Meet MASH Criteria

Among all the 40-ft tall poles, the configurations with 10-ft long mast arms (i.e., the 40-ft
tall pole with a single 10-ft long mast arm and the 40-ft tall pole with dual 10-ft long mast arms)
demonstrated the best potential to meet MASH test criteria. None of the simulations for these
configurations violated occupant compartment deformation limits, OIV thresholds, or other
MASH criteria.

Although the 40-ft tall pole with dual 4-ft long mast arms did not meet MASH criteria
based on the completed simulations, the 4-ft mast arm configurations showed potential. All failures
for this configuration were due to occupant compartment deformation. A detailed review indicated
that the 40-ft tall pole with dual 4-ft long mast arms had an occupant compartment deformation of
4.08 in. under MASH test designation no. 3-60 with a center impact at 0 degrees, just slightly
exceeding the 4.0-in. limit. While this was classified as a failure, the marginal nature of the result
suggests potential for improvement. Further refinement of the luminaire pole slip base model, use
of a different vehicle model, or completion of a full-scale crash test could potentially result in this
configuration passing the MASH criteria, as the failure was minimal.

4.2.5 45-ft Pole Configuration Simulations

A total of six 45-ft tall pole configurations were simulated, classified in the medium pole
height category. The mast arm lengths were 4 ft, 10 ft, or 20 ft. The pole base diameters ranged
from 9.5 in. to 10.0 in., with a wall thickness of 11 gauge for configurations with 4-ft or 10-ft mast
arms and 10 gauge for configurations with 20-ft mast arms. The total weight of the 45-ft tall poles
ranged from 466 Ib to 847 Ib. The results of the 45-ft tall pole simulations are shown in Tables 24
through 26. An image of the critical state for a critical configuration (i.e., 45-ft tall pole
configuration with dual 10-ft long mast arms) under MASH test designation no. 3-60 with a center
impact at 0 degrees is shown in Figure 92.
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Table 24. Simulation Results for 45-ft Pole Configurations — Maximum Occupant Compartment
Deformation (in.)

Simulation No. 45 46 49-1 49-2 47 48
Pole Height (ft) 45 45 45 45 45 45
Mast Arm Length (ft) 4 4 10 10 20 20
Mast Arm Configuration S D S D S D
Left v N/A - N/A - - N/A
Quarter | 550 - - N/A - - N/A
o 0.35 0.56
0 ©) FW 0.45
3-60 | Center 0.60
25° 3.00 0.93 1.50 ’ 1.10 341
©
Right 0° N/A - N/A - - N/A
Quarter | 550 N/A - N/A - - N/A
Left 0° ) ) ) ) ) N/A
Quarter 250 _ _ _ _ _ N/A
0° N/A N/A - - N/A N/A
3-61 | Center
25° - - - - - N/A
Right 0° - - - - - N/A
Quarter 250 _ _ - - - N/A
Left 0° ) ) ) ) ) N/A
Quarter 250 _ _ _ _ _ N/A
0° N/A N/A - - N/A N/A
3-62 | Center
25° - - - - - N/A
Right 0° ] ] ] ] ] N/A
Quarter 250 ) ) _ ) ) N/A

“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.
“N/A” indicates no occupant compartment deformation was observed.
“(A)”, “(B)”, and “(C)” indicate deformation was observed at A-pillar, B-pillar, and C-pillar, respectively.
“(FW)”and “(RW)” indicate deformation was observed at front windshield and rear window, respectively.
“- denotes simulations that were not run as a part of the investigation.

Occupant comp. deformation beyond 4.0 in. MASH limit

Occupant comp. def. between 2.0 in. and 4.0 in.
Note: MASH limit for deformation of windshield is 3.0 in.
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Table 25. Simulation Results for 45-ft Pole Configurations — Longitudinal OIV (ft/s)

Simulation No. 45 46 49-1 49-2 47 48
Pole Height (ft) 45 45 45 45 45 45
Mast Arm Length (ft) 4 4 10 10 20 20
Mast Arm Configuration S D S D S D
° 4.1 - 4, - - 4,
Left 0 0 30 70
Quarter | 5o i ] 6.88 ] ] 5.72
0° 4.04 422 4.23 4.63 4.64 4.99
3-60 | Center
25° 4.85 4.94 4.85 5.67 4.95 6.25
© . - 4, - - 4,
Right 0 5.35 39 83
Quarter
25° 4.01 - 4.14 - - 4.26
0° } . R - - 38
Left ?
Quarter | 550 i ] ; ; ; 9.68
0° 8.02 9.09 - - 10.00 10.19
3-61 | Center
250 ) . - - - 11.35
. ° - - - - - .02
Right 0 ?
Quarter 950 ) i i i i 276
0° - - - - - 5.84
Left
Quarter | 50 ] - - - - 5.93
0° 5.09 5.06 - - 5.83 6.00
3-62 | Center
25° - - - - - 6.05
. 0° - - - - - 5.91
Right
Quarter 950 ) i i i i 577

“- denotes simulations that were not run as a part of the investigation.

“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.
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Table 26. Potential to Pass MASH Ceriteria for 45-ft Pole Configurations

Simulation No. 45 46 49-1 49-2 47 48
Pole Height (ft) 45 45 45 45 45 45
Mast Arm Length (ft) 4 4 10 10 20 20
Mast Arm Configuration S D S D S D
O - - -
Left 0 Pass Pass Pass
Quarter 25° - - Pass - - Pass
3-60 | Center
25° Pass Pass Pass Pass Pass Pass
Right 0 Pass - Pass - - Pass
QUL 25° Pass - Pass - - Pass
O - - - - -
Left 0 Pass
Quarter 25° - - - - - Pass
0° Pass Pass - - Pass Pass
3-61 | Center
25° - - - - - Pass
Right 0 - - - - - Pass
Qrarior 25° - - - - - Pass
Left 0 - - - - - Pass
Quarter 25° - - - - - Pass
0° Pass Pass - - Pass Pass
3-62 | Center
25° - - - - - Pass
Right 0 - - - - - Pass
Qs 25° - - - - - Pass

“-““ denotes simulations that were not run as a part of the investigation.
“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.
Low potential to pass MASH due to occupant compartment deformation, roof crush, or OIV.

127



December 18, 2025
MwRSF Report No. TRP-03-481-25

Figure 92. Simulation No. 49-2: 45-ft Tall Pole with Dual 10-ft Long Mast Arms, MASH Test
Designation No. 3-60, Center Impact at 0 degrees (Time = 1950 ms After Impact)

Discussion — 45-ft Tall Pole Simulation Results

Of the six 45-ft tall pole configurations that were simulated, three configurations had
potential to meet MASH criteria. The configurations were: (1) a 45-ft tall pole with a single 4-ft
long mast arm, (2) a 45-ft tall pole with a single 10-ft long mast arm, and (3) a 45-ft tall pole with
a single 20-ft long mast arm. As shown in Table 26, three of the six 45-ft tall pole configurations
had at least one impact condition likely to result in a failed MASH test. The simulations with low
potential to meet MASH criteria occurred under MASH test designation no. 3-60 with a center
impact at 0 degrees, and all involved dual mast arm configurations. These failures were attributed
to excessive occupant compartment deformation.

The most critical configuration was the 45-ft tall pole with dual 10-ft long mast arms, which
had the largest roof crush of 6.39 in. Another notable critical configuration was the 45-ft tall pole
with dual 20-ft long mast arms, which also showed a significant roof crush, measuring 6.11 in.
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Occupant Compartment Intrusion

All six 45-ft tall pole simulations showed occupant compartment deformation under
MASH test designation no. 3-60 for center impact conditions, with three configurations exceeding
the MASH limit of 4.0 in. The configurations with single mast arms had deformation below 4.0
in., while the configurations with dual mast arms had deformation of 4.0 in. or more. The roof
crush observed for the dual 10-ft and 20-ft mast arm configurations was not caused by the initial
pole impact on the roof but resulted from a second impact of the bottom of the pole and the pole
base plate onto the rear center of the roof after the top of the pole impacted the ground. For 45-ft
tall poles, the simulations indicated that dual arm configurations were more critical regarding roof
crush.

No simulations of 45-ft tall pole configurations at left or right quarter-point impacts under
MASH test designation no. 3-60 resulted in secondary contact between the pole and the vehicle.
Consequently, left and right quarter-point impacts were deemed less critical than center impacts.

The simulation for the 45-ft tall pole with a single 4-ft long mast arm under MASH test
designation no. 3-60 with a left-quarter point impact at 25 degrees was not completed due to a
1,000-fold increase in hourglass energy in the model, causing a delayed activation of the slip base.
Efforts to resolve this issue are ongoing.

Additionally, in all simulations of 45-ft tall pole configurations under MASH test
designation nos. 3-61 and 3-62 at center, left-quarter point, and right-quarter point impact
locations, as well as at 0-degree and 25-degree impact angles, the pole did not contact the vehicle
after the initial impact. As a result, there was no occupant compartment deformation in these
scenarios.

Oo1v

For all 45-ft tall pole configurations at MASH test designation nos. 3-60, 3-61, and 3-62 at
all impact locations and angles, simulated OIV values were well-below the MASH limit of 16 ft/s.
The largest OIV was 11.35 ft/s for the 45-ft tall pole with dual 20-ft long mast arms under MASH
test designation no. 3-61 with a center impact at 25 degrees.

ORA and Vehicle Stability

The ORA values for all 45-ft tall pole configurations were well below the MASH limit of
20.49 g’s. The highest ORA recorded was 1.41 g’s for the 45-ft tall pole with dual 20-ft long mast
arms under MASH test designation no. 3-61 with a center impact at 0 degrees. Additionally,
simulation results indicated that vehicle stability was not a concern, as roll and pitch angles
remained well below the 75-degree limit in all cases. Detailed simulation results, including
occupant compartment deformation, OIV, ORA, roll, and pitch data for each simulation conducted
as part of the simulation matrix, are provided in Appendix D.

Potential to Meet MASH Criteria

Among the 45-ft tall pole configurations, the single-arm configurations (i.e., the 45-ft tall
pole with a single 4-ft long mast arm, a single 10-ft long mast arm, and a single 20-ft long mast
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arm) demonstrated high potential to meet MASH criteria. None of these configurations exceeded
the roof crush or OIV limits in the simulations.

While the 45-ft tall pole configuration with dual 4-ft long mast arms did not meet MASH
criteria in the completed series of simulations, the 4-ft long mast arm configurations showed
potential. An inspection of the 4.02-in. occupant compartment deformation observed for this
configuration indicated that the failure was marginal.

4.2.6 50-ft Pole Configuration Simulations

A total of four 50-ft tall pole configurations were simulated. These were the tallest poles
analyzed and were constrained to a minimum mast arm length of 8 ft and a maximum mast arm
length of 15 ft, based on state DOT standards and the Valmont catalog. The pole base diameter
was 10.5 in. and the pole wall thickness was 10 gauge, except for the configurations with dual 15-
ft long mast arms, which used 7-gauge walls. The total weight of the 50-ft tall poles ranged from
642 1b to 986 b, making them the heaviest configurations among all simulated poles. The results
of the 50-ft pole simulations are shown in Tables 27 through 29. An image of the critical state for
a critical configuration (i.e., 50-ft tall pole with dual 15-ft long mast arms) under MASH test
designation no. 3-60 with a center impact at 0 degrees is shown in Figure 93.
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Table 27. Simulation Results for 50-ft Pole Configurations — Maximum Occupant Compartment
Deformation (in.)

Simulation No. 50 51 52 53
Pole Height (ft) 50 50 50 50
Mast Arm Length (ft) 8 8 15 15
Mast Arm Configuration S D S D
Left 0° N/A - - N/A
Quarter 250 N/A - - N/A
3-60 Center
Right 0° 0.45 (B) - - N/A
e 25° N/A ; ; N/A
Left 0° - - - N/A
Quarter 250 _ _ _ N / A
0° N/A N/A N/A N/A
3-61 Center
25° - - - N/A
Right 0° - - - N/A
Qmiige | g - - i N/A
Left 0° - - - N/A
Quarter 250 _ _ _ N/A
0° N/A N/A N/A N/A
3-62 Center
25° - - - N/A
Right 0° - - - N/A
Quarter | 550 - - i N/A

“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.

“N/A” indicates no occupant compartment deformation was observed.

“(A)”, “(B)”, and “(C)” indicate deformation was observed at A-pillar, B-pillar, and C-pillar, respectively.
“(FW)”and “(RW)” indicate deformation was observed at front windshield and rear window, respectively.

“- denotes simulations that were not run as a part of the investigation.

B Occupant comp. deformation beyond 4.0 in. MASH limit
Occupant comp. def. between 2.0 in. and 4.0 in.

Note: MASH limit for deformation of windshield is 3.0 in.
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Table 28. Simulation Results for 50-ft Pole Configurations — Longitudinal OIV (ft/s)

Simulation No. 50 51 52 53
Pole Height (ft) 50 50 50 50
Mast Arm Length (ft) 8 8 15 15
Mast Arm Configuration S D S D
0° 4.44 - - 6.05
Left
Quarter 25° 6.12 ; ; 52
0° 4.86 5.05 6.26 7.23
3-60 Center
25° 5.11 5.32 4.83 6.26
0° 4.89 - - 5.76
Right
Quarter
25° 4.56 - - 5.63
0° . - - 10.13
Left
Quarter 250 - - - 11.81
0° 9.78 11.52 10.20 12.45
3-61 Center
25° - - - 13.76
0° - - - 11.33
Right
Quarter 25° ; ; ; 11.44
0° - - - 6.97
Left
Qe 25° - ; ; 7.39
0° 5.93 5.87 6.02 7.14
3-62 Center
25° - - - 7.14
0° - - - 7.15
Right
Quarter 25° ] ] ] 7.00

“-* denotes simulations that were not run as a part of the investigation.
“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.
OIV beyond 12 ft/s, equal to 75% of MASH limit of 16 ft/s
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Table 29. Potential to Pass MASH Criteria for 50-ft Pole Configurations

Simulation No. 50 51 52 53
Pole Height (ft) 50 50 50 50
Mast Arm Length (ft) 8 8 15 15
Mast Arm Configuration S D S D
0° Pass - - Pass
Left
Quarter 250 Pass ; - High
00
3-60 Center
25° Pass Pass
. 0° Pass - - Pass
Right
Quarter
25° Pass - - Pass
0° - - - Pass
Left
Quarter 25¢ - - - Pass
0° Pass Pass Pass Pass
3-61 Center
25° - - - Pass
0° - - - P
Right s
arter
Qu 25° - - - Pass
0° - - - Pass
Left
Das s 25° - - - Pass
0° Pass Pass Pass Pass
3-62 Center
25¢ - - - Pass
. 0° - - - Pass
Right
Quarter
25¢ - - - Pass

“- denotes simulations that were not run as a part of the investigation.
“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.

I Low potential to pass MASH due to occupant compartment deformation, roof crush, or OIV
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Figure 93. Simulation No. 53: 50-ft Tall Pole with Dual 15-ft Long Mast Arms, MASH Test
Designation No. 3-60, Center Impact at 0 degrees (Time = 2650 ms After Impact)

Discussion — 50-ft Tall Pole Simulation Results

Of the four 50-ft tall pole configurations that were simulated, it was unlikely that any
configuration would meet MASH criteria. As shown in Table 29, each configuration had at least
one impact condition that would likely result in a failed MASH test. The simulations with low
potential to meet MASH criteria occurred under MASH test designation no. 3-60 with a center
impact at either 0 degrees or 25 degrees, primarily failing due to excessive roof crush. The most
critical configuration, based on simulations, was the 50-ft tall pole with dual 15-ft long mast arms,
which had the largest roof crush of 6.87 in.

Occupant Compartment Deformation

The roof crush for all four 50-ft tall pole configuration simulations exceeded the 4.0-in.
MASH limit under MASH test designation no. 3-60 for center impact conditions. The 50-ft tall
poles with single mast arms had a maximum roof crush of 5 in., while the configurations with dual
mast arms had roof crush of 6 in. or more. Notably, for the dual 8-ft and 15-ft mast arm
configurations, the roof crush was not caused by the initial impact of the pole falling onto the roof
but by a second impact involving the bottom of the pole and the pole base plate striking the rear
center of the roof after the top of the pole had impacted the ground.
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For the simulations of 50-ft tall pole configurations at left and right quarter-point impacts
under MASH test designation no. 3-60, there was no contact between the pole and the vehicle after
the initial impact. Consequently, left and right quarter-point impacts were deemed less critical than
center impacts. Additionally, in all simulations of 50-ft tall poles under MASH test designation
nos. 3-61 and 3-62, across center, left-quarter point, and right-quarter point impact locations, as
well as at 0-degree and 25-degree impact angles, the pole did not contact the vehicle after the initial
impact..

o1v

For all 50-ft tall poles simulated under MASH test designation nos. 3-60, 3-61, and 3-62
across all impact locations and angles, the OIV values were below the MASH limit of 16 ft/s.
However, there was concern regarding potential violations of the limit, particularly for the 50-ft
tall pole with dual 15-ft long mast arms during center impacts. The simulated OIV values for this
configuration under MASH test designation no. 3-61 were 12.45 ft/s and 13.76 ft/s for center
impacts at 0 degrees and 25 degrees, respectively.

The concern arises because baseline simulations have been shown to under-predict OIV by
approximately 35% for high-speed tests. If this under-prediction is accounted for by adjusting the
simulated values upward by 35%, configurations with OIV values above 12 ft/s could potentially
exceed the 16 ft/s limit. For example, adjusting the OIV values for the dual 15-ft mast arm
configuration would result in estimated values of 16.81 ft/s and 18.57 ft/s for impacts at 0 degrees
and 25 degrees, respectively.

It is important to note that this adjustment method is an estimation tool, not a definitive
prediction. The potential for exceeding the OIV limit would require validation through full-scale
crash testing. The discrepancy observed in OIV under-prediction may be related to differences
between simulated and actual test conditions, such as the pole plate catching on the vehicle in test
no. USBLM-2, which did not occur in the simulation [5]. The behavior of the pole plate catching
on the vehicle is not guaranteed and may not occur in a crash test with a modern vehicle. This
variability introduces uncertainty in predicting OIV values accurately. Additionally, the
performance of luminaire slip bases can vary even under identical testing conditions due to
manufacturing tolerances, material inconsistencies, or other factors influencing the activation of
the slip base mechanism, as discussed in Section 2.4 regarding the 3-bolt slip base pendulum
testing in Eligibility Letter LS-16 [27].

ORA and Vehicle Stability

The ORA values for all 50-ft tall poles were well below the 20.49-g’s MASH limit. The
largest ORA was 1.92 g’s for the 50-ft tall pole with dual 15-ft long mast arms under MASH test
designation no. 3-60 with a center impact at 0 degrees. Additionally, the simulation results
suggested that vehicle stability was not critical, as roll and pitch remained well below the 75-
degree limit in all simulations. Detailed simulation results are reported in Appendix D.

Potential to Pass MASH

Based on the simulations, none of the 50-ft tall pole configurations demonstrated high
potential to meet MASH criteria.
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4.2.7 All Pole Simulation Results

A total of thirty-two pole configurations were simulated. The pole heights ranged from 20
to 50 ft and had either a single or dual mast arm configuration. The poles had mast arm lengths
ranging from 4 to 20 ft. The pole base diameter ranged from 6.5 in. to 10.5 in. and the pole wall
thickness was 11, 10, or 7 gauge. The total weight of the pole configurations ranged from 222 1b
to 985 Ib. The simulation results are shown in Tables 30 through 34.

Table 30. Simulation Results — MASH Test Designation No. 3-60 — All Poles — Occupant
Compartment Deformation (in.)

MASH 3-60
sim. | Pole Ifra;‘ Mast | _Totl CG. Left 1/4 Center Right 1/4
Height Weight Height
No. Length | Config.
(ft) (f (b) (fo) 0 25 0 25
20 20 4 S 222 12.1 1.10(C) | 1.70(C) N/A N/A
21 20 4 D 312 14.4 - - - -
22 20 10 S 261 14.0 - - - -
23 20 10 D 381 16.2 N/A 0.19(A) N/A N/A
30 30 4 S 300 16.8 N/A N/A N/A N/A
31 30 4 D 390 19.7 - - - -
34-1 30 10 S 349 17.9 N/A N/A N/A N/A
34-2 30 10 D 4683 20.9 - - 1.98 - -
32 30 20 S 433 20.3 - - - -
33 30 20 D 604 23.8 N/A N/A N/A N/A
35 35 4 S 347 19.0 N/A N/A 3.64 3.67 N/A N/A
36 35 4 D 437 222 - - - -
39-1 35 10 S 393 20.1 N/A N/A N/A N/A
39-2 35 10 D 513 235 - - - -
37 35 20 S 485 225 - - - -
38 35 20 D 656 26.4 N/A N/A 0.39 N/A N/A
40 40 4 S 411 21.1 N/A N/A 1.69 N/A N/A
41 40 4 D 502 24.4 - - 0.68(FW) - -
44-1 40 10 S 466 222 N/A N/A 3.30 N/A N/A
442 40 10 D 586 25.8 - - 1.76 0.84 - -
42 40 20 S 556 247 - - 022¢) [1HEE - -
43 40 20 D 727 29.1 N/A N/A 3.55 3.67 N/A N/A
45 45 4 S 466 23.2 N/A N/A 3.00 N/A N/A
46 45 4 D 557 26.6 - - 0.93 - -
49-1 45 10 S 528 24.5 N/A N/A 1.50 N/A N/A
49-2 45 10 D 648 282 - - 0.60(C) - -
47 45 20 S 676 26.4 - - 0.45 1.10 - -
48 45 20 D 847 30.6 N/A N/A 3.41 N/A N/A
50 50 8 S 642 275 N/A N/A 045B) | N/A
51 50 8 D 750 28.9 - - - -
52 50 15 S 672 27.1 - - - -
53 50 15 D 986 29.5 N/A N/A N/A N/A

“-““ denotes simulations that were not run as a part of the investigation.

“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.

“N/A” indicates no occupant compartment deformation was observed.

“(A)”, “(B)”, and “(C)” indicate deformation was observed at A-pillar, B-pillar, and C-pillar, respectively.

“(FW)”and “(RW)” indicate deformation was observed at front windshield and rear window, respectively.
Occupant comp. deformation beyond 4.0 in. MASH limit
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Table 31. Simulation Results — MASH Test Designation Nos. 3-61 and 3-62 — All Pole Configurations — Occupant Compartment

Deformation (in.)

Mast MASH 3-61 MASH 3-62
Sim. Pole Arm Mast Total C.G. Left 1/4 Center Right 1/4 Left 1/4 Center Right 1/4
No Height Length | Config Weight | Height
’ (ft) (ft) ’ (Ib) (ft) 0 25 0 25 0 25 0 25 0 25 0 25
20 20 4 S 222 12.1 - - N/A - - - - - N/A - - -
21 20 4 D 312 14.4 - - N/A - - - - - N/A - - -
22 20 10 S 261 14.0 - - N/A - - - - - N/A - - -
23 20 10 D 381 16.2 N/A | N/A | N/A | N/JA | N/A | N/JA | N/A | N/JA | N/A | N/A | N/A | N/A
30 30 4 S 300 16.8 - - N/A - - - - - N/A - - -
31 30 4 D 390 19.7 - - N/A - - - - - N/A - - -
34-1 30 10 S 349 17.9 - - - - - - - - - - - -
34-2 30 10 D 468 20.9 - - - - - - - - - - - -
32 30 20 S 433 20.3 - - N/A - - - - - N/A - - -
33 30 20 D 604 23.8 N/A | N/JA | NJA | NJA | NJA | NJA | NJA | NJA | NJA | NJA | N/A | N/A
35 35 4 S 347 19.0 - - N/A - - - - - N/A - - -
36 35 4 D 437 22.2 - - N/A - - - - - N/A - - -
39-1 35 10 S 393 20.1 - - - - - - - - - - - -
39-2 35 10 D 513 23.5 - - - - - - - - - - - -
37 35 20 S 485 22.5 - - N/A - - - - - N/A - - -
38 35 20 D 656 26.4 N/A | N/JA | N/A | NJA | N/A | NJA | NJA | NJA | N/A | NJA | NJA | N/A
40 40 4 S 411 201 } _ | NA | - } - ; _ | NA |- } ;
41 40 4 D 502 | 244 | - - [ NA | - 3 } - - [ NA | - 3 -
44-1 40 10 S 466 22 ; ; - R ; - ; - - R ; ;
442 | 40 10 D 586 25.8 } ; - R } R } R R R } }
42 40 20 S 556 24.7 - - N/A - - - - - N/A - - -
43 40 20 D 727 29.1 N/A | NJA | N/A | N/JA | N/A | N/JA | N/A | N/A | N/A | N/A | N/A | N/A
45 45 3 S 466 232 - I NA | - : : ; I NA |- : ;
46 45 4 D 557 | 266 | - - [ NA | - - } - - [ NvA | - - -
491 | 45 10 S 58 | 245 : - - } - - - - - } - -
492 45 10 D 648 282 ; ; - - ; - ; - - - ; ;
47 45 20 S 676 | 264 | - - [ NA | - - } - - [ NA | - - -
48 45 20 D 847 306 | NJA | NJA | N/A | N/A | NJA | N/A | NJA | N/A | NJA | N/A | N/A | N/A
50 50 8 S 642 27.5 - - N/A - - - - - N/A - - -
51 50 8 D 750 28.9 - - N/A - - - - - N/A - - -
52 50 15 S 672 27.1 - - N/A - - - - - N/A - - -
53 50 15 D 986 29.5 N/A | NJA | NJA | NJA | NJA | NJA | NJA | NJA | NJA | NJA | N/A | N/A

“-“ denotes simulations that were not run as a part of the investigation.

“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.
“N/A” indicates no occupant compartment deformation was observed
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Table 32. Simulation Results — MASH Test Designation No. 3-60 — All Pole Configurations — OIV (ft/s)

Vast MASH 3-60
Pole Total
Sim. No. H?;tg)ht L’:;;h C“flfgtg W(el::)%ht Hefgﬁ @ Left 1/4 Center Right 1/4
(ft) 0 25 0 25 0 25
20 20 4 S 22 2.1 276 | 262 | 301 | 319 | 277 | 2%
21 20 4 D 312 14.4 5 - 301 | 3.03 - 3
2 20 10 S 261 14.0 - - 347 | 338 - -
23 20 10 D 381 162 381 31 346 | 334 | 306 | 3.04
30 30 4 S 300 6.8 336 | 299 | 357 | 351 | 358 | 3.09
31 30 4 D 390 19.7 - - 380 | 348 - -
34-1 30 10 S 349 17.9 332 | 334 | 351 | 371 | 337 | 325
342 30 10 D 468 20.9 - - 360 | 3.68 - -
32 30 20 S 433 203 3 - 379 | 3.74 : B
33 30 20 D 604 238 341 | 476 | 386 | 382 | 376 | 3.43
35 35 4 S 347 19.0 340 | 4.08 36 | 3.65 | 362 | 333
36 35 4 D 437 22 3 - 346 | 3.6 - -
39-1 35 10 S 303 20.1 354 | 382 | 372 | 395 | 362 | 345
392 35 10 D 513 235 : - 368 | 391 - 3
37 35 20 S 485 225 - - 392 | 473 - :
33 35 20 D 656 26.4 379 | 49 | 480 | 455 | 394 | 3.64
20 40 4 S a1 201 383 | 555 | 3.79 | 407 | 410 | 3.72
41 40 4 D 502 244 : - 390 | 425 - :
44-1 40 10 S 466 22 391 | 480 | 385 | 46 | 414 | 378
442 40 10 D 586 258 - - 401 | 4.60 - B
0 40 20 S 556 247 : - 397 | 5.0 : 3
43 40 20 D 727 20.1 423 | 694 | 453 | 524 | 424 | 399
45 5 4 S 466 232 410 - 404 | 485 | 535 | 401
46 45 4 D 557 26.6 - - 422 | 494 - -
49-1 45 10 S 528 245 430 | 688 | 423 | 485 | 439 | 414
492 45 10 D 648 282 - - 463 | 567 - 3
47 45 20 S 676 26.4 : - 464 | 495 - -
48 45 20 D 847 30.6 470 | 572 | 499 | 625 | 483 | 426
50 50 3 S 042 275 444 | 612 | 486 | 511 | 489 | 456
51 50 g D 750 28.9 - . 505 | 532 - -
52 50 15 S 672 27.1 : - 626 | 483 - -
53 50 15 D 986 2905 6.05 52 | 723 | 626 | 576 | 5.63

“-“ denotes simulations that were not run as a part of the investigation.
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Table 33. Simulation Results — MASH Test Designation Nos. 3-61 and 3-62 — All Pole Configurations - OIV (ft/s)

Mast MASH 3-61 MASH 3-62 ‘
Sim. P(?le Arm Mast To't al C'.G' . .
Height Weight Height Left 1/4 Center Right 1/4 Left 1/4 Center Right 1/4 ‘
No. Length | Config.
(ft) (1b) (ft)
(ft) 0 25 0 25 0 25 0 25 0 25 0 25
20 20 4 S 222 12.1 - - 5.57 - - - - - 4.41 - - -
21 20 4 D 312 14.4 - - 5.44 - - - - - 4.34 - - -
22 20 10 S 261 14.0 - - 5.55 - - - - - 4.52 - - -
23 20 10 D 381 16.2 5.88 5.28 5.67 5.88 6.16 5.96 4.33 4.10 4.53 4.39 4.30 4.27
30 30 4 S 300 16.8 - - 6.26 - - - - - 4.49 - - -
31 30 4 D 390 19.7 - - 6.37 - - - - - 4.53 - - -
34-1 30 10 S 349 17.9 - - - - - - - - - - - -
34-2 30 10 D 468 20.9 - - - - - - - - - - - -
32 30 20 S 433 20.3 - - 6.82 - - - - - 4.60 - - -
33 30 20 D 604 23.8 7.33 7.84 6.97 7.22 7.94 6.78 4.63 4.56 4.64 4.73 4.70 4.72
35 35 4 S 347 19.0 - - 6.82 - - - - - 4.63 - - -
36 35 4 D 437 222 - - 7.18 - - - - - 4.65 - - -
39-1 35 10 S 393 20.1 - - - - - - - - - - - -
39-2 35 10 D 513 23.5 - - - - - - - - - - - -
37 35 20 S 485 22.5 - - 7.37 - - - - - 4.75 - - -
38 35 20 D 656 26.4 8.06 7.76 7.42 8.17 7.79 7.79 4.93 4.93 4.84 4.94 5.27 4.91
40 40 4 S 411 21.1 - - 7.81 - - - - - 4.86 - - -
41 40 4 D 502 24.4 - - 7.70 - - - - - 4.82 - - -
44-1 40 10 S 466 222 - - - - - - - - - - - -
44-2 40 10 D 586 25.8 - - - - - - - - - - - -
42 40 20 S 556 24.7 - - 8.37 - - - - - 5.10 - - -
43 40 20 D 727 29.1 8.55 8.25 8.74 9.44 8.52 8.67 5.41 5.48 5.26 5.36 5.25 5.12
45 45 4 S 466 23.2 - - 8.02 - - - - - 5.09 - - -
46 45 4 D 557 26.6 - - 9.09 - - - - - 5.06 - - -
49-1 45 10 S 528 24.5 - - - - - - - - - - - -
49-2 45 10 D 648 28.2 - - - - - - - - - - - -
47 45 20 S 676 26.4 - - 10.00 - - - - - 5.83 - - -
48 45 20 D 847 30.6 9.38 9.68 | 10.19 | 11.35 | 9.02 8.76 5.84 5.93 6.00 6.05 5.91 5.77
50 50 8 S 642 27.5 - - 9.78 - - - - - 5.93 - - -
51 50 8 D 750 28.9 - - 11.52 - - - - - 5.87 - - -
52 50 15 S 672 27.1 - - 10.20 - - - - - 6.02 - - -
53 50 15 D 986 29.5 10.13 | 11.81 | 12.45 | 13.76 | 11.33 | 1144 | 6.97 7.39 7.14 7.14 7.15 7.00

“- denotes simulations that were not run as a part of the investigation.
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Table 34. Potential to Meet MASH Criteria for All Pole Configurations — MASH Test Designation No. 3-60

Pole Mast Total MASH 3-60
. . Arm Mast . C.G. Left 1/4 Center Right 1/4
Sim. No. Height Length Config Weight Height (ft)
(ft) (f) ’ (Ib) 0 25 0 25
20 20 4 S 222 12.1 Pass Pass Pass Pass
21 20 4 D 312 14.4 - - - -
22 20 10 S 261 14.0 - - - -
23 20 10 D 381 16.2 Pass Pass Pass Pass
30 30 4 S 300 16.8 Pass Pass Pass Pass
31 30 4 D 390 19.7 - - - -
34-1 30 10 S 349 17.9 Pass Pass Pass Pass
34-2 30 10 D 468 20.9 - - - -
32 30 20 S 433 20.3 - - - -
33 30 20 D 604 23.8 Pass Pass Pass Pass Pass Pass
35 35 4 S 347 19.0 Pass Pass Pass Pass Pass Pass
36 35 4 D 437 22.2 - -
39-1 35 10 S 393 20.1 Pass Pass
39-2 35 10 D 513 23.5 - -
37 35 20 S 485 22.5 - -
38 35 20 D 656 26.4 Pass Pass
40 40 4 S 411 21.1 Pass Pass
41 40 4 D 502 24.4 - -
44-1 40 10 S 466 22.2 Pass Pass
44-2 40 10 D 586 25.8 - -
42 40 20 S 556 24.7 - -
43 40 20 D 727 29.1 Pass Pass
45 45 4 S 466 23.2 Pass Pass
46 45 4 D 557 26.6 - -
49-1 45 10 S 528 24.5 Pass Pass
49-2 45 10 D 648 28.2 - -
47 45 20 S 676 26.4 - -
48 45 20 D 847 30.6 Pass Pass
50 50 8 S 642 27.5 - -
51 50 8 D 750 28.9 - -
52 50 15 S 672 27.1 - -
53 50 15 D 986 29.5 Pass Pass

“-“ denotes simulations that were not run as a part of the investigation.

“S” stands for single mast arm configuration and “D” stands for dual mast arm configuration.
I Low potential to pass MASH due to occupant compartment deformation, roof crush, or OIV.
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Table 35. Potential to Meet MASH Ceriteria for All Pole Configurations — MASH Test Designation Nos. 3-61 and 3-62

“-“ denotes simulations that were not run as a part of the investigation.

_ Pole Mast Total CG. MASH 3-61 MASH 3-62
Sim. Heicht Arm Mast Weight Heioht Left 1/4 Center Right 1/4 Left 1/4 Center Right 1/4
No. e Length | Config. e e
(ft) (f) (Ib) (ft) 0 25 0 25 0 25 0 25 0 25 0 25
20 20 4 S 222 12.1 - - Pass - - - - - Pass - - -
21 20 4 D 312 14.4 - - Pass - - - - - Pass - - -
22 20 10 S 261 14.0 - - Pass - - - - - Pass - - -
23 20 10 D 381 16.2 Pass Pass Pass Pass Pass Pass | Pass | Pass | Pass | Pass | Pass | Pass
30 30 4 S 300 16.8 - - Pass - - - - - Pass - - -
31 30 4 D 390 19.7 - - Pass - - - - - Pass - - -
34-1 30 10 S 349 17.9 - - - - - - - - - - - -
34-2 30 10 D 468 20.9 - - - - - - - - - - - -
32 30 20 S 433 20.3 - - Pass - - - - - Pass - - -
33 30 20 D 604 23.8 Pass Pass Pass Pass Pass Pass | Pass | Pass | Pass | Pass | Pass | Pass
35 35 4 S 347 19.0 - - Pass - - - - - Pass - - -
36 35 4 D 437 22.2 - - Pass - - - - - Pass - - -
39-1 35 10 S 393 20.1 - - - - - - - - - - - -
39-2 35 10 D 513 23.5 - - - - - - - - - - - -
37 35 20 S 485 22.5 - - Pass - - - - - Pass - - -
38 35 20 D 656 26.4 Pass Pass Pass Pass Pass Pass | Pass | Pass | Pass | Pass | Pass | Pass
40 40 4 S 411 21.1 - - Pass - - - - - Pass - - -
41 40 4 D 502 24.4 - - Pass - - - - - Pass - - -
44-1 40 10 S 466 22.2 - - - - - - - - - - - -
44-2 40 10 D 586 25.8 - - - - - - - - - - - -
42 40 20 S 556 24.7 - - Pass - - - - - Pass - - -
43 40 20 D 727 29.1 Pass Pass Pass Pass Pass Pass | Pass | Pass | Pass | Pass | Pass | Pass
45 45 4 S 466 23.2 - - Pass - - - - - Pass - - -
46 45 4 D 557 26.6 - - Pass - - - - - Pass - - -
49-1 45 10 S 528 24.5 - - - - - - - - - - - -
49-2 45 10 D 648 28.2 - - - - - - - - - - - -
47 45 20 S 676 26.4 - - Pass - - - - - Pass - - -
48 45 20 D 847 30.6 Pass Pass Pass Pass Pass Pass | Pass | Pass | Pass | Pass | Pass | Pass
50 50 8 S 642 27.5 - - Pass - - - - - Pass - - -
51 50 8 D 750 28.9 - - Pass - - - - - Pass - - -
52 50 15 S 672 27.1 - - Pass - - - - - Pass - - -
53 50 15 D 986 29.5 Pass Pass Pass Pass Pass Pass | Pass | Pass | Pass | Pass | Pass | Pass
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Discussion — All Pole Simulation Results

As shown in Table 34, the simulations with low potential to pass MASH occurred under
test designation no. 3-60 with a center impact at either O degree or 25 degrees. These simulations
failed due to excessive roof crush. The most critical configuration was the 30-ft tall pole with a
single 20-ft long mast arm since it had the largest occupant compartment deformation at both 0
degrees and 25 degrees of 7.77 in. and 8.40 in. respectively.

Occupant Compartment Deformation

All 32 pole configuration simulations resulted in occupant compartment deformation under
MASH test designation no. 3-60 with center impact conditions, with 19 configurations exceeding
the MASH limit.

For the limited simulations conducted at left and right quarter-point impacts under MASH
test designation no. 3-60, only one simulation (a 20-ft tall pole with dual 10-ft long mast arms at a
left quarter-point impact with a 25-degree angle) resulted in contact between the pole and the
vehicle. The deformation observed in this case was minimal and caused by the pole grazing the
vehicle’s left-side A-pillar. Since contact after the initial impact was minimal in this case and
absent in other simulations, left and right quarter-point impacts appeared less critical than center
impacts. However, additional simulations or tests are necessary to validate this conclusion.

Furthermore, for all simulations under MASH test designation nos. 3-61 and 3-62, across
center, left-quarter point, and right-quarter point impact locations, as well as 0-degree and 25-
degree impact angles, no pole contacted the vehicle after the initial impact. A comparison of the
pole dynamics of different pole configurations is shown in Tables 36 and 37.

In general, as pole height increased, the poles had slower fall dynamics. Additionally, taller
poles contacted the vehicle for a longer duration because the top of the pole impacted the ground
while the bottom of the pole remained on the vehicle. This extended interaction caused additional
damage to the occupant compartment as the pole and pole base plate slid along the roof while the
vehicle continued moving.

A comparison of the impacts of various pole configurations with the vehicle roof under a
MASH test designation no. 3-60 center impact is shown in Tables 38 and 39. Note that the images
display how the pole impacted the roof differently at different pole heights, mast arm lengths, mast
arm configurations, and impact angles. Tables 38 and 39 are not comprehensive, i.e., they do not
include images for all MASH test designation no. 3-60 center impact simulations. Instead, the
images should be used to compare how different configurations and impact angles influence pole
dynamics and how these dynamics affect the manner in which the pole impacts the vehicle roof.
Descriptions of simulation pole dynamics are provided in Appendix D.
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Table 36

. Simulation Pole Dynamics Comparison at MASH Test Designation No. 3-60 Center Impact

Simulation

Time

0 msec

250 msec

500 msec

750 msec

20-ft tall
pole single
10-ft long
mast arm
MASH 3-
60 center
impact at
25 degrees

-~

30-ft tall
pole with
single 20-ft
long mast
arm

MASH 3-
60 center
impact at
25 degrees

40-ft tall
pole with
dual 4-ft
long mast
arms
MASH 3-
60 center
impact at 0
degrees

50-ft tall
pole with
dual 15-ft
long mast
arms

MASH 3-
60 center
impact at 0
degrees

L g

N
;
x.

) Q/B/ﬁ
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Table 37

. Simulation Pole Dynamics Comparison at MASH Test Designation No. 3-60 Center Impact, Cont.

Simulation

Time

1000 msec

1500 msec

2000 msec

2500 msec

20-ft tall
pole with
single 10-
ft long
mast arm

MASH 3-
60 center
impact at
25 degrees

Simulation ended at 1500 msec

Simulation ended at 1500 msec

30-ft tall
pole with
single 20-
ft long

mast arm
MASH 3-
60 center
impact at
25 degrees

Simulation ended at 1500 msec

Simulation ended at 1500 msec

40-ft tall
pole with
dual 4-ft
long mast
arms

MASH 3-
60 center
impact at
0 degrees

50-ft tall
pole with
dual 15-ft
long mast
arms
MASH 3-
60 center
impact at

0 degrees
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Table 38. Simulation Vehicle Roof Impact Comparison at MASH Test Designation No. 3-60 Center Impact

Pole MASH 3-60 Center Point Impact - Vehicle Roof Impact Image
Height Configuration One - 0-deg. Impact Configuration One - 25-deg. Impact Configuration Two - 0-deg. Impact Configuration Two - 25-deg. Impact
20-ft
tall “
Dual 4-ft Mast Arms at 0-deg impact Dual 4-ft Mast Arms at 25-deg impact Single 10-ft Mast Arm at 0-deg impact Single 10-ft Mast Arm at 25-deg impact
(t=950 msec) (t=950 msec) (t=800 msec) (t=800 msec)
30-ft
tall
e = -
Single 20-ft Mast Arm at 0-deg impact Single 20-ft Mast Arm at 25-deg impact Dual 20-ft Mast Arms at 0-deg impact Dual 20-ft Mast Arms at 0-deg impact
(t=1000 msec) (t=1000 msec) (t=1300 msec) (t=1300 msec)
35-ft
tall

Single 4-ft Mast Arm at 0-deg impact
(t=1100 msec)

Sing1:4-ft Mast Arm at 25-deg impact
(t=1100 msec)

Dual 20-ft Mast Arms at 0-deg impact
(t=1400 msec)

Dual 20-ft Mast Arms at 25-deg impact
(t=1400 msec)
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Table 39. Simulation Vehicle Roof Impact Comparison at MASH Test Designation No. 3-60 Center Impact, Cont.

Dual 8-ft Mast Arms at 0-deg impact

(t=1550 msec)

Dual 8-ft Mast Arms at 25-deg impact

-

(t=1550 msec) Pole does not contact roof

Dual 15-ft Mast Arms at 0-deg impact.

(t=1700 msec)

Pole MASH 3-60 Center Point Impact - Vehicle Roof Impact Image
Height Configuration One - 0-deg. Impact Configuration One - 25-deg. Impact Configuration Two - 0-deg. Impact Configuration Two - 25-deg. Impact
|
’
40-ft
tall
Single 20-ft Mast Arm at 0-deg impact Single 20-Ift Mast Arm at 25-deg impact
(t=1400 msec) (t=1400 msec) (t=1200 msec) Pole does not contact roof (t=1200 msec)
45-ft
tall
: (@ = s _ @) E"‘“"l_'ﬂ o
Single 4-ft Mast Arm at 0-deg impac Single 4-ft Mast Arm at 25-deg impact Dual 20-ft Mast Arms at 0-deg impact Dual 20-ft Mast Arms at 25-deg impact
(t=1300 msec) (t=1300 msec) (t=1600 msec) (t=1600 msec)
. A
50-ft e T
tall e

Dual 15-ft Mast Arms at 25-deg impact

(t=1700 msec)
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For different pole configurations, the impact location of the pole onto the vehicle roof
changed. In general, 20-ft and 30-ft tall poles impacted the vehicle roof near the midsection of the
pole, i.e., near the pole’s C.G., while 45-ft and 50-ft tall poles impacted the vehicle roof near the
bottom of the pole. Additionally, as the pole configurations increased in weight, the time of impact
occurred later, i.e., heavier pole configurations generally impacted the vehicle at a later time.

Pole configurations with single mast arms rotated counterclockwise, as viewed from the
top, about the pole’s vertical axis while falling. Pole configurations with single 4-ft long mast arms
could rotate nearly 180 degrees while falling before impacting the vehicle’s roof, while pole
configurations with single 20-ft long mast arms may have rotated about 60 degrees. Pole
configurations with dual mast arms did not tend to rotate about the pole’s vertical axis.

Additionally, the impact angle affected how the pole fell onto the vehicle. The 25-degree
impact angle contributed to the mast arms being oriented differently upon impact compared to a
0-degree impact angle. Also, the slip base disengaged differently in 25-degree impacts compared
to 0-degree impacts due to the asymmetric geometry of the slip base in that orientation. The pole
disengaged from the base, and the bottom of the pole generally “kicked out” toward the passenger
side of the vehicle by about 72 in. to 1 in.

OoIv

For all poles between 20 ft and 45 ft under MASH test designation nos. 3-60, 3-61, and 3-
62, across all impact locations and angles, the simulated OIV values were well below the MASH
limit of 16 ft/s. The highest OIV among these configurations was 11.35 ft/s, recorded for the 45-ft
tall pole with dual 20-ft long mast arms under MASH test designation no. 3-61 at a center impact
with a 25-degree angle.

For the 50-ft tall pole with dual 15-ft long mast arms at center impacts, there was a concern
about potentially exceeding the 16 ft/s limit. The simulated OIV for this configuration under
MASH test designation no. 3-61 was 12.45 ft/s at a 0-degree center impact and 13.76 ft/s at a 25-
degree center impact. This concern arises because the baseline simulation underpredicted OIV by
approximately 35% for high-speed tests, as discussed in Section 4.2.6. The simulated OIV plotted
versus the system weight for all simulations is shown in Figure 94.
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Figure 94. Simulated OIVs vs. System Weights
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ORA and Vehicle Stability

The ORA for all pole configurations was well below the 20.49-g MASH limit. The largest
ORA was 1.92 g’s for a 50-ft tall pole with dual 15-ft long mast arms under MASH test designation
no. 3-60 with a center impact at 0 degrees. Additionally, the simulation results suggested that
vehicle stability was not critical, as roll and pitch remained well below the 75-degree limit in all
simulations. Detailed simulation results are reported in Appendix D.

Pole Configurations with High Potential to Meet MASH Criteria

Although no other family of configurations showed a strong potential to meet MASH
criteria, further analysis of the results indicated a “window of opportunity” for pole configurations
weighing between approximately 450 1b and 600 Ib. Configurations within this weight range either
passed or marginally failed to meet MASH criteria in the simulations, suggesting that designs in
this weight category may warrant additional investigation or optimization. The simulated roof
crush for all pole configurations, sorted from lowest weight to highest weight, is shown in Table
40. The highest deformation in the range from 450 1b to 600 1b was 4.73 in., which could be
considered as a marginal potential for failure.

A similar “window of opportunity” was identified for pole configurations with a C.G. from
21 ft to 26 ft. The simulated roof crush for all pole configurations, sorted from lowest C.G. to
highest C.G., is shown in Table 41. The highest deformation in the range of C.G. from 21 to 26 ft
is 4.73 in., which again could be considered as a marginal potential for failure.

A simulation matrix with the MASH test designation no. 3-60 center impact results that
highlights configurations that have a high potential to meet MASH criteria is shown in Table 42.
Note that the only configuration that did not have 4-ft long mast arms or was in a window of
opportunity was Simulation No. 43, i.e., the 40-ft tall pole with dual 20-ft long mast arm.
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Table 40. Simulation Results - MASH Test Designation No. 3-60 - Occupant Compartment Deformation, Sorted by Total Weight

Sim Pole lxlg Mast Total C.G MASH 3-60
’ Height as Weight Height Center
No. Length | Config.
(ft) (Ib) (ft)
(f
20 20 4 S 222 12.1
22 20 10 s 261 14.0
30 30 4 s 300 16.8 2.14
21 20 4 D 312 14.4 2.79 (RW)
35 35 4 s 347 19.0 3.64
34-1 30 10 s 349 17.9
23 20 10 D 381 16.2
31 30 4 D 390 19.7
39-1 35 10 s 393 20.1
40 40 4 s 411 21.1
32 30 20 S 433 20.3
36 35 4 D 437 222 3.59 1.88
44-1 40 10 S 466 22.2 0.19 3.30
45 45 4 S 466 23.2 0.35 (C) 3.00
342 30 10 D 468 209 1.98 0.50 (FW)
37 35 20 s 485 225 3.12
41 40 4 D 502 244 0.68 (FW)
39-2 35 10 D 513 23.5 3.64 251
49-1 45 10 S 528 24.5 0.56 (FW) 1.50
42 40 20 S 556 24.7 0.22 ici —
46 45 4 D 557 26.6 0.93
442 40 10 D 586 25.8 1.76 0.84
33 30 20 D 604 23.8 3.35 0.97
50 50 8 S 642 27.5
49-2 45 10 D 648 28.2 0.60 (C)
38 35 20 D 656 264 0.39
52 50 15 S 672 27.1
47 45 20 s 676 26.4
43 40 20 D 727 29.1 3.55 3.67
51 50 8 D 750 289 N/A
48 45 20 D 847 30.6 341
53 50 15 D 986 29.5 3.60

“N/A” indicates no occupant compartment deformation was observed.

“(A)”, “(B)”, and “(C)” indicate deformation was observed at A-pillar, B-pillar, and C-pillar, respectively.
“(FW)”and “(RW)” indicate deformation was observed at front windshield and rear window, respectively.
“-“ denotes simulations that were not run as a part of the investigation.

I Occupant comp. deformation beyond 4.0 in. MASH limit

ST-187-€0-d¥d.L "ON 1odoy JSUMIN

ST0T ‘81 12quL22J



IS1

Table 41. Simulation Results- MASH 3-60 - Occupant Compartment Deformation, Sorted by C.G. Height

G | Pole | NP Towl | CG. MASH 3-60
: Height Weight | Height Center
No. Length | Config.
(ft) (Ib) (ft)
(ft)
20 20 4 S 222 12.1
22 20 10 S 261 14.0
21 20 4 D 381 143
23 20 10 D 520 16.2
30 30 4 S 260 16.7
34-1 30 10 S 349 17.8
35 35 4 S 307 18.9
31 30 4 D 449 19.6
39-1 35 10 S 393 20.1
32 30 20 S 433 20.2
34-2 30 10 D 571 20.9 0.50 (FW)
40 40 4 S 371 21.0 1.88 1.69
36 35 4 D 426 22.1 3.59 1.88
44-1 40 10 S 397 22.2 0.19 3.30
37 35 20 S 485 225 3.12
45 45 4 S 496 23.1 0.35(C) 3.00
39-2 35 10 D 495 234 3.64 251
33 30 20 D 604 237 0.97
41 40 4 D 362 243 0.68 (FW)
49-1 45 10 S 528 24.4 0.56 (FW)
42 40 20 S 442 247 0.22 (C)
442 40 10 D 568 25.8 1.76 0.84
47 45 20 S 625 263
38 35 20 D 535 26.4
46 45 4 D 656 26.6
52 50 15 S 672 27.0
50 50 8 S 642 275
492 45 10 D 516 28.2
51 50 8 D 648 28.8
43 40 20 D 555 29.1
53 50 15 D 949 294
48 45 20 D 847 30.6

“N/A” indicates no occupant compartment deformation was observed.

“(A)”, “(B)”, and “(C)” indicate deformation was observed at A-pillar, B-pillar, and C-pillar, respectively.
“(FW)”and “(RW)” indicate deformation was observed at front windshield and rear window, respectively.

“-“ denotes simulations that were not run as a part of the investigation.
Il Occupant comp. deformation beyond 4.0 in. MASH limit
Note: MASH limit for deformation of windshield is 3.0 in.
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Table 42. Simulation Results - MASH 3-60 — All Pole Configurations (Highlighted: Configurations with Potential to Pass MASH) —
Occupant Compartment Deformation (in.)

‘ pole | Mast Total | C.G. MASH 3-60
Sim. Heicht Arm Mast Weicht | Height Left 1/4 Center Right 1/4
No. & Length | Config. cig cig
(ft) (ft) (Ib) (fo) 0 25 0 25 0 25
20 20 4 s 222 121 | 1.10(C) | 1.70(C) 038 4.14 N/A N/A
21 20 4 D 312 14.4 - - 2.79(RW 4.01 - -
22 20 10 S 261 14.0 - - - -
23 20 10 D 381 16.2 N/A [ 0.19(A) 1.59 N/A N/A
30 30 4 s 300 16.8 N/A N/A 2.14 3.55 N/A N/A
31 30 4 D 390 19.7 - - 2.57 3.50(RW - -
34-1 30 10 S 349 17.9 N/A N/A N/A N/A
342 30 10 D 468 20.9 - - 1.98 0.50(FW) - -
32 30 20 s 433 203 - - - -
33 30 20 D 604 23.8 N/A N/A 3.35 0.97 N/A N/A
35 35 4 S 347 19.0 N/A N/A 3.64 3.67 N/A N/A
36 35 4 D 437 222 - - 3.59 1.88 - -
39-1 35 10 S 393 20.1 N/A ~vA T VA N/A
39-2 35 10 D 513 235 - - 3.64 251 - -
37 35 20 s 485 225 - - 3.12 4.24 - -
38 35 20 D 656 26.4 N/A NA [ 039 NA | NA
40 40 4 S 411 21.1 N/A N/A 1.88 1.69 N/A N/A
41 40 4 D 502 24.4 - - 4.08 0.68(FW) - -
44-1 40 10 s 466 222 N/A N/A 0.19 3.30 N/A N/A
442 40 10 D 586 25.8 - - 1.76 0.84 - -
42 40 20 S 556 24.7 - - 0.22(C) 4.73 - -
43 40 20 D 727 29.1 N/A N/A 3.55 3.67 N/A N/A
45 45 4 S 466 232 N/A N/A 0.35(C) 3.00 N/A N/A
46 45 4 D 557 26.6 - - 4.02 0.93 - -
49-1 45 10 s 528 24.5 N/A N/A | 0.56(FW) 1.50 N/A N/A
492 45 10 D 648 28.2 - - 0.60(C) - -
47 45 20 S 676 264 - - 1.10 - -
48 45 20 D 847 30.6 N/A N/A N/A N/A
50 50 8 S 642 27.5 N/A N/A 0.45(B8) | N/A
51 50 8 D 750 289 - - - -
52 50 15 S 672 27.1 - - - -
53 50 15 D 986 29.5 N/A N/A N/A N/A

“N/A” indicates no occupant compartment deformation was observed.
“(A)”, “(B)”, and “(C)” indicate deformation was observed at A-pillar, B-pillar, and C-pillar, respectively.
“(FW)”and “(RW)” indicate deformation was observed at front windshield and rear window, respectively.
“-“ denotes simulations that were not run as a part of the investigation.
I Occupant comp. deformation beyond 4.0 in. MASH limit
Occupant comp. def. between 2.0 in. and 4.0 in. Note: MASH limit for deformation of windshield is 3.0 in.
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4.2.8 Trends
4.2.8.1 Test Designations

MASH Test Designation No. 3-60

After completing the simulations, it was determined that MASH test designation no. 3-60
was the most critical test designation. This outcome aligns with expectations based on the review
of previous full-scale crash tests in Section 2.3. In all pole configurations under MASH test
designation no. 3-60 with center impact points, the pole impacted the vehicle, resulting in occupant
compartment deformation. In general, left-quarter point and right-quarter point impacts were less
critical.

For all MASH test designation no. 3-60 simulations, the simulated OIV values were well
below the MASH limit of 16 ft/s. The largest simulated OIV was 7.23 ft/s with an ORA of 1.92
g’s for the 50-ft tall pole with dual 15-ft long mast arms under MASH test designation no. 3-60
with a center impact at 0 degrees. Additionally, there was little concern about violations of ORA
and vehicle stability criteria under MASH test designation no. 3-60 based on the simulation results.

MASH Test Designation No. 3-61

The simulations indicated that MASH test designation no. 3-61 was not critical. For all
impacts under this designation, there were no instances of occupant compartment deformation, as
the pole did not contact the vehicle after the initial impact.

For all MASH test designation no. 3-61 simulations, the simulated OI'V values were below
the MASH limit of 16 ft/s. However, for the 50-ft tall pole with dual 15-ft long mast arms
configuration during center impacts, there was a concern of potentially exceeding the 16 ft/s limit.
The simulated OIV values for this configuration were 12.45 ft/s at 0 degrees and 13.76 ft/s at 25
degrees, the largest OIVs recorded in the simulations. This concern arises because the baseline
simulation under-predicted OIV by approximately 35% for high-speed tests, as discussed in
Section 4.2.6. There was little concern that MASH test designation no. 3-61 impacts would violate
ORA or vehicle stability criteria based on the simulation results.

MASH Test Designation No. 3-62

MASH test designation no. 3-62 was determined to be the least critical test designation.
Simulations under this designation showed no instances of occupant compartment deformation, as
the pole did not contact the vehicle after the initial impact.

For all MASH test designation no. 3-62 simulations, the simulated OIV values were well
below the MASH limit of 16 ft/s. The highest simulated OI'V was 7.39 ft/s for the 50-ft tall pole
with dual 15-ft long mast arms during a left quarter-point impact at 25 degrees. There was little
concern about violating ORA or vehicle stability criteria under MASH test designation no. 3-62
based on the simulation results.
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4.2.8.2 Impact Conditions

Vehicle Impact Point

Based on the simulations, the center impact was the most critical vehicle impact point due
to the high likelihood of the pole falling onto the vehicle and causing occupant compartment
deformation in MASH test designation no. 3-60. In contrast, the left quarter point and right quarter
point impacts were generally not critical for occupant compartment deformation. This was because
the vehicle’s impact caused the pole to move laterally away from the vehicle, preventing it from
landing on the vehicle. Note that all impact locations showed similar simulated ORA and vehicle
stability values, which were well below the MASH limits in all cases.

Vehicle Impact Angle

Based on the simulations, there was no clear trend between 0-degree and 25-degree impact
angles, although the 0-degree impact angle was marginally more critical than the 25-degree impact.
For MASH test designation no. 3-60 with a center impact at 0 degrees, all thirty-two pole
configurations resulted in occupant compartment deformation, with fourteen configurations
exceeding the MASH limit. For a center impact at 25 degrees, thirty-one of the thirty-two pole
configurations resulted in occupant compartment deformation, with eleven configurations
exceeding the MASH limit.

At MASH test designation nos. 3-61 and 3-62 with a center impact, the 0-degree impacts
resulted in slightly lower OIV values compared to 25-degree impacts. However, under MASH test
designation no. 3-60, both impact angles produced similar OIV values. Across all impact angles,
the simulated ORA and vehicle stability values were comparable and well below the MASH limits.

4.2.8.3 Pole Height

Short Poles

For 20-ft configurations under MASH test designation no. 3-60 with a center impact, single
long arms (i.e., 10-ft long mast arms) were the most critical. These configurations resulted in the
largest roof crush values. The significant roof crush was likely due to the pole impacting the
vehicle’s roof near the pole configuration’s C.G., resulting in a more direct vertical downward
force on the roof.

Additionally, the pole’s rotation about its vertical axis during the fall may have contributed
to the increased roof deformation for these configurations. As the pole fell, the single mast arm
rotated approximately 60 degrees counterclockwise (viewed from above) and maintained a near-
vertical orientation (i.e., the mast arm was mostly perpendicular to the ground surface from a side
view). This positioning caused the force of the arm and surrogate luminaire to contribute directly
to the roof deformation.

Medium Poles

Medium pole configurations (i.e., 30-ft to 40-ft tall poles) generally experienced the fewest
failures and the least occupant compartment deformation. The largest simulated roof crush for
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poles between 35 ft and 40 ft was 5.45 in., while the other four failures had occupant compartment
deformation ranging from 4.08 in. to 4.73 in., indicating that most failures for medium pole
configurations were marginal.

For 30-ft tall pole configurations, long single arms (i.e., 10-ft and 20-ft mast arms) proved
to be the most critical. The 20-ft single arm configurations showed the largest roof crush values,
measuring 7.77 in. and 8.40 in. at 0 degrees and 25 degrees, respectively. These large roof crush
values were likely to be due to the pole impacting the vehicle roof at the pole configuration’s C.G.,
resulting in a more direct vertical downward force on the roof.

Additionally, the rotation of the pole about its vertical axis during the fall likely contributed
to the increased roof deformation for these configurations. The single mast arm rotated
approximately 60 degrees counterclockwise (as viewed from above) and remained relatively
vertical (i.e., mostly perpendicular to the ground surface in a side view) as the pole fell onto the
vehicle. This orientation caused the force of the arm and surrogate luminaire to contribute directly
to the roof crush.

Tall Poles

For tall pole configurations (i.e., 45-ft to 50-ft tall poles) under MASH test designation no.
3-60 with a center impact, all dual-arm configurations at a 0-degree impact angle resulted in over
4.0 in. of roof crush. The consistent failures of these tall poles with dual arms at a 0-degree impact
angle were likely due to the high weight of these configurations.

Because dual-arm configurations have symmetric loading about the vertical axis, the poles
tended to fall straight along the center of the vehicle without significant rotation. This lack of
rotation meant that the full weight of the pole impacted directly onto the vehicle, resulting in roof
crush, windshield deformation, or both. Given the weight of these tall pole configurations, ranging
from 560 Ib to 1,000 Ib, the resulting deformations were generally large. The largest roof crush
observed occurred under MASH test designation no. 3-60 at 0 degrees for tall poles with dual mast
arms. This highlights the critical nature of these configurations in terms of occupant compartment
deformation under center impact conditions.

4.2.8.4 Mast Arm Configuration

Single Mast Arm

A total of nine out of the sixteen single mast arm configurations demonstrated a low
potential to meet MASH criteria. After impact, single mast arm configurations typically fell while
rotating counterclockwise about their vertical axes, as viewed from above. The extent of this
rotation was influenced by the length of the mast arm, with longer arms contributing more to the
moment of inertia about the vertical axis compared to shorter arms.

Single 4-ft mast arm configurations rotated 180 degrees during the fall, while single 20-ft
mast arm configurations rotated approximately 60 degrees. This behavior in single mast arm
rotation is consistent with observations from previous crash testing, such as the Arizona 3-bolt
crash test series explored in Section 2.3.3. Pole configurations that were 20 ft or 30 ft tall with
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single 10-ft or 20-ft long mast arms were some of the most critical since all had large roof crush
deformation and low potential to meet MASH criteria.

Dual Mast Arms

A total of ten out of the sixteen dual mast arm pole configurations demonstrated a low
potential to meet MASH criteria. After impact, dual mast arm configurations typically fell without
significant rotation about their vertical axes due to their symmetrical design. The 45-ft and 50-ft
tall pole configurations with dual mast arms were among the most critical. These configurations
consistently showed large roof crush deformations and had a low potential to meet MASH criteria.
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S RECOMMENDATIONS FOR FUTURE FULL-SCALE CRASH TESTING

The developed slip base model was validated using data from past crash tests; however,
inconsistent patterns were observed for poles with different configurations under various MASH
impact conditions. Therefore, conducting multiple full-scale crash tests under MASH impact
conditions is needed to confirm the findings and evaluate the accuracy of the simulations. The
results from these full-scale crash tests can be used to validate and/or refine the LS-DYNA
simulations, improving their accuracy.

5.1 Preliminary Crash Test Recommendations

Based on the simulation results shown in Tables 30 and 32, the priority for crash testing
luminaire poles with 4-bolt slip bases was assigned to systems that indicated the most concerning
behavior in terms of occupant compartment deformation and maximum OIV. The systems that are
recommended for further evaluation with crash testing are summarized as follows and shown in
Table 43. In total, four full-scale crash tests are recommended:

1. Crash Test No. 1: a 50-ft tall pole with dual 15-ft long mast arms and weight of 986 lb
to be tested under MASH test designation no. 3-61 with a center impact point and a 25-
degree impact angle.

2. Crash Test No. 2: a 50-ft tall pole with dual 15-ft long mast arms and weight of 986 1b
to be tested under MASH test designation no. 3-60 with a center impact point and a 0-
degree impact angle.

3. Crash Test No. 3: a 30-ft tall pole with a single 20-ft long mast arm and weight of 433
Ib to be tested under MASH designation test no. 3-60 with a center impact point and a
25-degree impact angle.

4. Crash Test No. 4: a 20-ft tall pole with a single 10-ft long mast arm and weight of 261
Ib to be tested under MASH test designation no. 3-60 with a center impact point and a
25-degree impact angle.
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Table 43. Full-Scale Crash Test Recommendations — Steel Luminaire Poles with 4-Bolt Slip Base

Sim PQIe Mast Arm Mast To.tal MASH 3-60 . MASH 3-61 . MASH 3-62 -
No. Height Length Config Weight Left 1/4 Center Right 1/4 Left 1/4 Center Right 1/4 Left 1/4 Center Right 1/4
i (f (ft) i (Ib) 0 25 0 25 0 25 0 25 0 25 0 25 0 25 0 25 0 25
20 20 4 S 222 - - = = = o o - - -
21 20 4 D 312 - - - - - = = = = = - - - -
22 20 10 S 261 - - - = = = o - - - - - B -
23 20 10 D 381
30 30 4 S 300 - - = = = o o - - -
31 30 4 D 390 - - = = = = o - - - - - _ _
34-1 30 10 S 349 - = o o = o - - - - - -
34-2 30 10 D 468 - - - = = = o o = o - - - - - -
32 30 20 S 433 - - - - = = = = - - - - _ _
33 30 20 D 604
35 35 4 S 347 - = = = = = = - B -
36 35 4 D 437 - - - = = = o = - - - - B -
39-1 35 10 S 393 = = = o - - - - - - _ _
39-2 35 10 D 513 - - = - - = o o - - - - - - - B
37 35 20 S 485 - - - = = = o - - - - - _ -
38 35 20 D 656
40 40 4 S 411 - - = = = o o - - -
41 40 4 D 502 - - - - - - - - - - - - - -
44-1 40 10 S 466 = = o o = - - - - - - -
44-2 40 10 D 586 - - - - - - - - - - - - - - - -
42 40 20 S 556 - - - = = = = = - - - - B -
43 40 20 D 727
45 45 4 S 466 - - - = = = o = - - -
46 45 4 D 557 - - - - - - - - - - - - - -
49-1 45 10 S 528 = = o o = - - - - - - -
49-2 45 10 D 648 - - - = = = o o = - - - - - B -
47 45 20 S 676 - - - - = s = 2 B - - - _ _
48 45 20 D 847
50 50 8 S 642 - = o = s = = - B B
51 50 8 D 750 - - = = = o o - - - - - - -
52 50 15 S 672 - - - - = s = . - - - - _ _
53 50 15 D 986 [2* | [ ]

*indicates the test was recommended based on critical behavior, i.e. occupant compartment deformation or OIV

- indicates simulation was not conducted.

I Recommended for full-scale crash testing
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Crash Test No. 1: 50-ft Tall Pole with Dual 15-ft Mast Arms under MASH Test Designation No.
3-61

As shown in Table 32, none of the simulations had an OIV above the MASH limit of 16
ft/s, though the 50-ft tall pole with dual 15-ft mast arms had the highest simulated OIV in the entire
matrix at 13.76 ft/s when impacted under MASH test designation no. 3-61 with a center impact
point at a 25-degree impact angle. As discussed in Section 3.3.2, the baseline simulation model
underpredicted the OIV by 35% at high speeds, suggesting potential for the OIV in a full-scale
crash test to exceed the 16 ft/s MASH limit. Note that the behavior of certain luminaire pole slip
base systems can vary widely, as discussed in Eligibility Letter LS-16 and Section 2.4, where
pendulum tests documented that changes in velocity could fluctuate by over 100% for the same
tested systems.

At least one high-speed crash test is required to determine whether the model can accurately
predict OIV for modern luminaire pole slip base systems. Additionally, since the 50-ft tall pole
with dual 15-ft mast arms had the highest OIV of all simulations, the entire matrix of pole
configurations could meet MASH safety criteria for OIV if this configuration passes the MASH
OIV requirement in a full-scale crash test. Note that further analysis of the breakaway forces of
the slip base would be necessary to determine whether the 0- or 25-degree orientation is critical
for OIV during high-speed impacts.

A similar pole configuration has been tested in the past as part of the USBLM test series,
discussed in Section 2.3.2, though there are some key differences, which include: (1) the
recommended pole thickness is 7 gauge, compared to 11 gauge in test no. USBLM-2; (2) the test
vehicle weight is 2,400 1b, compared to 1,750 1b in test no. USBLM-2; (3) the recommended pole
slip base is oriented at 25 degrees, compared to 0 degrees in the USBLM-2 crash test; and (4) the
recommended impact velocity is 62 mph, compared to 57.5 mph in test no. USBLM-2. These
differences are substantial enough to warrant this crash test. The simulated occupant compartment
deformation, which displayed no damage due to the lack of contact between the pole and vehicle
after initial impact, is shown in Figure 95.
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Figure 95. Occupant Compartment Deformation — 50-ft Tall Pole with Dual 15-ft Long Mast
Arm under MASH Test Designation No. 3-61, Center Impact Point and 25-degree Impact Angle

Crash Test No. 2: 50-ft Tall Pole with Dual 15-ft Mast Arms under MASH Test Designation No.
3-60

The 50-ft tall pole with dual 15-ft mast arms under MASH test designation no. 3-60 with
a center impact point and a 0-degree impact angle had the largest simulated roof crush, measuring
6.87 in. At least one low-speed crash test on a tall, heavy pole configuration is recommended to
evaluate vehicle roof crush for such poles.

This crash test may complement the first recommended crash test as both involve the same
pole configuration but are conducted at different speeds and angles. Conducting these tests
together would provide valuable insights into the vehicle and tall, heavy pole dynamics for
identical systems subjected to varying impact conditions.

The simulated roof crush is shown in Figure 96. An image of the critical state (i.e., pole
falling onto the vehicle, maximum roof crush) is shown in Figure 97.

160



December 18, 2025
MwRSF Report No. TRP-03-481-25

1100c Toyota Yaris (NCAC V02) o
Time = 3000 Relative Z-displacement

Contours of Relative Z-displacement 1.587e+01
min=-174.507, at node# 32581793 8.252e+00
max=15.8673, at node# 32584843 6.374e-01
-6.978e+00
-1.459e+01
-2.221e+01 _
-2.982e+01 _
-3.744e+01 _
-4.505e+01 _
-5.267e+01 _
-6.028e+01 _
-6.790e+01
-7.551e+01
-8.313e+01
-9.074e+01
-0.836e+01
-1.060e+02
-1.136e+02 _
1.212e+02
-1.288e+02
-1.364e+02
-1.440e+02

-1.517e+02

-1.593e+02

-1.669e+02

-1.745e+02 _|

f

Figure 96. Occupant Compartment Deformation - 50-ft Tall Pole with Dual 15-ft Long Mast
Arms Configuration under MASH Test Designation No. 3-60, Center Impact Point and 0-degree
Impact Angle
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Figure 97. Critical State - 50-ft Tall Pole with Dual 15-ft Long Mast Arms Configuration under
MASH Test Designation No. 3-60, Center Impact Point and 0-degree Impact Angle
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Crash Test No. 3: 30-ft Tall Pole with Single 20-ft Long Mast Arm under MASH Test Designation
No. 3-60

The 30-ft tall pole with a single 20-ft mast arm under MASH test designation no. 3-60 with
a center impact at 25 degrees had the highest simulated roof crush of all pole configurations,
measuring 8.40 in. This configuration is recommended for testing as the simulation highlighted
the critical behavior of how pole rotation can contribute to roof crush. Additionally, the pole
contact occurred at the vehicle roof directly under the pole configuration’s C.G., resulting in a
more vertical downward force compared to other configurations.

Note that a similar pole configuration has not been tested previously. The closest available
comparison is the 45-ft tall (later redesigned as 40-ft tall) single 15-ft mast arm configuration tested
in the 472360 series, which investigated an Arizona 3-bolt luminaire pole slip base system., as
discussed in Section 2.3.3. The simulated roof crush is shown in Figure 98. An image of the critical
state (i.e., pole falling onto the vehicle, maximum roof crush) is shown in Figure 99.
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Figure 98. Occupant Compartment Deformation - 30-ft Tall Pole with Single 20-ft Long Mast
Arm Configuration under MASH Test Designation No. 3-60, Center Impact Point and 25-degree
Impact Angle
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Figure 99. Critical State - 30-ft Tall Pole with Single 20-ft Long Mast Arm Configuration under
MASH Test Designation No. 3-60, Center Impact Point and 25-degree Impact Angle
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Crash Test No. 4: 20-ft Tall Pole with Single 10-ft Long Mast Arm under MASH Test Designation
No. 3-60

The 20-ft tall pole with a single 10-ft mast arm under MASH test designation no. 3-60 with
a center impact at 25 degrees had the highest simulated roof crush among the short pole
configurations, measuring 8.31 in. Similar to the third recommended crash test, this configuration
featured a single arm and the simulations for both configurations demonstrated similar behaviors,
including rotation about the pole’s vertical axis and impact on the vehicle roof near the
configuration’s C.G. Note that a similar pole configuration has not been tested previously.

The simulated roof crush is shown in Figure 100. An image of the critical state (i.e., pole
falling onto the vehicle, maximum roof crush) is shown in Figure 101.
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Figure 100. Occupant Compartment Deformation - 20-ft Tall Pole with Single 10-ft Long Mast
Arm under MASH Test Designation No. 3-60, Center Impact Point and 25-degree Impact Angle
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Figure 101. Critical State - 20-ft Tall Pole with Single 10-ft Long Mast Arm under MASH Test
Designation No. 3-60, Center Impact Point and 25-degree Impact Angle
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To more accurately determine the clamp force in the slip base during these crash tests, the
torquing of the bolts should be investigated. Since methods for determining bolt torque are often
questionable in accuracy, MwRSF researchers propose directly measuring the bolt tension in the
slip bolts. This approach would provide a more accurate determination of the clamping force in
the slip base.

5.2 Additional Pole Crash Test Recommendations

Following internal discussions of previous luminaire pole crash tests and the simulation
matrix results, MwRSF researchers recommend conducting additional testing, as detailed in the
following section.

As the objective of this research project emphasizes identifying critical configurations for
full-scale crash testing, MwRSF researchers have proposed alternatives to the previously
recommended crash tests. These alternatives include configurations that may have potential to
meet MASH criteria. These configurations fall within one of the “windows of opportunity,” as
discussed in Section 4.2.7. Conducting one or more crash tests on these configurations could
provide valuable insights into the model’s behavior. The additional recommendations, along with
the previously discussed recommended crash tests, are detailed in Table 44.
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Table 44. Additional Full-Scale Crash Test Recommendations — Steel Luminaire Poles with 4-Bolt Slip Base

Sim Pole Mast Arm Mast Total MASH 3-60 MASH 3-61 MASH 3-62
No' Height Length Config Weight Left 1/4 Center Right 1/4 Left 1/4 Center Right 1/4 Left 1/4 Center Right 1/4
) (ft) (ft) ) (Ib) 0 25 0 25 0 25 0 25 0 25 0 25 0 25 0 25 0 25
20 20 4 S 222 T T - = = = = = = - - B
21 20 4 D 312 - - il - - = = - - - - - - B B
22 20 10 S 261 - - = = = = - B B - R - _ _
23 20 10 D 381
30 30 4 S 300 il T - = = = o - - - B -
31 30 4 D 390 - - il i - - = = - - - - - - B B
34-1 30 10 S 349 - - - - - B B B _ - _ _
34-2 30 10 D 468 - = il - = = = = = 2 - - - - - B -
32 30 20 S 433 - - = - = = - - - B - - B B
33 30 20 D 604 il +
35 35 4 S 347 T t - = = = o - - - B B
36 35 4 D 437 - - T i - - - - - - - - - - - -
39-1 35 10 S 393 = - o o > - - - - - - -
39-2 35 10 D 513 = = T i - - E E E - - E X _ E E N N
37 35 20 S 485 - - i T = = = = = = = B - - B -
38 35 20 D 656
40 40 4 S 411 T T - = = = o = = - B -
41 40 4 D 502 - B + + - B § B - § B - - § B -
44-1 40 10 S 466 il T = o - - - B B R - - _ _
44-2 40 10 D 586 - - F F = = = o - - - B B - - - B _
42 40 20 S 556 = = i i - E E E _ N E E § - N -
43 40 20 D 727 il il
45 45 4 S 466 - T il - - - - - - - - - -
46 45 4 D 557 - - T T - - - - - - - - - - - -
49-1 45 10 S 528 + i = = - - - B B B - - _ _
49-2 45 10 D 648 - - = = = S - - - - - - - - B _
47 45 20 S 676 - - il F - - = = - - - - - - B B
48 45 20 D 847
50 50 8 S 642 - = = = o - - - B B
51 50 8 D 750 - - = > = - - - B - R _ _ -
52 50 15 S 672 - - - = = - o - - - - - - -
53 50 15 D 986 | 2¢ | 1= |

T indicates the test was selected based on potential to meet MASH criteria, i.e., configuration has 4-ft long mast arms or is in a “window of opportunity”
* indicates the test was selected based on critical behavior, i.e. occupant compartment deformation or OIV
- indicates simulation was not conducted.
B Recommended for full-scale crash testing
Additional recommendations with high potential to pass MASH
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6 SUMMARY AND CONCLUSIONS

This project began with the distribution of a survey to member state DOTs of the Midwest
Pooled Fund Program. The survey results showed that most responding state DOTs typically use
a single slip base design. While some states use only one luminaire pole configuration with their
slip base, others utilize a variety of pole configurations. According to the survey findings, the only
parameter of the slip base that is adjusted to accommodate the different pole configurations is the
slip (clamp) bolt torque.

A review of existing state DOT standard plans and drawings was conducted to understand
standard practices for luminaire pole slip base systems. A total of 11 states have drawings or
guidance related to luminaire pole slip bases. The slip base designs are either 3-bolt or 4-bolt
systems. For 3-bolt slip base systems, the bolt torque ranges between 90 ft-1b and 200 ft-1b, while
for 4-bolt systems, the bolt torque ranges from 70 ft-1b to 80 ft-1b. Generally, state DOTs do not
modify the dimensions of their slip bases when using different poles. Exceptions to this are found
in North Dakota’s current plan set and West Virginia’s 1994 plan set [17, 18]. Luminaire pole
configurations mounted on slip bases are typically subject to the following limitations: (1) pole
height cannot exceed 50 ft, (2) the number of mast arms is limited to one or two, (3) mast arm
lengths cannot exceed 20 ft, and (4) the total weight of the pole system cannot exceed 1,000 Ib.

Additionally, a review of previous full-scale crash tests was conducted. A total of 20 full-
scale crash tests have been completed by various testing agencies according to the requirements
outlined in NCHRP Report No. 230 [22], NCHRP Report No. 350 [23], or MASH [2]. A total of
nine crash tests failed the full-scale crash test evaluation. Of these, two failures were due to
structural inadequacy as defined in NCHRP Report No. 230, six were caused by excessive
occupant compartment deformation or intrusion, and one failure resulted from the non-activation
of the slip base. The failures due to excessive occupant compartment deformation or intrusion
occurred during low-speed impact tests, typically around 19 mph (e.g., the Arizona 3-bolt
luminaire pole system in crash test no. 472360-2). While some high-speed crash tests resulted in
the OIV nearing or exceeding the evaluation criteria limits (e.g., the Arizona 3-bolt luminaire pole
system in crash test no. 472360-1), none of the crash tests violated the MASH OIV limits.

A review of FHWA Eligibility Letter LS-16 showed that pendulum testing of identical 3-
bolt slip base luminaire pole systems, similar to the Caltrans Type 30 system, resulted in widely
varying OIV values, with discrepancies exceeding 100% in some cases [27]. Note that the clamp
force was estimated in the test series, which may have contributed to the observed variations in
performance. It cannot be confirmed whether similar variations in behavior occur with 4-bolt slip
base systems without conducting a series of tests comparable to those outlined in FHWA
Eligibility Letter LS-16. However, the behavior observed in the 3-bolt systems was considered
during the modeling and validation process.

A baseline simulation was developed using the USBLM test series to validate a slip-base
system model [5]. The system consisted of a 50-ft tall pole with dual 15-ft mast arms and a total
weight of 901 Ib mounted on a 4-bolt slip base. The crash test involved an 1,800-1b vehicle
impacting at a speed of 15 mph for the low-speed impact and 57.5 mph for the high-speed impact.
The low-speed impact simulation closely matched test no. USBLM-1, with similar OIV and pole
dynamics observed. In test no. USBLM-2, the simulation was unable to capture the pole base plate
catching on the front bumper of the vehicle, likely due to the vehicle model used, which affected
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the OIV and pole dynamics. However, the model did predict the change in velocity well before the
pole plate "catching" event occurred. Overall, the simulation successfully captured the pole
dynamics and anticipated vehicle damage in both crash tests.

The validated slip base model was then used to conduct a series of simulations for MASH
test designations nos. 3-60, 3-61, and 3-62, under a variety of impact conditions and for a range of
luminaire pole configurations. These simulations included: (1) pole heights ranging from 20 to 50
ft, (2) mast arm configurations with either single or dual arms, (3) mast arm lengths ranging from
4 to 20 ft, and (4) total weights ranging from approximately 200 to 1,000 1b. The results of the
simulations were post-processed and analyzed.

The results of the MASH test designation no. 3-62 simulations indicated that all pole
configurations had a high potential to meet MASH criteria, as there were no instances of occupant
compartment deformation or violations of the MASH OIV limit.

The results of the MASH test designation no. 3-61 simulations showed that all pole
configurations had a high potential to meet MASH criteria, as there were no instances of occupant
compartment deformation or violations of the OIV limit. However, the simulated OIV approached
the 16 ft/s MASH limit for poles weighing near 1,000 Ib (i.e., taller and heavier poles).

The results of the MASH test designation no. 3-60 simulations indicated that many pole
configurations had a low potential to meet MASH criteria, as roof crush exceeded the 4.0-in.
MASH limit. For each pole height (i.e., 20, 30, 35, 40, 45, and 50-ft tall poles), at least two pole
configurations failed to meet the MASH test designation no. 3-60 criteria when impacted at the
center impact point due to excessive roof crush. The simulation results led to the following
conclusions:

1) MASH test designation no. 3-62 is likely the least critical test designation, as all pole
configurations are expected to meet MASH criteria based on simulation results. OIV was
well below the limit, and there were no instances of occupant compartment deformation.

2) MASH test designation no. 3-61 may present an OIV issue for heavier poles (i.e., poles
weighing approximately 1,000 Ib), though no simulations resulted in OI'V exceeding the
limit, and there were no instances of occupant compartment deformation.

3) MASH test designation no. 3-60 is the most critical, as occupant compartment
deformation beyond the MASH limit occurred in center impact simulations for all pole
heights and various pole configurations.

4) Pole configurations with total weights between 450 and 600 1b generally have a
reasonable chance of passing MASH TL-3 testing, as all simulations that failed MASH
evaluation criteria can be considered marginal failures. The largest recorded occupant
compartment deformation for poles in this weight range was 4.73 in., and no simulations
exceeded the OIV limit.

Based on the simulation results, four full-scale crash tests are recommended for critical
pole configurations. These tests are expected to aid in further validation efforts, improving model
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accuracy, and evaluating the crashworthiness of slip base poles according to MASH TL-3 safety
criteria.

e Crash Test No. 1: MASH test designation no. 3-61 with a center impact point and a 25-
degree impact angle on a 50-ft tall pole with dual 15-ft long mast arms and a weight of
986 1b.

e (Crash Test No. 2: MASH test designation no. 3-60 with a center impact point and a 0-
degree impact angle on a 50-ft tall pole with dual 15-ft long mast arms and a weight of
986 1b.

e Crash Test No. 3: MASH test designation no. 3-60 with a center impact point and a 25-
degree impact angle on a 30-ft tall pole with a single 20-ft long mast arm and a weight
of 433 1b.

e Crash Test No. 4: MASH test designation no. 3-60 with a center impact point and a 25-
degree impact angle on a 20-ft tall pole with a single 10-ft long mast arm and a weight

of 261 1b.

December 2024 Update

At the conclusion of this phase, Phase I (December 2024), the details of recent TTI crash
tests on a 4-bolt slip base, conducted as part of the Roadside Safety Pooled Fund program, became
available [33]. This effort began with a literature review and a state survey to identify commonly
used designs for luminaire pole slip bases. Based on the findings from the literature review and
state survey, the TTI research team selected a configuration for full-scale crash testing. In this
effort, three full-scale crash tests were conducted on steel luminaire poles mounted on 4-bolt slip
bases under MASH test designation no. 3-60 (small car at a low speed).

TTI’s testing began with the heaviest pole, mast, and luminaire combination available. The
results of these tests led to subsequent tests with lighter designs. In test no. 618911-01-1, a 34-ft
9-in. pole with dual 15-ft long mast arms and a weight of 730 Ib was tested under MASH test
designation no. 3-60, as shown in Figure 102. This test failed MASH criteria due to excessive roof
crush (6.3 in. > 4.0-in. limit) and rear window penetration, as shown in Figure 103. In test no.
618911-01-2, a 24-ft 10-in. pole with dual 15-ft mast arms and a weight of 650 Ib was tested under
MASH test designation no. 3-60. This test also failed MASH criteria due to rear window
penetration. Both tests were conducted with a vehicle center impact point and 0-degree impact
angle, which was identified as the most critical impact condition for symmetric systems. In the
third test, test no. 618911-01-3, a 34-ft 9-in. pole with a single 15-ft mast arm and a weight of 560
Ib was tested under MASH test designation no. 3-60 and successfully met MASH safety criteria.
This third test was conducted with a vehicle quarter point impact to increase the likelihood of the
asymmetric test article rolling across the vehicle’s roof.

These results align with the simulation findings from Phase I of the current project, where
poles weighing between 450 to 600 1b were found likely to meet MASH criteria. The results of
TTT’s tests confirmed the need for further research on the crashworthiness of luminaire poles and
their support structures. These findings will be considered during Phase II crash testing for the
current project.
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Figure 102. (a) Luminaire Pole Prior to Testing, Test No. 618911-01-1, (b) Luminaire Pole Prior
to Testing, Test No. 618911-01-3, and (c) 4-Bolt Slip Base Support for Luminaire Poles [33]
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(b)

Figure 103. (a) Rear Impact Side of Test Vehicle after Test No. 618911-01-1, and (b) Rear of
Test Vehicle after Test No. 618911-01-2 [33]
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Phase II of this research project is recommended to focus on MASH TL-3 full-scale testing
to evaluate critical pole configurations and potentially identify slip base pole designs that may
meet MASH TL-3 criteria. These tests are also expected to support simulation model validation,
improve model accuracy, and assess the crashworthiness of slip base poles. Phase I simulations
suggested that pole configurations with total weights between 450 and 600 1b generally have a
higher likelihood of passing MASH TL-3. Considering the recent TTI tests (which showed failures
with poles heavier than 600 1b), the MwRSF-recommended Crash Test Nos. 1 and 2, which involve
50-ft tall poles weighing 986 1b (as listed above), with a low chance of passing MASH, may not
be the best candidates for testing in the initial run. At the beginning of Phase II, the updated
recommendations, including the associated risks of failure for each configuration, will be shared
with the Midwest Pooled Fund Program member state DOTs. State DOTs may prioritize crash
tests on the heaviest/tallest poles with a higher likelihood of passing MASH, such as a 40-ft tall
pole with dual 10-ft mast arms weighing 590 1b, under MASH test designation nos. 3-60 and 3-61.

It is recommended that a minimum of two full-scale tests be conducted in Phase II: one
MASH test designation no. 3-60 test (small car at a low speed) and one MASH test designation
no. 3-61 test (small car at a high speed) on a pole configuration within the relatively likely to pass
weight range (450 to 600 Ib). To increase the likelihood of the pole falling on the center of the
vehicle’s roof (which has the least stiffness) and maximize roof crush risk, symmetric poles with
dual mast arms are recommended, with a vehicle center impact point and a 0-degree impact angle.
The MASH test designation no. 3-60 test will evaluate roof crush concerns, while the MASH test
designation no. 3-61 test will address OIV concerns. Based on the results of the first crash test,
recommendations for the second test pole configuration will be provided.
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RPFP-21-POLE-1: Breakaway Luminaire Supports

{untitled)

1. The primary survey participant shall complete the following information:

Response:
Name: *
Position Title:
Organization: *
Department/Division:
Phone Mumber: *

Email Address: *

{untitled)

2. Please denote if your state uses luminaires supported by 3-bolt slip bases, 4-bolt slip bases,

both 3 and 4-bolt slip bases, or does not use slip base systems for breakaway luminaire poles. ®

 3-bolt slip base
r  4-bolt slip base
« Both

© MNone

Figure A-1. State DOT Survey — Page 1
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3. Please indicate the number of luminaire pole slip base configurations used by your state. Please
provide details for each system your state employs for luminaire poles. If you have more than three

systems, please contact the survey distributor to provide additional information. *

System 1: Please enter system name and estimate the frequency of use for currently installed Slip
Base Supporting Breakaway Luminaire Supports and upload pertinent desion details. *

System 1 Design Details

Allowed types: png. gif, jpg, jpeg. doc, xis, docx, xlsx, pdf, td. mov, mp3, mp4
May file size: 500 KB

System 2: Please enter system name and estimate the frequency of use for currently installedSlip
Base Supporting Breakaway Luminaire Supports and ypload pertinent design details. *

Figure A-2. State DOT Survey — Page 2
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System 2 Design Details

Allowed types: png. gif, jpg, jpeg. doc, xls, docx, xisx, pdf, ted. mov, mp3, mp4
Max file size: 500 KB

System 3: Please enter system name and estimate the freguency of use for currently installedSlip
Base Supporting Breakaway Luminaire Supports and ypload pertinent design details. *

System 3 Design Details

Allowed types: png. gif, jpg, jpeg. doc, xls, docx, xisx, pdf, ted. mov, mp3, mp4
Max file size: 500 KB

For each system, please estimate the percent of installed systems. The total MUST add up to
100%. *

System
1:
System
2:
System
3:

0 out of 100% Total

Figure A-3. State DOT Survey — Page 3
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4. Has your organization developed current practices and/or standard plans regarding the selection
and installation of Breakaway Luminaire Poles Supported by a Slip Base? This would include
guidance with respect to the range of luminaire pole configurations that your state uses with slip
bases and if and how the slip base system varies based on the luminaire pole configuration used. *

© Yes

~ Mo

If ¥ES, please provide pole design details (standard plans, special plans, efc.) supported by slip
bases, using the electronic document upload link.

Allowed types: png. gif, jpg. jpeg. doc, xis, docx, xlsx, pdf, td. mov, mp3, mp4
Max file size: 500 KB

Figure A-4. State DOT Survey — Page 4
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Please provide the following pole details if not included in the uploaded details/plans:

Pole material
Pole thickness

Pole height range

Pole diameter
range

Pole mass
range

Arm configuration (single or
dual)

Arm length range

Associated slip base design for different pole
configurations

Slip base foundation/base
details

5. Does your organization change the slip base configuration based on the luminaire pole design?

-

c Yes

c No

Figure A-5. State DOT Survey — Page 5
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If yes, please provide information deemed pertinent to those changes and/or upload related
guidance. *

Additional information can be provided using the electronic document upload link.
Allowed types: png. gif, jpg. jpeg. doc, xis, docx, xlsx, pdf, txt, mov, mp3, mp4
Max file size: 500 KB

Browse...

6. Does your organization have knowledge of safety concemns or performance issues with prior or
current Breakaway Luminaire Supports with 3- or 4-bolt Slip Basesidentified through in-service
performance evaluation, maintenance records, full-scale crash testing, or other means? *

c Yes

c No

Figure A-6. State DOT Survey — Page 6
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If yes. please provide pertinent information and details as it pertains to non-activation of the
breakaway mechanism, device penetration into the roof, windshield, and floor pan, or large
deformations to the occupant compartment in frontal and side-impact crashes. *

Additional information can be provided using the electronic document upload link.

Allowed types: png, gif, jpg, jpeg. doc, xls, docx. xlsx, pdf, txt. mov, mp3. mp4
Max file size: 500 KB

Browse...

7. Does your state allow additional attachments to slip base mounted luminaire poles? This would
include items like cell phone transmitters, wireless internet transmitters, solar power boxes,
cameras, or any other additional hardware mounted to the luminaire support outside of the mast
arm and light. *

c Yes

c No

Figure A-7. State DOT Survey — Page 7
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If yes, please list currently allowed attachments along with details regarding the attachment itself
and its location on the luminaire pole *

Additional information can be provided using the electronic document upload link.

Allowed types: png. gif, jpg. jpeg. doc, xls, docx, xisx, pdf, tet. mov, mp3, mp4
Max file size: 500 KB

Figure A-8. State DOT Survey — Page 8
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B. Please provide details on wiring standards used for slip base mounted luminaire poles.

What is the typical size and configuration of the wiring for the luminaire
pole?

Is there additional wiring for other attached hardware or devices? If so, please provide
details.

Does your state utilize/require breakaway wiring connections for slip base supported luminaire
poles? If so, please provide details on the breakaway wiring connector used.

Figure A-9. State DOT Survey — Page 9
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State Response::Organization:: The primary survey participant shall complete the following infarmation:

Flarida FOOT

Wizconsin WisOOT
Calitornia Caltrans
low a lowa OOT
Indiana IMDOT

South Carolina | South Carolina Dept. of Transportation
South Dakata | South Oakota OOT

llirais limoi= OOT

Mortk Caralina [NCODOT

Minnesota MrOOT

Mebraszka MOCOT

Mebraszka Mebrazka Dept. of Transportation
Mew Jersey MJOOT
Seargia A Department of Transportation

Figure A-10. State DOT Survey Responses
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Report for RPFP-21-POLE-1:
Breakaway Luminaire Supports

Response Counts

Completion Rate: oo
I

Complete
Totals: 14
Figure A-11. State DOT Survey Results — Page 1
1. The primary survey participant shall complete the following
information:
Response: Responses
Name:
Count 14
Row %
Position Title:
Count 11
Row %
Organization:
Count 14
Row %
Department/Division:
Count 11
Row %
Phone Mumber:
Count 14
Row %
Email Address:
Count 14
Row %
Totals 14
100.0%

Figure A-12. State DOT Survey Results — Page 2
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2. Please denote if your state uses luminaires supported by 3-bolt slip
bases, 4-bolt slip bases, both 3 and 4-bolt slip bases, or does not use
slip base systems for breakaway luminaire poles.

14% 3-balt slip base

14% 4-balt slip base
T1% Mone
Value Percent Responses
3-bolt slip base [ 14.3% 2
4-bolt slip base [ 14.3% 2
None [ ] 71.4% 10
Totals: 14

Figure A-13. State DOT Survey Results — Page 3
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3. Please indicate the number of luminaire pole slip base configurations
used by your state. Please provide details for each system your state
employs for luminaire poles. If you have more than three systems,
please contact the survey distributor to provide additional infoermation.

Value Percent Responses
1 I 75.0% 3
3 [ 25.0% 1

Totals: 4

Figure A-14. State DOT Survey Results — Page 4
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4, System 1: Please enter system name and estimate the frequency of
use for currently installed Slip Base Supporting Breakaway Luminaire
Supports and upload pertinent design details.

ResponselD Response

20 Type 15-5B. Mote that there are 5 arm lengths available. Also note CCTV,
vehicle detection systems, and roadside signs are sometimes added to the
poles. Clamp bolt tightening torgue 150 ft-lb.

31 Valmont Millerbernd

9 Ilinois uses generic breakaway couplings. The contractor submits a
breakaway coupling manufacturer to our inspectors on a job by job basis,
and they accept the coupling based on crash test certification.

56 For poles that are on square bases, the bolts are attached at each corner of

the base. In the rare case of a round base, we use 3 or 4 bolts depending on
the size of the pole.

Figure A-15. State DOT Survey Results — Page 5
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COVER DETAIL TL TIP TENON
This detail supersed
TAMPER RESISTANT HANDHOLE COVER pefiiesdotall superaedes DETAIL TS
DETAIL B
WELD WALL
T L POLE OR SIZE  THICKNESS
“| [TATCRRESS < (

MAST ARM — Vit 0.1198"

" 0.1733"

WHEN POLE THICKNESS IS o ga3gqh

7 LESS THAN %7, USE %o SEE DETAIL F__ i 0.2391

] | FOR WELD SIZE CALCULATIONS " 0.1zt

1.57T E -

Min - e" 0.1198"

DETAIL F e

Fatigue stant weld /A 0-2391

at socket type connection 500 g.31zs

Ses Elsvation A for inner wel ELEVATION A e

NOTES:

o

©

. Provide o Hex nut,

. Hondhales

. Detail F, fatigue resistant weld,

. Desig

1. Moterials

leveling nut and 2 washers for eoch bolt.
Luminaire ma-;+ arms fhm\ be round hmereﬂ steel tubes, taper of 0,1375"
3" ob mounting hardware.
be used at fhe
luminaires are

pipe and 7 \ung
wnen \nw pressure s

option of the manufoctarer
required, the extension shall be

Signal mast arms shall be round, topered steel tubes, moximum toper
0.143-inch per foot.

1

. Handhole reinforcement ring shall be 4" x 2" for 0.1198" to

0.2321" thick poles, %" x 2" for 0.3125" +o 5" thick poles.

o

shall be located on the downstream side of troffic.

is required ot socket welded signal

nost arm plote and pole base plate.

screws snall be tightened by the i

Ca -of-nut method Y3 turn
from a snug tight condi

on. Ko washer will be required.

Outside diometer, woll thickness, and 'urrebpcrvd\ g section properties
of palas and mast arms as snown [0 the Stan Plans are minimums,
unles nerwise specified, alternative secti cms shall require cpproval by
the EIQ\[E“r

ard specifications for Structural Su
Luminaires, and Traffic Signals, 6th Edition.
seconds gust].

15.6 mpn.

Highway
Basi

Materials (Structural steel):
55,000 psi (tapered steel tube and anchor bolts)
0,000 psi {unless otherwise noted)

{Reinforced ~nnrr?+p}.

m,m"ﬂ pu.

STATE OF CALIFORNIA
DEPARTMENT OF TRANSPORTATION

ELECTRICAL SYSTEMS
(SIGNAL AND LIGHTING STANDARD,
DETAIL No. 1)

NO SCALE

W.-S3 NV1d AHVYANVY1S slLoe

[ ES-TM |
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125

—SAFETY STOP-/4" 8 Galv Hex
HEAD BOLT, NUT &ND LOCK

INSTALL THRU CHANNEL

/TC-I" OF SIGN LEVEL /
/

»
WASHER. TI&

DUAL PHOTOELECTRIC UNIT MOUNTING DETAIL

PHOTOELECTRIC UNIT

7LUE IF r\cT JSEB,

SIGNAL SLIP FITTER —

UNIT

”
PL

FoRT_wILES

SREET] T
SHEETS|

May 31, 2018
RN R T —
£ S7A 'f r-f 'w/rmvk o ’/< FFICERS

PHOTOELECTRIC UNIT.

3% NPS PIPE
2)/3" LONG

A" B WITH 2" ¢ HOLE

ALTERNATIVE
MOUNTING ADAPTER
DETAIL B-3

4 NPS PIPE, 5" LONG

'fa" PLATE WITH 2" &
HOLE. WELD TO TOP OF STANDARD.

——TYPE 31 DR 32 STANDARD,
d SIGNAL AND LIGHTING
STANDARD OR OTHER POST,
THE TOP OF WHICH HAS
AN OD LARGER THAN 4

4 NPS STANDARD PIPE

DETAIL C-1

PHOTOELECTRIC UNIT
FOR LIGHTING
(PLUG IF MOT USED)

—— ¥, NPS "LB"
CONDULT FITTING

N.Z-S3 NV1d QUVANVLS 8loe

V2 WPS TO ¥4 NPS REDUCER

TYPE 15, 150, 21, 210, 30 OR
1-B STANDARD

—
DETAIL C-2

ELE

(SIGNAL AND LIGHTING STANDARD,

|
I / . |
g g N H
I=h SIGNAL MAST ARM T
i— g 0 , J
N CE Sy Wi ok whsre
CAP SCREW Wi HAS| PROVIDE REMOVABLE PHOTCELECTRIC
[ SIGN PANEL e .
o1 465 x 0.108" colv PIPE LA RADL TIGHT CaP, UNLESS —L
* ' @ Ga A ) =
_g - - ﬂ:cf l:;';‘}iI,E:ex HEAD BOLT, MUT 480 _ _ INDICATED ON PLANS ‘ ‘
: ; d  mox ! N
; e ™ Yo T
|
N vox ™
SIGN WEIGHT
44 1b fe—— 13" x 134" x 0.105" CONTIN
01 7core STEEL R ALUMINOY CHANNEL—] —
lo| %" & Golv BOLT, NUT AND L MOUNTING ADAPTER FOR
FIBER WASHER STANDARD TOP PHOTOELECTRIC UNIT
an | DETAIL B-1 DETAIL B-2
3'-9" Mox
' i
REAR VIEW SIDE VIEW POLE TOP DETAILS
DETAIL B
SIGN MOUNTING DETAILS
DETAIL U . .
VERTICAL BARS SEE DETALL 1 CIOH — e »ta‘n; v
SEE TABLE SPIRAL . CIDH REINFORCING AND
- ANCHOR oo /8" Min INSPECTICN TUBE SCHEDULE
PIPE CLaWP FLATE—~._ 4 - INSPECTION TUBE CIDH VERTICAL SPIRAL | INSPECTION
ANCHOR Sk I\SIDE DIAVETES = 2 G Min DIAVETER BARS i TUBE
2 BOLT—'K?' 1 frblhD PERTMETER— 4" Max z ] A z
J/’\—sn RAL " f . n ’ 2.5 TF 0% *aTe
= SEE TABLE 3" clr Min 5" Min Typ 3 ft 12-#7 45 AT 6 a*
CHANNEL—o] PERMANENT \ 3.5 1t 14-#0 - ] FOR ILLIMINATED
DIAMETER KE;EQ;EEM a Tt 18-#3 74 AT 1 5
SLATE 4.5 Tt 18-#9 2-#5 AT 7 5
SECTION A-A SECTION B-B - 5 ft 22-%10 235 AT 1 3
AKCHOR BOLT i 6 1 26wl | w6 AT 7 7
POLE VERTICAL BARS, SPACE EVENLY /J i * FOR SLIP BASE VERSIONS WITH 3 ANCHOR BOLTS TOP MOUNTING
== AROUND REMAINING PERIMETER SPACE USE 3 INSPECTION TUBES.
FINISHED GRADE "
)LA . * INSPECTION TUBE PLACEMENT AL
— B
DETAIL |
. . STEEL SLEEVE
ANCHOR PLATE STEEL SLEEVE [
= AT EACH WELDED
=G 5 JOINT ———— . cuP
5 Lo - G
= .
9 3 Yo" x 3"
i FOR POLES TO BE INSTALLED ON EXISTING FCUNDATION: : BACKUP RING
Verify bolt circles, anchor bolt sizes ond dependent . -
i aimensions for poles +o be Installed on existing
ELEVATION foundetions before fabricoting the poles. FOR UNIFORM TUBE THICKNESS AT TUBE THICKNESS CHANGE
AR DETAIL T-1 DETAIL T-2
CAST-IN-DRILLED-HOLE PILE FOUNDATION,
REINFORCED PILE POLE SPLICES
DETAIL A DETAIL T

DETAIL C

STATE OF CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CTRICAL SYSTEMS
ETAIL No. 2)

NO SCALE

[ ES-7TN |
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POLE WALL

CJP,

REINFORCING
FILLET = +

BACKING RING
I/e" THICK 2" WIDE

BACKGOUGE
cJe

REINFORCING
FILLET = ¢ 7—:1

DETAIL B

825

SEE DETAIL B

I V7717707777
) Y //ﬂ}

[ /4" THICK BACKING RING
SEAL JOINT WITH CAULKING
AFTER GALVANIZING

BASE PLATE

ELEVATION B

A
—CENTRAL HOLE IN BASE PLATE
DIAMETER = FOLE INSIDE DIAMETER - 2"

DETAIL C1

SEE DETAIL C1

0.29" ’»

ES-TM
Det F
T=1¥

PLATE

DETAIL C2

¥" EXTERNAL COLLAR (CONTINUOUS)
SEE DETAIL C3 FOR SPLICE

DASE PLATE

L cenrraL HoLe
IN BASE PLATE
DIAMETER = 124"

ELEVATION C

For alternative base, see Detail €4

FOST WILET,
ToTal eROJECT

7 Ao
REGISTRRED CIVIL ENGINEER +
-3“‘“

Moy 31, 2018
FLaNs APPRovAL DATE |

pis+] county | moute TrEET

SN BACKGOUGE
A CcJP

: X i

N
! (=4
-
-]
DETAIL C3 »
-
>
=
=
te >
MAKE BOTTOM SECTION POLE WALL ﬁ E]

THICKNESS TNICE THE THICKNESS
OTHERWISE REQUIRED o
N o
-
>
%" THICK =

" BACKING

X RING m
cop o
[
F ~
REINFORCING - h = le

FILLET = n—k,_‘F |

7 7
/] / '/ //
/ / /
'/ /Y, ,

L—CENTRAL HOLE
IN BASE PLATE
DIAMETER = 124"

DETAIL C4

STATE OF CALIFORNIA
DEFARTMENT OF TRANSPORTATION

ELECTRICAL SYSTEMS
(SIGNAL AND LIGHTING STANDARD,
DETAIL No. 3)

NO SCALE

ES-70
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661

Fuse ratings shall be as noted obove.

2. See Standard Plan ES-15D, Type SC3 comtrol.

RATIN

FRONT WIEW

NN|

CONTINUE KINK TO AT
LEAST 30° POSITION AS
INDICATED IN STEP 2.

SIDE WIEW FRONT VIEW

STEP 1

STEP 2

SkS

MAKE TICHT KINK IN EACH SLACK IN
CONDUCTOR AT OR SOMEWHERE CONDUCTORS
BELOW SHEAR PLANE — REMOVED

-

BONDING BUSHING
REQUIRED —

\
/

BONDING STRAP — I \— WRAPPED AND SECURED COMDUCTCRS 4 TIMES

AROUND PROJECTING END OF CONDUIT,
THEM CONTINUE TO FUSED SPLICE CONNECTOR

KINKING DETAIL FOR

SLIP BASE STANDARDS
DETAIL A

FUSE CURRENT RATING
. FUSE INDUCTION SINGLE PHASE (TWG WIRE}
A FUSE " \ PRESS o ; s . INoueTIOl SE (
CIRCUIT |y age | HPS LAMP BALLAST LOW PRESSURE SODIUM BALLAST | S1GK LIGHTING |TRANSFORVERS (PRIMARYT SIDE)
VOLTAGE| RATING
00w 00 W 180 W 85w 1 KWA 2 RV 3 KVA
120 v | 250 ¥ 5 A 5 A A 5 A 10 A 20 30 A
240 v | 250 ¥ 5 A 5 A 5 A 5 A 6 A 10 20 &
480 V | 500-600 V E 5 A 3 A 1see NOYE 21 3 A 6 10 &
NOTES:
1. Primory lines of multiple ballosts shall be provided with fused connectors.

PHASE
(1 70 8)

INPUT FILE

(170 J)

SLOT NUMBER [N INPUT FILE
(1 10 9}

LOCATION IN SLOT
(U=UFFER, L=LOWER)

<@if (T4l &
END OF DETECTCR /‘:k%ﬂhﬂ&

LEAD-IN CABLE

CIRCUIT
ﬁ PHASE
=< afn=]
END OF PEDESTRIAN - LS

SIGNAL CONDUCTOR —-

T PHASE 4
PEDESTRIAN PUSH BUTTON CIRCUIT

BAND
st-1] ;
e oF sign oS
LIGHTING CONDUCTOR

YPICAL BANDING DETAILS
DETAIL B

DEPARTMENT OF TRANSPORTATION

Moy 31, 2018
FLANS APPROVAL DATE
T STATE OF CA15rOmWE OR JT3 GFTICERS
00" acenrs St o i RESEONSHLE 08
o0 accusar o6 CowLETERSS O ScANRED
cories o a3 rian She .

8€1-5S3 NV1d QUVANVLS 8102

STATE OF CALIFORMIA

ELECTRICAL SYSTEMS
(FUSE RATING, KINKING AND
BANDING DETAIL)

NO SCALE

ES-13B

STy
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00¢

and pale
rnlnlm

matching wire at th

Wire clath wrapped arc
couplings betwaan foundation
and pale base. Provide 6 (150}
minimum averlap and wire-

Wire clath wrapped around
couplings betwaen foundation

matching wire at three locations
at each end of averla

ab each end of averlap.

Wiasher,

Washer.

Hex nut with washer.

Light pole base.

—— Breakaway coupling.

Concrete

/ foundation.

BREAKAWAY COUPLINGS ON CONCRETE
FOUNDATION FOR STEEL LIGHT POLE

IProvide pole base skir

around wire cloth whe

Seal all gaps between

4 prmer ba:
and cos = fou

Hex nut with washer,

Light pale base.

Washer.
——— Breakaway coupling.
wa:
L) am
= =
= Hese nut with
= lnck washer.
Metal foundation. /

Stud bolt.

BREAKAWAY COUPLINGS ON METAL
FOUNDATION FOR STEEL POLE

iProvide pole Dase skift around wire Cloth when required. |

@ Tlincls Departmant of Transportation

[ e

TRRITIEER T% PHELFARANT TTF

oanss

/

—

EEF]

base,

Light pole:
handhale.

1 (251 hax head
bolt with washer,
Hex head covers
required but not
showm,

Pole base,

2% (700 0.0, x ¥ (13)
thick flat. washer

Hex nut.

Anchor
rod,

Hex nut.

B4 (70 00 x ¥ 113)
thick flat washer

iSteel pole shown)

crete
Toundatlan.
a - At as T a - P
q ﬁ.ﬂ .4 < . Q.q . Q-q .
L. a S LA LA . oA
ran Fat Fal al Fal
BREAKAWAY TRANSFORMER BASE FOR
STEEL OR ALUMINUM POLE

See Sheet 2 for GENERAL NOTES.

DATE REVISIONS

1-1-18 | Revised to show rodent
shield jnstallation for
aluminum poles.

1-1-14 Mew Standard.

BREAKAWAY DEVICES

{Sheet 1 of 2}

STANDARD 838001-01
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10¢

together with st
steel wire.

— =

AN

Wire clath.

nin cast

base. depending
on the manufacturer.

VIEW B-B

/ Light pale shaft

Aluminum nut cover.

/—See VIEW A-A.

Lightpole base,

h wrapped around
away couplings. Breakaway
coupling Installation same as

for steel pole.

Concrete o metal foundatlion
{eoncrate shownl.

@ Hliris

Department of Transportation

PASSED

T PRECRA A ETRETATRG

2018

Z1T1 Canss

BREAKAWAY COUPLINGS FOR
ALUMINUM POLES

IProvide pole base skirt around wire doth when required.)

of pole

/ Light pole base,

VIEW A-A

\~ Wire clath,

GENERAL NOTES

See light pole standard for detajls not shown.

Use largest transformer base bolt clrcle possible.

Transformer bases shall not be Installed on
| feandatlons.

Washers on top of pole base shall cover the
entjre balt slat.

See Standard 836001 for Ught Pole Foundatlon.
wire cloth shall be stalnless steel, have %I

opening of ¥ (
of AWG No. 16 |

1 have a minim

All dimenslons are In Inches [milllmeter:
otherwlse shawn.

BREAKAWAY DEVICES

iSheet 2 of 2)

STANDARD 838001-01
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December 18, 2025
MwRSF Report No. TRP-03-481-25

B. System 2: Please enter system name and estimate the frequency of
use for currently installed Slip Base Supporting Breakaway Luminaire
Supports and upload pertinent design details.

ResponselD Response

Type 30. Note that there are 5 arm lengths available. Also note CCTV,
wvehicle detection systems, and roadside signs are sometimes added to the

poles. Clamp bolt tightening torgue 150 ft-lb.

20

Figure A-24. State DOT Survey Results — Page 7
7. System 2 Design DetailsAllowed types: pna, gif, jpa, jpeg, doc, xls,

docx, xlsx, pdf, txt, mov, mp3, mpd Max file size: 500 KB
1 File Uploaded

Attachments on page 8 (excluding sheet ES-6F ) are identical to attachments found on page 6

Figure A-25. State DOT Survey Results — Page 8
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218

LUMINAIRE MAST ARM DATA
PROJECTED . MINIMUM MOUNTING
THICKNESS| 0 4T pOLE | HEIGHT
EVON 36°-9"
3"
¥ 10°-0" | 0.1196" T
¥ 120 3%
* 15°-0" 4"
** 20°-0" 0.1793" 5"
#* TYPE 30
*% TYPE 31

PROJECTED LENGTH GOF
LUMINAIRE MAST ARM

15'-0" UNLESS OTHERWISE MOTED
TYPE 30

.

25" ¥a" MAST ARM PLATE

PROVIDE REMOVABLE —|
RAIN TIGHT CAP

FOR TYPE 30, SEE DETAIL A

T
FOR TYPE 31, SEE DETAIL

S
LUMIMAIRE MAST ARM,
SEE TABLE

ELEVATION A

o
-
w =
a =e
2 P
[~ ale
w Tl
@ I
= =
g A=
ES 25
Z GE
= DETAIL C—, 4
3 N
= SLIP BASE £ — \
TN \ T
[Es-M\ <
et 8/ =
g a -
=
=
5
oy
)
fEs )
&

— BAR e x Va x 0'-5"

%" - 11INC - 1%" LONG
HS CAP SCREWS, TOTAL 3
TAP FOLE PLATE
F—
Wt 5
2%" @ HOLE, WS =]
CHASED EDGES FOR ) W3
ELECTRICAL CONDUCTORS .
r 1" POLE PLATE
FRONT VIEW & PoLe - SIDE VIEW
IYPE 30
DETAIL A
B 5 [ POLE
PROVIDE_ REMOVASLE et y oot
RAIN TIGHT CAP ‘\_f FOLE 1vwast amw pLate |0 | B 24 B x0T

Fa"-TONC-215" LONG
HS caP SCREWS, TOTAL 4
TAP POLE PLATE

2%" ¢ HOLE,
CHASED EDGES FCR
ELECTRICAL CONCUCTORS —~

B9V x 1" x 94—

FRONT VIEW

14" POLE PLATE

TYPE 31

DETAIL B

HANDHOLE,
SEE NOTE 4

DETAIL C

SIDE VIEW

NOTES:

1.
2.

.For Type 31 fixed

ore] conTr | Roue | rora havEns [ [k

TOTAL PROJECT SHEETS

7 £
REGISTEBED CIVIL ENGINEER %“
s

Moy 31, 2018
PLaNs APPROVAL DATE

e 4CE
oeiis e s ALAN SHEE

For slip base plate detalls, see Standard Plan ES-6F.
For Type 30 fixed base use Type
and fapnaation s

Use 174" Di

15 base plate
opn on standard Plan ES—6A,
a x 3'-8" anchor bolts.

rchor bol s
Plan ES-gG.

base use Type 32 buse plate,
foundotion on Standord

4. Handhole shall be located on the downstream side N
T “affic. °
5. For additional notes ond detoils, see Standard -
Plans ES-TM and ES-7N. -]
w
-
>
= g
o
1 »
\ x
METAL SLEEVE AT o
EACH WELD JOINT
POLE SPLICE -
DETAIL D >
4
m
(7]
|
o
m
POLE DATA CIDH PILE
OLE % Win o wa | FOUNDATION
MEICHT|  BASE [ TOP |THICKNESS| Dia | DEPTH
Y | 3% 0.1196" |2’ 7-0"
0¥ | 5" 0.1783" |3 & -o"

STATE OF CALIFORNIA
DEPARTMENT CF TRANSPORTATION

ELECTRICAL SYSTEMS
(LIGHTING STANDARD,
TYPES 30 AND 31)

NO SCALE
ES-6E
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December 18, 2025
MwRSF Report No. TRP-03-481-25

B. System 3: Please enter system name and estimate the frequency of
use for currently installed Slip Base Supporting Breakaway Luminaire
Supports and upload pertinent design details.

ResponselD Response

20 Type 31. Note that there is only one arm length available. Also note CCTV,
vehicle detection systems, and roadside signs are sometimes added to the
poles. Clamp bolt tightening torque 200 ft-lb.

Figure A-27. State DOT Survey Results — Page 9

9. System 3 Design DetailsAllowed types: png, gif, jpg, jpeg, doc, ®ls,
docx, xlsx, pdf, txt, mov, mp3, mpd Max file size: 500 KB

1 File Uploaded

Attachments on page 10 are identical to attachments found on page 8

Figure A-28. State DOT Survey Results — Page 10

10. For each system, please estimate the percent of installed
systems. The total MUST add up to 100%.

Item Average
System 1: 76.0
Systemn 2: 375
Systam 3: 10.5

Min Max StdDev Sum
4.0 100.0 41.6 304.0
0.0 75.0 375 75.0
0.0 210 105 210

Figure A-29. State DOT Survey Results — Page 11
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December 18, 2025
MwRSF Report No. TRP-03-481-25

11. Has your organization developed current practices and/or standard
plans regarding the selection and installation of Breakaway Luminaire
Poles Supported by a Slip Base? This would include guidance with
respect to the range of luminaire pole configurations that your state
uses with slip bases and if and how the slip base system varies based
on the luminaire pole configuration used.

Value Percent Responses
Yes [ | 14.3% 2
Mo I 85.7% 12

Totals: 14

Figure A-30. State DOT Survey Results — Page 12

12, IFYES, please provide pole design details (standard plans, special
plans, etc.)) supported by slip bases, using the electronic document
upload link.Allowed types: pna, gif, jpg, ipeqg, doc, xls, docx, xlsx, pdf, txt,

mov, mp3, mpd Max file size: 500 KB
2 Files Uploaded

Figure A-31. State DOT Survey Results — Page 13
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December 18, 2025
MwRSF Report No. TRP-03-481-25

Illinois Department of Transportation

Information below extracted fromthe Standard Specdfications for Road and Bridge Construction

FOLES AND TOWERS

SECTION 830, LIGHT POLES

830.01 Description. This work shall consist of furnishing and installing a light
pole complete with an arm(s), when specified, and all hardware and accessories

required for the intended temporary or permanent use of the pole.

830.02 Materials. Materials shall be according to the following.

Item Article/Section

(8} Light POIES oo e 1069.01-1068.05
(b) Mounting Pad ... LOB2.OT
() Pole/Unit Identification ... e e LOBS 06

CONSTRUCTION REQUIREMENT S

£30.03 Installation. The light pole shall be set plumb on the foundation

without the use of shims, or washers for leveling. On bridge parapet walls, a vibration
mounting pad shall be installed between the foundation leveling plate and the light
paole.

The handhole shallbe located such that workers accessing the handhole shall

face oncoming traffic directhy or located on the back side of the pole facing the
roadway. On bridge parapet walls, the access handhole shall be oriented facing the
roadway. On center median barrier walls, all access handholes shall be oriented to
the one side with the least traffic flow.

Arms shall be set at right angles tothe centerline of the pavement. Poles shall

not be left in place without arm(s) and luminaire(s).

The Contractor shall be responsible for furnishing pole mounting equipment that

is of adequate strength and compatible for the pole it supports. This shallinclude, but

Figure A-32. State DOT Survey Results — Page 13 — Illinois DOT Attachments
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December 18, 2025
MwRSF Report No. TRP-03-481-25

nat be limited to, the foundation, breakaway device (when specified), anchor rods,
and hardware.

Lighting unit identification numbers shall be installed before the lighting unit is
energized.

(a) Foundation Mounted Poles. The Contractor shall aveid contact of dissimilar
metals in erecting the pole on its foundation and/or breakaway device. Any
concern of trapped moisture or potential corrosion cell shall be resolved to
the satisfaction of the Engineer.

(b) Direct Embed Fiberglass Pole. The depth of a direct embed fiberglass pole
in the ground shall not be less thanten percent of the pole length plus 2 ft
(600 mm) with a minimum of 6 ft (1.8 m). Direct embed poles shallbe raked

1 ft (300 mm). Care shall be taken to get the shear plane of the pole at
groundline for breakaway poles. Backfill shall be tamped and compacted
around the pole in 6 in. (150 mm) lifts.

(c) Wood Pole. Poles shall be stored and handled according to ANSI 05.1.

The depth of the pole in the ground shall not be lessthanten percent of the
pole length plus 2 ft (600 mm) with a minimum of & ft (1.8 m). The poles

shall be raked 1 ft (300 mm). Backfill shall be tamped and compacted

around the pole in 6 in. (150 mm) lifts.

Pale guying shall be provided where indicated on the plans, at every dead

end pole, and at any pole having non-offsetting cable support stresses.

830.04 Temporary Installation. Wood poles used for a temporary lighting

installation may be previously used poles as approved by the Engineer. The poles
shall be in good condition and shall be according to the applicable ANSI requirements
for sweep, crook, defects, and mechanical damage. Poles deemed unacceptable by

the Engineer shall be removed from the jobsite.

830.05 Basis of Payment. Wood poles will be paid for at the contract unit

Figure A-33. State DOT Survey Results — Page 13 — Illinois DOT Attachments, Cont.
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December 18, 2025
MwRSF Report No. TRP-03-481-25

price per each for LIGHT POLE, WOOD, of the length, class and arm (quantity and
length) type specified.

All other light poles will be paid for at the contract unit price per each for LIGHT

POLE, of the material type, mounting height, and arm (guantity and length) type

specified.

When breakaway devices are specified, the devices will be measured and paid

for separately according to Articles 838.04and 838.05.

FOUNDATIONS AND EREAKAWAY DEVICES
SECTION 236. POLE FOUNDATION
836.01 Description. This work shall consist of constructing or furnishing and

installing a light pole foundation.

836.02 Materials. Materials shall be according to the following.

Item Article/Section

(@) Portland Cement Concrete o . 1020
(B) Anchor Rods e e LOT0LO2
() Light Pole Foundation, Metal ... 1070001
(d) Fine Aggregate . oo e e e 003,04

CONSTRUCTION REQUIREMENT S

£36.03 Installation. Foundations installed within the clear zone (unless

behind guardrail) shall not protrude more than 4 in. (100 mm) above the finis hed
grade withina 5 ft (1.5 m) chord across the foundation, with anchor rods and
breakaway device included. Iffoundation heights, including anchor rods and
fractured breakaway device extend beyond these specified limits, the foundation shall
be replaced.

(a) Drilled shaft Foundations. Drilled shaft foundations shall be constructed

according to Section 516 and the following.
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The submittal requirements as stated in Article 516.04 shall not apply and
the entire length of the drilled shaft shall be vibrated.

Grounding electrodes shall be according to Section 806,

The racewayand full length anchor rods shall be properly positioned and
securedin the augered hole prior to placing the concrete. The bend radius
of the anchor rods shall be at least four times the rod diameter.

The wiring window shall be perpendicular to the roadway. After installation
of cable, voids within the wiring window shall be filled with fine aggregate.
The top of the foundation shall be constructed level. A liner or form shall be
used to produce a uniform smooth side to the top of the foundation. The
depth of the form shall be as shown on the plans.

The foundation form shall remain undisturbed for at least 24 hours afterthe
concrete has been poured.

Concrete shallbe cured before poles areinstalled.

When obstructions are encountered, the Contractor shall request to relocate
the foundation. Any abandoned holes shall be backfilled to the satisfaction
of the Engineer.

When rock is encountered, the foundation depth may be reduced & in.

(150 mm) for every 12 in. (300 mm) of embedment in rock. The minimum
depth of any foundation shall be 4.5 (1.4 m).

When the foundation depth is reduced to less than specified, the anchor
rods shallbe cut, threaded, and a steel plate of the diameter shown on the
plans shall be installed on the bottom of the anchor rods 6 in. (150 mm)
above the bottom of the excavated hole with 1in. {25 mm) nuts.

(b} Metal Foundations. The metal foundation shall be installed with its axis
plumb. The light pole shall be installed plumb without the use of shims,
grout, or other leveling devices.

Any voids within the metal screw-in foundation shall be filled with fine

aggregate.
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Wiring windows shall be oriented to be parallel to the roadway unless
otherwise directed by the Engineerto achieve alignment with grade or to
minimize bends in the feeder wiring into the foundation.

The Contractor shall use a torque indicating device to install metal
foundations. A shear pin indicator or other Engineer approved method shall
be used to ensurethe foundation is installed properly. A metal foundation
shall not be installedto a torque which exceeds the manufacturer’'s
maximum torque rating nor shall it be installed to an installation torque value
of less than 3,500 ftIb {5,000 N m). Metal foundations that are not installed
to full installation depth or do not achieve the minimum installation torque
shall be removed and replaced with a concrete foundation at no additional
costto the Department.

Oiriven grounding electrodes will not be required when metal foundations are

specified.

236.04 Method of Measurement. Concrete foundations will be measured for
payment in feet (meters)in place. The length measured will be limited to that shown
on the plans or authorized by the Engineer. Any offsets in the foundation will be
measured along the vertical and horizontal centerlines of the foundation without
overlap.

Relocation of a foundation due to an obstruction and any shaft excavation to that
point will not be measured for payment.

Excavation in rock will be measured for payment according to Article 502.12.

#36.05 Basis of Payment. Concrete foundations will be paid for at the

contract unit price per foot (meter) for LIGHT POLE FOUNDATION, of the diameter
specified.

Metal foundations will be paid for atthe contract unit price per each for LIGHT

POLE FOUNDATION, METAL, of the balt circle, diameter, and length specified.
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Excavationin rock will be paid for according to Article 502.13.

SECTION 838. BREAKAWAY DEVICES

£38.01 Description. This work shall consist of furnishing and installinga
breakaway device on a pole foundation.

83802 Materials. Materials shall be according to the following.

Item Article/Section

(@) Breakaway DeVICES e e e 1OT0L04

CONSTRUCTION REQUIREMENT S

£38.03 Installation. All entryway points created by the use of breakaway

devices shall be permansntly and completely sealed against rodent entry. This
includes the pole base plate and foundation plate openings, elongated holes for
anchor rods, the opening below the pole base plate, and the wiring windows in both
steeland concrete foundations. Where breakaway couplings are usedin conjunction
with steel foundations, the Contractor shall match the plate sizes in order to seal out
rodents between the foundation and pole base. Breakaway devices are not allowed
on bridge parapets, barrier walls, or pedestrian conflict areas, and are not required
behind guardrail. The Contractor shall verify that the loading of the pale, armis),
lumninaire(s), and appurtenances does not exceed the capacity of the breakaway
device.

(a) Transformer Base. The transformer base shall be installed level and flush

with the foundation without the use of leveling washers or shims according

to the manufacturer's installation procedures. The anchor bolts shall be

inserted full depth into the slotted holes of the transformer base. The

transformer base shall be installed with access dooraligned with light pole
handhole. All nuts, bolts, washers, and lock washers reqguired to complete

the installation of the transformer base shall be included.

(b) Breakaway Couplings. The breakaway couplings shall be coordinated to
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match anchor rod size. The breakaway coupling shall be installed on the
anchor rod according to the manufacturer’s recommendations. When used
with a metalfoundation, a nut shall be installed under the foundation plate
on the stud bolt to prevent it from backing out of the breakaway coupling.
The coupling installation shall not be usedto level the pole basein lieu of a
level foundation.

The screenshall be tied back on itself and secured with stainless steelwire
ties. The screenshall fit tightly and shall completely fill all openings

including the voids in the bottom of the pole base.

£38.04 Method of Measurement. Transformer bases used for breakaway
devices will be measured for payment as each, for eachtransformer base used.
Breakaway couplings used for breakaway devices will be measured for payment

as each, for each individual coupling used, not as a set of four.

838.05 Basis of Payment. This work will be paid for at the contract unit price
per each for BREAKAWAY DEVICE, TRANSFORMER BASE, of the bolt circle
indicated; or BREAKAWAY DEVICE, COUPLING WITH ALUMINUM SKIRT OVER

STAIMNLESS STEELSCREEN, or COUPLING WITH STAINLESS STEELSCREEM
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13. Please provide the following pole details if not included in the
uploaded details/plans:

Pole material

ResponselD Response

43 galvanized steel or aluminum

Fole thickness
ResponselD Response

43 varies based on design

FPole height range
ResponselD Response

43 35" - 45"

FPole diameter range
ResponselD Response

43 varies based on design

Pole mass range
ResponselD Response

43 varies based on design

Arm configuration (single or dual)
ResponselD Response

43 single or dual

Arm length range

Figure A-39. State DOT Survey Results — Page 14
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ResponselD Response

43 15

Assaociated slip base design for different pole configurations

ResponselD Response

Slip base foundation/base details

Figure A-40. State DOT Survey Results — Page 15

14. Does your organization change the slip base configuration based on
the luminaire pole design?

Value Percent Responses
Yes [ | 21.4% 3
No [ 78.6% 1

Totals: 14

Figure A-41. State DOT Survey Results — Page 16
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15. If yes, please provide information deemed pertinent to those
changes and/or upload related guidance.

ResponselD Response

20 Clamp bolt torques change based on pole type designation.
g The bolt circle depends on the Light pole design.
56 It all depends on the diameter of the pole, height of the pole and shape of

the pole base (square or round).

Figure A-42. State DOT Survey Results — Page 17

16. Additional information can be provided using the electronic
document upload link.Allowed types: png, gif, jpag, jpeaq, doc, xls, docx,
xlsx, pdf, txt, mov, mp3, mpd Max file size: 500 KB

0 Files Uploaded

Note that there were no files uploaded by state DOTs

Figure A-43. State DOT Survey Results — Page 18

17. Does your erganization have knowledge of safety concerns or
performance issues with prior or current Breakaway Luminaire Supports
with 3- or 4-bolt Slip Bases identified through in-service performance
evaluation, maintenance records, full-scale crash testing, or other

means?
Value Percent Responses
Yes [ | 14.3% 2
Mo 1 as7% 2

Totals: 14

Figure A-44. State DOT Survey Results — Page 19
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18. If yes, please provide pertinent information and details as it pertains
to non-activation of the breakaway mechanism, device penetration into
the roof, windshield, and floor pan, or large deformations to the
occupant compartment in frontal and side-impact crashes.

ResponselD Response

20 Our older designs had problems with fatigue cracking of anchor bolts, clamp
bolts, and perhaps post to base connections. Increases in bolt circles, bolt
diameters, clamp bolt torques and reduction in maximum mast arm length
(30" and 25' no longer used) seems to have largely soclved the problem.
activation problems in service are difficult to report here due to legal /
confidentiality issues. A slip base design similar to our luminaires did not
activate in a recent MASH low speed car test. It appears it began to slip, but
then stopped slipping (perhaps when the tiny gaps in the clamp bolt vs V-
slots had been taken up).

] Ilinois DOT has experienced corrosion problems with breakaway couplings in
the past. We inspect cur couplings, and monitor manufacturer and other
state findings to watch for this problem going forward.

Figure A-45. State DOT Survey Results — Page 20

19. Additional information can be provided using the electronic
document upload link.Allowed types: png, gif, jpa. jpea, doc, xls, docx,

xlsx, pdf, txt, mov, mp3, mpd Max file size: 500 KB
0 Files Uploaded

Note that there were no files uploaded by state DOTs

Figure A-46. State DOT Survey Results — Page 21
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20. Does your state allow additional attachments to slip base mounted
luminaire poles? This would include items like cell phone transmitters,
wireless internet transmitters, solar power boxes, cameras, or any other
additional hardware mounted to the luminaire support outside of the
mast arm and Light.

Value Percent Responses
Yes [ | 14.3% 2
Mo I 85.7% 12

Totals: 14

Figure A-47. State DOT Survey Results — Page 22
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21. If yes, please list currently allowed attachments along with details
regarding the attachment itself and its location on the luminaire pole

ResponselD Response

20 Currently tend to restrict electronics to fairly small and light items and
usually require them to be located on pole near center of mass of system or
near center of rotation or point of least initial herizontal motion from prior
crash test videos. Larger items such as sign panels, if allowed would tend to
be lower [not more than 12" from base) but we might place additional
rastrictions on these lower items based on how difficult it seems to be to get
breakaway items to pass MASH testing when it comes to roofiwindshield
damage. Usually soclar panels and battery packs not being allowed new
installation on ocur breakaway poles unless much lighter than usual.
Requests for allowing small cell site equipment on breakaway poles could
present a challenge due to weight and wind area.

55 ITS devices (RUS etc.), solar panels, junction boxes, etc. for new standard
drawings of luminaire poles (AASHTO LRFDLTS). Existing standards with
transformer base only supports lighting but can be used for ITS devices if
loads not excessive.

Figure A-48. State DOT Survey Results — Page 23

22. Additional information can be provided using the electronic
document upload link.Allowed types: png, gif, jpa, jpeg, doc, xls, docxk,

xlsx, pdf, txt, mov, mp3, mp4 Max file size: 500 KB
0 Files Uploaded

Note that there were no files uploaded by state DOTs

Figure A-49. State DOT Survey Results — Page 24
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23. What is the typical size and configuration of the wiring for the
luminaire pole?

Count Response

1

Will have to get back to you later on this one

SCDOT does not employ slip base luminaire poles. We specify and use frangible
couplings for most poles and have allowed fiberglass direct burial {(Shakespeare
breakaway poles). The sizing of the wiring is determined by the contractor
installing the lighting system. We require the use of breakaway electrical
disconnects, specifying waterproof in-line fuse types.

MiA, we do not use slip bases of any type

Typical wiring is No. 10 copper, continuous from luminaire to controller. Wiring is
covered by ocur Standard Specifications, Section 821 (attached below]).

Per the NCDOT Standard Specifications and Standard Drawings, the wiring in the
pole to the luminaire is required to be 12 AWG Type S00W cord.

Underground is typically 4c 4AWG direct buried cable Up pole is 12-2 {with ground)
UF cable within the light pole

NIA

We do not have a typical. The size and configuration depends on the lighting
system design.

Figure A-50. State DOT Survey Results — Page 25

24. Is there additional wiring for other attached hardware or devices? If
so, please provide details.

Count Response

1

Will have to get back to you Llater on this one.

Owr lighting systems, including the poles, wiring, and cabinets, are not designed to
incorporate additional hardware, or devices.

MiA, we do not use slip bases of any type

Mo other attached hardware is allowed.

MNIA

Figure A-51. State DOT Survey Results — Page 26
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25. Does your state utilize/require breakaway wiring connections for slip
base supported luminaire poles? If so, please provide details on the
breakaway wiring connector used.

Count Response

1

We include a detail for the live wire for the luminaire to be kinked. This is to make
sure the pole is de-energized after a crash. For added wiring we often ask for some
kind of unplugging cennection, but would be helpful to have research and guidance
on what should be acceptable

We use breakaway transformer base TB 17-1 for our lighting poles.

We do not utilize slip base supported luminaire poles. We do require breakaway
wiring connections for breakaway poles using other means to separate safely
during impact.

MiA, we do not use slip bases of any type

Yes. Breakaway fuseholders are reguired for all single arm and dual arm poles.
MnDOT has an approved product list of breakaway fuses. An issue has been the
ability to breakaway the neutral with the hot wires. We are currently working with
a manufacturer that is making a device for us that will be UL (or NRTL) listed and
will breakaway the 2 hots and the neutral with one device.

MIA

Yes, we reguire breakaway couplings when during a breakaway base.

Figure A-52. State DOT Survey Results — Page 27

26. Additional information can be provided using the electronic
document upload link.Allowed types: png, gif, jpa, jpeaq, doc, xls, docx,
xlsx, pdf, txt, mov, mp3, mpd Max file size: 500 KB

2 Files Uploaded

Figure A-53. State DOT Survey Results — Page 28
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Illinois Department of Transportation

Information below extracted fromthe Standard Specifications for Road and Bridge Construction

SECTIONE21. ROADWAY LUMINAIRES

£21.01 Description. This work shall consist of furnishing and installinga

luminaire.

£21.02 Materials. Materials shall be according to the following.

I[tem Article/Section

) Ty 1T 3= =SOSR | § = |
(b} Wire inthe Pole ... e een . LOBE.0D
(c) Fuseholders and Fuses ... LOBS.01
s | =T L3OO | = ¥ A ¥ .+
(2) Fasteners and Hardware ..o LOBELO3
(f) Lightning Protection ... e e e e 1OB5.02

COMSTRUCTION REQUIREMENT S

£21.03 General. Each luminaire shall be installed according to the luminaire
manufacturer's recommendations.

Luminaires which are pole mounted shall be mounted on site such that poles and
arms are not left unloaded. Pole mounted luminaires shall be leveled/adjusted after
poles are set and vertically aligned before being energized. When mounted on a
tenon, care shallbe exercisedto ensure maximum insertion of the mounting tenon.
Eachluminaire ballast and/or ballast arrangement shall be checked to ensure
compatibility with the project power system. When the luminaire has a multi-tap
ballast, the tap shall be adjusted as necessarytoensure a voltage match.

When the night-time check of the lighting system by the Enginesrindicates that
any luminaires are misaligned, the misaligned luminaires shall be corrected at no

additional cost. Should the photometric results of the luminaire indicate, in the
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judgment of the Enginser, a tilt adjustment is warranted, the adjustment shall be
made at no additional cost.

Mo luminaire shall be installed before it is approved. Where independent testing

is required, full approval will not be given until complete test results, demonstrating
compliance with the specifications, have been reviewed and accepted by the
Engineer.

Pole wiring shall be provided with the luminaire. Included with the pole wiring

shall be a surge protection device and fusing located in the handhole. Wire shall be
trained within the pole or sign structure soas to avoid abrasion or damageto the
insulation.

Pole wire shall be extended through the pole, pole grommet, luminaire ring, and
any associated armand tenon. The pole wire shallbe terminatedin @ mannerthat
avoids sharpkinks, pinching, pressure on the insulation, or any other arrangement
prone to damaging insulation value and producing poor meggertest results. Wires
shall be trained away from heat sources within the luminaire. Wires shall be
terminatedsoall strands are extended to the full depth of the terminal lug with the
insulation removed far enough so it abuts against the shoulder of the lug, but is not
compressed as the lug is tightened.

When installing the lamp or performing any other activity that requires opening of
the optical assembly, care shall be exercised to avoid touching the reflector or
allowing contaminants to enterthe assembly. Eachlamp and lens shall be free of all
dirt, smudges, etc. Should the reflector ar refractor require cleaning, a mild soap or
non-abrasive detergent, containing no chlorinated or aromatic hydrocarbons, shallbe

used and then rinsed cleanwith cold waterand wiped dry.

821.04 Conventional Pole Installation. Horizontal mount luminaires shall be
installedin a level, horizontal plane, with adjustments as neededto ensure the optics
areset perpendicular to the traveled roadway.

When the pole is bridge mounted, a minimum size stainless steel 1/4-20NC set
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screw shall be provided to secure the luminaire to the mastarmtenon. A hole shall
be drilled and tapped through the tenon and luminaire mounting bracket and then

fitted with the screw.

821.05 Highmast Installation. Luminaires having asymmetrical photometric
distributions shall be carefully oriented with respect to the roadwayas indicated on
the plans and as directed by the Engineer. The Contractor shall confirm all luminaire
orientations with the Engineer prior to installation.

For horizontal mounts having rotating optical assemblies, after the orientation of
gach mast armtenon is inspected and approved by the Engineer, the position shall
be permanently marked in a manner acceptable tothe Engineer. The luminaire shall
then be leveled to the plane of the luminaire ring.

When the luminaire position and orientation has been confirmed and approved

by the Engineer, the luminaire shall be anchored with a minimum size 1/4-20NC
stainless steel bolt installed through tapped holes in the tenon and mounting bracket
of the luminaire. The bolt shall not penetrate into the tenon more than 1/4 in. {6 mm).
Counterweights onun-used tenons shall be mounted in a similar manner.
Pre-installed wire on the tower ring shall have the ends of each wire capped at

the tenon with butt type crimp-connectors for un-used tenons. The wires shall then

be re-insertedinto the tenon end and the tenon end shall be capped.

£21.06 Underpass Installation. When attached directhy to a structure, the

underpass luminaire shall have stainless steel brackets installed between the
luminaire and the structure to create a gap of not less than 1 in. {25 mm).

When specified, an aluminum underpass luminaire numbering decal bracket for

geach underpass luminaire shall be installed as shown on the plan. The bracket shall
be large enough to accommodate the identification and shall be mounted on the pier
or retaining wall from which the luminaires are electrically fed as directed by the

Engineer.
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When suspended, the underpass luminaire shall be installed 1 in. {25 mm) above
the lowest underpass beam and shall be mounted parallel to the plane of the
roadway, taking into consideration the applicable grade and superelevation of the
traveled lanes. Vibration dampening assemblies shallbe used and sizedto the
weight and shape of the underpass luminaire. All mounting hardware, including the
vibration dampers, shall be stainless stesl.

The underpass luminaire shall include, from the junction box mounted at the
abutment to the luminaire(s), all conduit, fittings, attachment hardware, cable, and

stainless steel junction boxes reguired to complete the branch circuit.

£21.07 Sign Lighting Installation. Each luminaire shall b2 mounted on the
signwalkway structure with stainless steel hardware and with at least three points of
attachment. The mounted luminaire or mounting hardware shall not extend above
the bottom of the sign or below the bottom of the walkway support.

The center-to-center spacing of the luminaires will be determined by the

Engineer. The end sections shall not exceed one-half the spacing between
luminaires.

The mounting shall provide the correct position of the luminaire as recommended

by the manufacturer and shall be able to withstand assigned loading according to
AASHTO. The sign lighting installation shall include, from the signtruss handhole to
the luminaire, all aluminum conduit, fittings, attachment hardware, cable, anda
stainless steel disconnect switch with lockable exterior handle mounted within reach
from the wallkway.

Disabling brightness shall be shielded from trafficapproaching eitherthe front or

back of the sign.

£21.08 Basis of Payment. This work will be paid for at the contract unit price
per each for LUMINAIRE, of the lamp type, mount type, and wattage specified;

UMNDERPASS LUMINAIRE, of the wattage and lamp type specified; or SIGN
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Appendix B. Standard Plans for Luminaire Poles Supported by Slip Bases
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DEPARTMENT OF THANSPORTATION
ELEVATION A '51 (LIGHTING STANDARD,
DETAIL C ND SCALE
e

Figure B-1. Caltrans Luminaire Pole and Slip Base Standard Plans [8]
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& WaSHER r%ﬂ

R=

Ax1E OF
| e o,
fo—]
KEEPER PLATE

ANCHOR PLATE
DETAIL E

" BOTTOM
2 E{WT'IW SLIP

ifé ToP SLIP BASE
“BASE PLITE DETAIL
FOR DIMENSIONS

14" = 13" L0t

AXIS OF LUNINAIRE MAST AN

3 ORAIN HOL

BOTTOM PLATE
DETAIL C

WOLE Dla =
FOLE INSIOE Ol - 2"
14" BASE B
EDGE
eaTh
DETAIL A-1
SECTION A-4
M
XIS OF (W~
| lhu.lslpi.jgs_r- SEE DETAIL A-1 e
| 1y T
11" @ HOLE
ASE PLAT v Y
QETAIL A HER AT\ L
14" B HOLE EINISHED calv { N
—_ N
7' # HOLE
0.0142" KEEPER €. j‘
. ( PLATE WASHER
i\ DETALL D
£ / 14" @ Tye I Ty I 2" Typ
[5M] -
Ro=1" Typ

14"

BASE E

£ WAZHER,
Typ

©wspoLT  §POL § HS ANCHOR BOLT N
g8 y
| (e 8
% i -]
=0
5L W4 7 — ®
" GROUNDING <]
b Mo D[I ;
CAST OPTION >
¥ GROUNDING -  ~ ]
TORP SLIP BRASS S0LT
sar'e e
N el e e (O
| S {TOF NUT AND
[ b LEVELING MUT) -
=S, T 2 W =
£0TToM iLy »
BASE £ 5 =
e | m
SLIP BASE DETAIL ANCHOR & l?
DETAIL F s s0Tow £ e |2
TIGHTEN DOTToM
SLIP BASE cLaup ESH;"EE’P” NI TO 200 f4-1b
m\su:n Hzm' Hax NUT AN WELDED OPTION
€ PoLE AL A 1A ALE REBUIRAWENTS SECTION B-B
TN ERECiFTEATION
¥e" & WASHER

TeP SLIP BASE B

i1 ;
=i

TaR
G

Jo.mw‘ KEEPER £

[oimr| couwrs

S R

T EWlL EWGINEL

REGTS

Auguet 1, 2022

e
B L ST

i

MNOTES:

1. 17§ HS mennr balte. Far clamp bolte, see
spec|ficatfons

2. Cgml?fomll ot Dmtrudl more than 2° cbove

3. Hanahals ehall be Iscated on the downatresm
slae of traffic

4. For T,ﬂeso rlua bose ond for Type 31 fixed bose,
BEE N 2 and 3 on Standard Plan ES-8E.

FLAT WASHER

STATE OF CALFORKIA
DEFARTMENT OF TRANSFORTATION

Fo ELECTRICAL SYSTEMS

—"

SLIP BASE
ELEVATION A

EREI e
\e WASHER SLIP BASE PLATE)
WS AMEHOR MO SCALE
BOLTS

{LIGHTING STANDARD,

ES-6F

Figure B-2. Caltrans Luminaire Pole and Slip Base Standard Plans, Cont. [8]
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[orme| eountr

POLE

13
| | Baa 2 x Y x0T

FROVIDE AEMOVABLE H
RAIN TIGHT CiP

MAST ARW PLATE 1"

}'1* = 1GNC - 2'11; LOMG
i cas scaes, Yoral 4. _Ll? e 4"
g ,
I
€ PoLE .
o ; Woras o, T
TAPERED STEEL MAST mgsi?q"wn 0 ELECTRICAL COMCUCTORS: I " " NOTES:
AT THE POLE EMD AMD' THICKKESS = 0.1793 I BV R 1T 9 s |a 1:,{% 1. Hondhole shall be locoted on thw downstrean
_ H IZ‘ = side of traffic,
[—— 1 e euae £ for satiionn retes e cntali, ee
LUMIRAIRE MAST ARU FRONT VIEW SIDE VIEW
— _
ar: DETAIL A 4
N
]
o EhcH WL SoINT @
5 o -
¥ &= POLE SPLICE >
E M =
. ! DETAIL 8
= Ey o
z - wl” -
tn & Ei E]
I x ﬂu BOLT HOLE = ANCHOR BOLT #& +4" HOLE Bla = POLE INSIDE Bla - 2" o
o g gJ v
u -
3 d .
>
AXIS OF POLE — o 4
- _';T:"-: L1 g
- — &
| —— a
PLAN
SR
it BoLTS BASE PLATE DETAIL
- ﬂlgl JETAIL C
VATION A STATE OF CALFORNA
DEFRATMENT OF TRANSPORTATION
o POLE DATA BASE PLATE DATA F%L?#UAPTI%N ELECTRICAL SYSTEMS
A M G0 [ BC = BOLT
TP |enenrEaee ToF | mickuess| © | cimete | THIcRMESs | ANFHER BOLT "Ofa | oEPTH | lLlGHT!r"Yﬂ'"‘;;rblnb.
3z |38'-0" 0¥ I 5% 0.1733" i =8 1'-3" Fa 1" 8 x 42 | 3= =g

NO SCALE

[ ES-eqQ

peTeT)

Figure B-3. Caltrans Luminaire Pole and Slip Base Standard Plans, Cont. [8]

ST-18P-€0-d¥.L "ON Modoy ASUMIN

ST0T ‘81 12quL22J



0¢€¢

I —

— WASTARM

ELEWATICN ASEEMBLY OF SLIP-BASE

D Ensure the op Sllp-Base Plale clears all Anchor Bolls.

@ Fumlsh wire fabrc magarial complylng with Matardals 1M,
44301, Flaca wire 1abilc araund anchar bah clicle
batwean concrete fourdatlan and base plate. Fli the
fabrks ghl Lo he baltam surlacs of e baseplals ard
the top surface of ke fourdatian to prevent radent eniry.

(3 Reatar to L1201 for foundation datals,
@ Teegue to 1000 In. lbs.

LIST OF FASTENER HARDWARE

1* anchar belts: 3 tatal .

1% % 437 belts for slip-base: 3 otal,

Plats washars: & total; 3 top plate and 3 bottom plate.
Circular washars: 9 tctal; 3 middle washess, 3 washars for
levaling nuts, and 3 washars for anchor boll nuts,

Lok washers: 3 tolal.

Nuila: 9 total; 3 levelng muts, 3 nuts tor anchor Bolts, ard
3 ruls or slip-base bolis.

Detail ‘&'

CETETTR

@IOWADOT [—T=

[STANDARD ROAD PLAN| 211

SHEET 16f 2

REVISKING: Sahchad srchor ples and alp-toms ool oot I PLAK v o, Shas 1.
Fsmossd lick Wit

SLIP-BASE FOR LIGHT POLES

Figure B-4. Iowa DOT Luminaire Pole and Slip Base Standard Plans [10]
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ANCHOR FLATE

J

S

TYPICAL HALF SECTION A
(Top Slip-Base Flate)

1

o THICK
PLATE WASHER

SECTION B8
ANCHOR PLATE

RENE I

@IOWADOT [ =

f——
FREVEKING: Savhciad anchor plae and alpetoes coll s b PLAK vhw on Sheed |
Fiamowsd bck watrwes,

STANDARD ROAD PLAN| L2

SHEET 2 of 2

SLIP-BASE FOR LIGHT POLES

Figure B-5.

Iowa DOT Luminaire Pole and Slip Base Standard Plans, Cont. [10]
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10 FT OR 15 FT -
ARM LENGTH
1/24NCH - 13 UNC DRILLED
: AND TAPPED HOLE
i 1 1
| RAIN TIGHT CAP I
E JIGHWAY LUMINAIRE ARM E: N FNCH SERIES "C0
HIGHWAY L = < it o
(SEE STID OWG SL 12 FOR ) 2 LEGEND {TYP)
OFTIONS AND DETAILS) £
4 k(iRFFN REFLECTORIED
5 LEGEND ON WHITE
= BACKGROUND )
co'ajl":‘%?géou OR HlGHl AY - HIGHWAY LUMINAIRE POLE
- L \_
5 NO LIGHTING HIGHWAY LUMINAIRE POLE
5 |t L
Ll
£
= POLE LIGHT POLE IDENTIFICATION DETAIL .
% et D BT CIRGLE HIGHWAY LUMINAIRE POLE
g FIXED BASE PLATE DETAIL THREAD TOP & N CAP DETAIL
B (1) LOCK WASHER
Z| =z .
3 2 {2} STANDARD
3l & WASHER
= A
ul & 2) HEX MUT
= 2
3
E é _ Topoe
E £ LIGHT FOLE FOUNDATION  1-INCH DIA B
al = IDENTIFICATION
4|k (SEE DETAIL)
HIE]
=
=} 1
= 3
4]
B MER 1D TAG L
@ 4 J44MNCH X T 124NCH
& HAND HOLE WITH
& =z = COVER
g Qs - N 1-INCH ANCHOR BOLT
[ = e 6 (SEE STD DWG 5L 14) is
% : FIXED BASE A TO LUMINAIRE
—
-
! =1 \_L IGHT FOLE FOUNDATION -
1 - GROUND LUG
-8 AEEI e e
I § c=3 AT (SEE 10 DWG FIXED BASE § X PEata
I T =t SM 15F FOR FOUNDATION GROUNDING
: g I GRADING DETAIL) CONDUCTOR
! & A |E = | A BASE PLATE
1 E=d WOTES;
! T t 3:1 SAND AND CEMENT
i - DRY PACK (GROUT) 1. LUMINAIRE POLE ASSEMBLY CONSISTS OF A POLE. ARM, BASE, INTERNAL CONDUCTORS,
l 3 (SEE NOTE 9) IDENTIFICATION, SPLICES, MOLDED CONNECTORS, FUSE HOLDERS, ANCHOR BOLTS,
i o HARDWARE AND SLIF BASE OR FIXED BASE.
| SLIP BASE JURCTION BOX 2. AL STEEL MATERIALS INCLUDING ANCHOR BOLTS ARE HOT-DIPPED GALVANIZED, SV0ID
! w DAMAGING THE GALVANIZED FINISH OF MATERIALS DURING TRANSFORT AND PLACEMENT.
3. ORIENT ALL LUMINAIRE ARMS AT RIGHT ANGLES TO THE SURVEY LINE OF ROADWAY UNLESS
OTHERWISE SFECIFIED ON PLAN SHEETS. DRIENT ALL LUMINAIRE POLES SUCH THAT A
TECHNICIAN FACING THE HAND HOLE WILL FACE THE ROADWAY OR DNCOMING TRAFFIC.
4. PLUMS POLE FROM THE CENTERLINE AT BASERLATE TO THE CENTERLINE AT CONNECTION
AFTER ARM EXTENSION, LUMINAIRE, AND ALL ELECTRICAL ACCESSORIES ARE IN PLACE.
5. LOCATE LUMINAIRE POLE BEHIND SIGNS WHEM THERE |5 CONFLICT.
6 INSTALL RAIN TIGHT GAP ON LUMINAIRE POLE IF NO LUMINAIRE ARM OR VERTICAL
LUMINAIRE ATTACHMENT WILL BE INSTALLED.
GROUND ROD
i e 7. USE SLIP BASE ON ALL LUMINAIRE POLES EXGEPT THOSE LOCATED ON STRUGTURES
i 1E-INCH ANCHOR OR SPECIFIED 0N PLANS. SEE STD OWGE SL 14 FOR SLIF BASE DETAILS.
BOLT CIRCLE
& CAST ALL FOUNDATIONS IN PLACE AGAINST UNDISTURBED EARTH. DO NOT WELD
| REINFORCING STEEL.
h ECTION A-A TYPICAL ELECTRICAL CONNECTIONS 5. INSTALL DRY PACK GROUT AFTER LUMIMAIRE POLE IS PLACED) IN FINAL POSITION, GROUT WiAY
: BE PLAGED VERTIGALLY FLUSH WITH THE BASE PLATE OR P T0 A 45-DEGREE AN

REVISIDNE

UTAH DEPARTMENT OF TRANSPORTATION

SALT LAKE CITY, UTAH
STAMDAAD DRAWING EDITION

2024 Standard Drawing

STANDARD OREAWINGS FOR BOAD AND DIRIDGE CONSTRUGT KGN

HIGHWAY LUMINAIRE
GROUND MOUNTED POLE

£
g
g
g
z

ST DWE. MO,

SL13

Figure B-6. Utah DOT Luminaire Pole and Slip Base Standard Plans [11]
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1HNCH DIA
BOLT CIRCLE

. i
‘"\.I_ 22 GAUGE GALVANIZED

SHEET METAL TO KEEP

Y * GROUT FROM SLIP |
. 4 BouTs
~ . /‘
——— SLIP BASE

ASSEMELY

POLE BASE PLATE

PLATE WASHER

{1} 8 UMC X § 1/4-INCH LONG
BOLT WITH (1) HEX NUT,

(1] FLAT WAEHER, AND

(2) PLATE WASHERS

(TYP 4 PLACES)

FLAT WASHER

PLATE WASHER

112"

1-INCH POLE
BASE PLATE ] |

28 GAUGE KEEPER PLATE —-"'/

SLIP BASE ASSEMBLY

3:1 SAND AND CEMENT
DRY PACK (GROUT)

v
70P oF FounDATIoN —
HEHMCH PYVC
22 GAUGE GaLY 14MCH D& DRAIN PIFE

SHEET METAL SLEEVE
B 172HMCH 0D MAX ANCHOR BOLT

SLIP BASE DETAIL SLIP BASE ASSEMBLY

05N a1 D0 Emne St vSas e Y EAasaeds b Sy TN ELss e BosksMasiae S auarsgi [IVNINCE L S0,

| — 13HNCH DIA
BOLT CIRCLE

§7

\/

164MCH DIA BOLT CIRCLE

SECTION A-A

CLIPPED
COHMERS

13HNCH DIA
BOLT CIRCLE

KEEPER PLATE

(28 GAUGE GALVANIZED STEEL)

HOTES:

PLACE SLIP BASE ASSEMBLY ON ANCHOR BOLT
LEVELING MUTS AND SECAIRE IN PLACE.

ERECT LUMINAIRE POLE AND SECURE WITH 11N DIA
SLIF BOLTS, INSTALL 5LIF BOLTS IN THE 5LOTS

30 THE BOLT SHANKS ARE IN CONTACT WITH THE
POLE BASE PLATE AND SLIP BASE ASSEMBLY.

ALL STEEL MATERIALS INCLUDING AMCHOR BOLTS
ARE HOTDIPPED GALVAKLZED. AVOID DAMAGING
THE GALVANIZED FINISH OF MATERIALS DURING
TRANSPORT AND PLACEMENT.

EERE]

Fi

z o
o
E E
g5
1y
o Iz
a3z I
ziilh B
Eo=l @
=z |2
TH B
25ls @
Z z - |g =
4 X7
EiTE =
i [ «
£ I~
o : N
z:
E:
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e
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STD. DWE. ND.

SL14

Figure B-7. Utah DOT Luminaire Pole and Slip Base Standard Plans, Cont. [11]
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HIGHWAY LUMINAIRE FOLE

(4] 1-INGH EXTENSION STUD

A-|NCH COUPLING NUT

TIE INTD EXISTING CONDUIT AND
EXTEND NEW CONDUIT ABCVE
FOUNDATION, IF USING EXISTING
JUMCTION BOX. LSE 1 124NCH MIN
DA PYVE CONDUIT FOR EXTENSION

EXISTING FOUMDATION

L EXISTING
JUMCTION

TIE REINFORCING
HOOP TIE TOANCHOR
BOLT EXTEMSION

0N Talot O S dnarfias S e 2034 Samnsudy s Tacwrsg 0TI Rs v arac: BaohsMina e e mmerngs IASRIACE 5L By

-armnz)

REINFORCEMENT DETAIL

SLIF BASE SHOWN. MIN LEMGTH 2 34 INCH
REFER TO STD DWG 5L 13
%| AND SL 14 FOR BASE DETAILS ZANCH BVE CONDUIT
3 PROVIDE LARGE
™ 3:1 SAND AND CEMENT SWEEF RADILS
DRY PACK [GROLT) BEND
.
USE CLASS AA(AE) CONCRETE 2*
FOR FOUNDATION EXTENSION .
=
Eql]
w
I|%
i MEW JUNCTION
=3 BOX REQD IF
il DEPTH EXCEEDS
36 INCH

USE RISER IF JUNCTION
BOX DEFTH IS 36 INCH
ORLESS

EXTENSION

—h
=3
MINIMUM 1-FT RADIUS ELBOW
TIE IMTO EXISTING CIRCUIT

HOTES;

1. USE COUPLING NUTS AND EXTENSION STUDS ON EXISTING LUMINAIRE POLE FOUNDATION
FOR ANY EXTENSION HEIGHT REQUIRED.

2. PROVIDE COUPLING NUTS ACCORDING TO ASTM A207 WITH A MINIMUM LENGTH OF
2 FHAINCH COUPLING NUTS GALVANIZED ACCORDING TD ASTM A1Z3, OR ZINC PLATED
ACCORDING TO ASTM A153.

3. USE -INCH DIA EXTENSION STUDS ACCORDING TO ASTM AZ07. GALVANIZE EXTENSION
STUDS ACCORDING TO ASTM A123 OR ZINC PLATE ACCORDING TO ASTM A153.

4. ATTACH COUPLING NUTS TO EXISTING ANCHOR BOLTS. INSTALL EXTENSION E»TUUS
TO PROVIDE 3 34-MCH PROJECTION ABOVE TOF OF NEW FOOTING. EXTEND.
PLACE CONDUIT AS SHOWHN. PLACE REINFORCING STEEL AS SHOWN AND. (\CDOQDING
TOASTM 515 GRADE B0 REQUIREMENTS.

SPACING GUIDE FOR . REINSTALL BREAKAWAY SLIP BASE PLATE BOTTOM AND SPACER PLATE ON EXTENDED
REINFORGING STEEL HOOP TIE ANCHOR BOLT LEVELING NUTS.
6. ERECTAND PLUME POLE. SEE STD DWG SL 14 FOR SLIP BASE INSTALLATION DETALLS.
RISE IN FOUNDATION | iy o mnicas

7. GROUTAFTER LUMINAIRE POLE IS SECURED IN FINAL POSITION.

III’«ICHDR BOLT
L

B INGH TG 12 INCH
12 INCH TO 30 INCH

2
3

8. RECONSTRUCT FOUNDATION EXTENSION TO A MAXIMUM OF 10 INCH. USE EXISTING
CONDUIT AND JUNCTION BOX. EXTEND CONDUIT &5 SHOWN. ADD JUNCTION BOX RISERS

TOP RING 3 INCH CONCRETE COVER

T MATCH GRADE FOR A MAXIMUM JUNCTION BOX DEPTH OF 36 INCH. INSTALL NEW
JUNCTION BOX AND CONDUIT SWSTEM AS SHOWHN IF GREATER THAN 38 INCH IN DEPTH.

8. ADJUST PULL BOXES (NOT LOCATED AT LUMINAIRE POLE} TO MATCH GRADE BY ADDING
RISERS FOR A MAX IMUM JUNCTION BOX DEPTH OF 38 INCH. INSTALL NEW JUMCTION BOX
AND CONDUIT SYSTEM AS SHOWN |F GREATER THAN 3% INCH IN DEPTH.

10, PROVIDE NEW COMDUIT LENGTH AMD COMFIGURATION NECESSARY TO COURLE
THE EXISTING CONDUIT THROUGH FOUNDATION EXTERSION

FERRE

:
2
[=2]
z £
8% g
E E
o =
25
¢§ E
51 f ©
=
Ziilf ©
gl ©
w a5z °
oczilr €
S H
-
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§i ] o
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Figure B-8. Utah DOT Luminaire Pole and Slip Base Standard Plans, Cont. [11]
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17/32" Rad, (Typ.)

TOP PLATE
BRILEY 1 1/8" Dia. Hole
=5 3/4™ (4 Required) __, 2%’;
6 3/4" Dio. Hole ) T 1 37167 K
7 /2

Clipped Corners

1'—1" Dia.
Bolt Circle

SLIP BOLT GASKET

1 1/8" Dio. Hole

1'=1" Boit Circle
1'~4" Bolt Circle
17/32" Rod. (Typ.)

L— 1 1/2 —= —J1/2"L—

SLIP_BASE ASSEMBLY

Figure B-9. Wyoming Luminaire Pole and Slip Base Standard Plans [13]

PLATE WASHER DETAIL
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Pole Shaft

1/2" Thick Plate Washers
— 2 Required per Conn.
Bolt. (See Detail)

10

Weld Slze Equal to
Shaft Wall Thickness

4—1" Dia. ASTM A325 Slip Bolts
w/ Heavy Hex Nuts and Standard Washers

_~—— Top Plate (See Detail)

—— 28 Gage Slip Bolt Gasket (See Detail)

/— Slip Base Assembly (See Detail)
3/8" Dia. Drain Pipe

(0 N
' B '
b an | )
o
‘ [T{""] 1_ T iy I

4—1" Dia. Anchor Bolt

Galvanized Sheet Metal Sleeve—/

Galvinized Sheet Metal to Keep
Grout From Slip Bolts

BREAKAWAY BASE

Figure B-10. Wyoming Luminaire Pole and Slip Base Standard Plans, Cont. [13]
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GENERAL NOTES

%
x !',ll

Lumingire Mast Arm -
2440 arm length x B40 rise (Typ))

Q2s5iQ  AASHTO STANDARD SPECIFICATIONS FOR STRUCTURAL SUPPORTS

FOR HIGHWAY SIGNS, LUMINAIRES AND TRAFFIC SIGNALS, doted 1994. T

Construclion: WYOMING DEPARTMENT OF TRANSPORTATION 1936 STANDARD 1
SPECIFICATIONS for Rood € Bridge Construction, Ty

. 1e
STEEL (WMINAIRE POLES: Sieel Juminoire poles shall hove o 205 mm oulside fm Typ)

/{gzu Luminoire
diometer of Ihe bose with o 4.5 mm minimum woll Ihickness ond o wniform B

taper Ihroughoul. Poles shall be round o Iwelve or more Sided and fodricaled ] TR 1
in occordonce with Subsaction 624.29 - Traffic Signot and Roodway Lighting

Potes, of the Standard Specificotions.

Certified lest reporls required o be submilled to the Bridge Progrom per
Subsection 624.24 - Troffic Signal ona Roodway Lighting Poles, of the
Standard Specifications, shall be submitied either prioc 10 or ofter fabricotion &
of Ihe poies and arms. Physicol lesls, including lensile properties for the g Troveiea Roodway
poles and arms, may be faten of ter fabricotion and need no! include similar

tesis taken peior to fobricotion.

(UMENSIONS: Al dimensions are in mitlimetars unless ofherwise noted. :eqo Shoulder. Troveled Woy
The steel luminaire pofes, mas! orms, gole orm pivols, Supporls, i)

and guides, and oll associoled hordware shall be galvanized in occordonce
with Subsection 703.18 - GolvaniZing, of the Slondard Specifications. Al —_—l
rough edges ond burrs sholl be ground smooth priov fo galvonizing.

IK As girected by Ihe Engineer

8840

After rood closure gofe assemply, oll expased boV! Ihreads shall be painted
with wo coals of zinc rich paint conforming with Ihe requirements of = Leve! —I—

ASTU A 780. N o3 a #
7 Al boVls shatl conform fo ASTM F 568, Closs 4.6, unfess §

designated as MS (Migh Sirenglhl, which shatl conform fo ASTM A 325u. "

FIELD ASSENBLY: In some ions, the plates for the
orms may require modificotion 10 oliow Ihe pivol sleeve 10 Stip over, Any
domage 10 the golvanizing shall be repoired with wo coals of 2inc rich palnt

conforming wifh the requiremenls of ASTH A 780, /['CJ\ X
Oritled Shof ! Foundation (Typ! u\

REFERENCES Botion of poe

WYOOT Standard Troffic Defoils: TrPICAL LOWERED POSITION TYPICAL RAISED POSITION
Lighting Pole 4-Boit Slip Base Delgil = = = = = = = = = Sheel ( of | Sheer S i e 2
Lumingire Pole, Roodway Lighting Lumingire

€ Overneod Sign Lighting Lumingire = = = = = = = = = Sheet 1 of | Sheel ELEVATION
Drilted Shaf1 Foundation, Trench, Dividea Mighway instatiotion Shown
ond Conduif Plocement = = = = = = = = = = = = = « - Sheel t of | Sheel

Is

l/-( Troveled Roodway l/—( Ho!lled Rlowm:y

|_— Edge of Povement (Typ! Edge of Pocement

18000

Woy (Typ? Tr W Note: 1) The location of rooad clasure gales and mounting
l [ Eagn ot Tromes, B (v ! Edouof: Troveicd. My geiw of gale arm pivol sholi be verified by the
X ineer.

2) Mcnv';m oi gole orm Quides may be voried as required
for warning light clearonce.

[Golc Arm (Typ) Gote Arm
{ ——-ﬁ WYOMING DEPARTMENT OF TRANSPORTATION
25° 2
f [ * \;{Lwﬁmt uast Are ‘ I f Luminaire Wost Arm STANDARD ROAD CLOSURE
| | GATE DETAILS
(General Plan and Elevation)
DIVIDED HIGHWAY INSTALLATION THWO-WAY HIGHWAY INSTALLATION DRAWN BY: V&S DATE: 27-NOV-96

(2 Gotes rea'd! i1 Gote req'a) CHKD BY: SMS /MAD SHEET 1 OF 3
clogatel.dgn

Luminoire Pole €
Gate Arm (Typ)

Figure B-11. Wyoming DOT Luminaire Pole and Slip Base Standard Plans, Cont. [13]
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'See Nole No. 3,

Secure cobie 10 pivol with)
clevis ond chip n' ihimble
kil o similor method|
insuring that cable is
protected from abrosion]

Tock weld aut 1o shaft

? Lumingire Pole

405 ~ 9750 wosimum
v

. Joo !
Jéégv.ua‘lmm e 1830 1830 ‘ 300
|
¥10x 90 Boit w/' ! 1780 Floshing|
Mex Nul € 2 Washers Red Womvnv
(Typ) 110 req'a per wm Light (Typ)
| i e !
€ Troveled
+ Adoph Alternoting Red and White
Gote Arm Guige Gt Aol 600 _I Fiverglass Gate Reflas- i fiecting Molerial, ! Roadwoy
2ot Arm Seclicn 01 45° angle, covering
127 2 64 Aluminum i adhab
e Arm Section
See Nole No. 1) | —Gate Arm Suppor!
anaun Exlrusion 3000
Sleeve inserled inlo

GATE PIVOT ASSEMBLY

Gote Arm le orm for cas! adopler
270 =
44 182 449
420 200 HS Pivol Boll t= 1 GATE DETAIL
o/ Mex Nul € 2 Woshers 97 % 9 S
Casl Adaprer 8 I
) =
3 = MIOx 45 WS Boils -‘S‘Lr—-— l l N " "}-m Hole (Typ)
/ Hex Nul € 2 Washers 2
8 Bar 76x6
Bor 76x6x 270
n SECTION B-8
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clogate2.dgn

ST-18P-€0-d¥.L "ON Modoy ASUMIN

ST0T ‘81 12quL22J



6¢C

o LTI vy gy
- | e

Side Pigte Pin - Bor 38%x 45

Winch Mount =

Rear Chonnel =
uC 2501 42.4x235 C 150x12x 350

Tyo
Front C < ®»— _Sl
wc 250‘ 42. u 235
MI12x 50 Bolt w/ Hex
Nyt € 14° Hole in Steeve §
03 eq spo. Weld nut

Pin Broce - Pipe 51 Pin Broce — to steeve. (Typ Top € Bott)

Oouble X-Strong x 20
W1t mm wall thickness! (Typ))

VIEW B-8 VIEW C-C N20x 115 Bolt w/

Weld boit heod lo sleeve.
Oritl bolt to occept pod lock,

Side Plote

850

Steeve - Pipe 203 Sta
(Schedule 40) x 850
(8.2 mm wall thickness)

b
g A .
12# Hole for il
uI0 HS 8ol (Typ))

370

%\_ Y
50 R (Typ!

Front Chonnet

1

R S — 1

'

Front Channel » ——— B8
229 Hole in Side Piote : . BE 84 otul
i 0 q 3 b
and Channeis Typlf ¢ 4 b ) Winch Mount
B
8 Side Plote R q 8
=| 2 10x 350x780) gt
44 Holel 165 |
for Pin)
= o Side Plate —e Sige Prate PIVOT SLEEVE DETAIL
= = |_—50 R (Typ) 8 5
‘6-5‘1 Reor: Channel — 252100 Sior
=dq 45°
3 s R il (Typ) 8
s »t | ' H
wl N~ U 1 2\’
Q T &
o 1
S M Rear Channel )
L20x75 HS au]j
Heovy Hex Nul|
. ( 2 Wosher: Typ) ki 2
. " 2o sole for s WYOMING DEPARTMENT OF TRANSPORTATION
= -9 STANDARD ROAD CLOSURE
350

GATE DETAILS

SIDE_PLATE DETAIL VIEW A-A (Gate Arm Pivot Details)
i DRAWN BY: WS DATE: 27-NOV-96
CHKD BY: SMS /MAD SHEET 3 OF 3.

=looated.don

Figure B-13. Wyoming DOT Luminaire Pole and Slip Base Standard Plans, Cont. [13]
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Figure B-15. North Carolina DOT Luminaire Pole and Slip Base Standard Plans [15]
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Figure B-16. North Carolina DOT Luminaire Pole and Slip Base Standard Plans, Cont. [15]
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Figure B-17. North Carolina DOT Luminaire Pole and Slip Base Standard Plans, Cont. [15]
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Figure B-18. West Virginia DOT Luminaire Pole and Slip Base 1994 Standard Plans [18]
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Figure B-19. Washington State DOT Luminaire Pole and Slip Base Standard Plans [19]

ST-18P-€0-d¥.L "ON Modoy ASUMIN

ST0T ‘81 12quL22J



¢

REAUND EDGES
{BOTH ERDS)

(14
[SHE DATA TaH1E]

POLE BASE PLATE

- FLATE WASHER
v — KEEPER PLATE
&F Camwuwen 5 o
I & [SEE CHART) | a wasnn
LEVEL LNE L z = ——— et = e
R T - PLATE wASTIER
s ﬂm (T B CHOR FLATE
TENON DETAIL (LUMINATRE ARM) i : BACILE MTFTES
B WRAVY BIEX HUT FIXED BASE
ELEVATION
L -
T v ’_ TEMPLATES 5 #H | SUAP ONTO AREHOR BOLTS
P 1 HOLE W/
" lini B A (2) TSRS PR 1| el O
HTHIP (CONTINUNS) ql:l]_‘ Il = 2w B 1" R
ROUND EDGES 1 -3 ruare
ELIP_BASE ASSEMELY
ELEVATION PLATE WASHER 1Hg"® HOLE
IRCUMFERENTIAL ;
_ WELD DETAIL \,"}r?g;;'“*-\, !é? . T_\}!
"\ { e STHAP TEMPLATE ASSEMBLY DETALL
UM FERENTIAL JOINTS AT
PRGN Pl nAgE, f % i
w2 DETAILS. —— Tomasn | =
" ROADNAY
WGK GoUGE GUTHIE
WITHIN & OF TUlE
N O . sur
T
108 PENETRATION PLiTE
(B-Tdk)
LONGITUDINAL WELD DETAIL FIFE BLow MOUNTING
THO PER TUBE, & 100 DEGRERS [HRE CHART HEIGHT ANCHOR/SLIPY BASE ASSEMBLY {SER SUIP FLATR
FiR. BIAMETRR) LS Aees Aee T DIMEREIDNE]
1‘!"’) T — HUSE PLATE
1 i SECTION B-H BASE PLATE DETAIL
" o
BRI, e sz s smosrmss mr wr et [ n
NG, LUMIMATRES, AMD TRAFFIC SICHALS, e ANCHOR
m TORE. 80 MPIL 3 SECTND GUST e — | FLATE
~ HANDHOLE COVER {4 @ @0 pEO) Ty H - IR LIFE/RECURRENCE INTERVAL
= k) _lTAN +  FATIGUE CATEGORY I L
" COUPLING SEE CIRCUMERENTI 2 e y
o i e . i SR ML . ’ o | [* o
P STELL] TO BECURE = LUMINAIRE SLIP FIT CONNECTION = 0 [l ~5 1 In BT
HANDHELE Vi _ELBOW DETAIL PO SIAPT = | .J T cikene
DANIG 40" -
l * LUMINAIRE, FACE AREA = 23 8Q FT, WEIGHT = 0 LuS. awd ey 2
1 + HION, FACE AHEA = 30 80 FT AT T-0° ABIVE POLE BASE, HOLE—~ g
: POLE SCHEDULE e Bl wale (Tye)
HANDHOLE DETATE e e + FOLE NI LOMINADKE ARIES SHALL BX DODECAGONAL 1N CROSS SECTION. FOLE N
oL WRHT | e IAsE SHAFT SIALL IIAVE TAFER OF 0.14 In/¥T. 1507 pary s
NUKBER L ot THIE +  FADRICATION SHALL CONFORM TU 2909 AASITO STANDURD SPECIFIGNTIONS FOR = CIRGLE
Kr-20 K¢ il trn 4 STRUCTURAL SUPPORTS FOR HIGHWAY SIGRS, LUMINAIRES, AND TRAFFIC SIOMALS 40" {TVP)
HECH, 55, AWE D11 STRUCTURLL STERL WRLIM ANCHOR PLATE
l +  LONGITUDENAL WELD |5 8% MIN, FENETRATION EXPECT FOR & INCHES SLIP PLATE S =
— END OF SECTION AT FLANGE, UASE PLATE AND SLIF JOINT IS 100% e e—— —
.|_ RRETRATION.
1 MATEISALE . 0 vues, ase: FLATES, FLANGE FLATES, OUSHET PLATES & CEATH WUAIR: & TR 25
1 - TANDBOLE FRANES SHALL CONPORM 70 ASTM AG72 GRID. PPROVED . KO,
kit *  ANCHOR BOLTS SHALL CONFORM TO ASTA FI454 OR 105, NOTS SHALL CONPORN TANRICATION DATE
% J =l g momacs - | Er‘im. ABGD GR DI HEAVY FIRY, WARMERS SSALL CONPORM TO ASTM F43s
o] 5 [T g o AT
Do X
SECTION G- ake nask T 463 Gl DR KEAVY 1M, VASIEERA AL Cobmamn o T o0 TP I ASED o Ao TUTEROLE,
HANDEHLE I~ DETAIL I = GALVARIZING SHALL CONMFORM TO ASTM A12S & ALDD. SRR B
COMDUCTOR ATTACHMENT R + HANDIOLE COVERS 5 ONFORM T ASTI AIDI 1 GRSD.
BRACKET DETAIL el = ALL FIPE TENORS AND TIRE CUILIES SHALL CONFOR ASTH AGD R B. IDENTIFICATION TAG DETAIL
e a7 = RENE LESH THEM %° [N DUAMETER SHALL RIK STAINLESS HTEEL OR ERASS. C——re =
e - PLATE WASHERS SIALL CONPORAL TO ASTM AZu.
{3} AncHOR = KEEPER FLATE SIHALL CONFORM T ASTM ABS3 COATING DESIGNATION G 0.
FOLE DATA L .
WouRTIG | BASE DETAILY . REVISION DATE ERANI IR
LT T R AP PROVED !“m"mmm- — WSDOT LIGHT POLE STANDARD J-1
i T T ) K bl WITH TYPE || LUMINAIRE ARM HISE5138
a6 w38 170 Ma“UfaCtUl'e{'s Pole Plan AT, i
= e 12865 SW Herman Ad . EMSLIE:
s | | oo aw [as Pﬁppmved For Listing As A S S e G
6.0 wm 50 ana - ved 1 | PHisu3EIs a3t
ano [ 188 e Appro b DfaWiﬂg = | Ex soa4 1 2. EMSLEEA108
ol el e W gl 2 a0 oy:
e araf=nsar NSO dge & Sictuos Offen| | —-ggnal: S
3 o G4 " Date 43000 - | somacromn |
wa ] e ot (1) ELBOYS To BK WADE VROX STO FIFE ate 4-20-201/ S WOKXK |Managing mability= SHEET 1 OF 1
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CLAMPING BOLT TABLE

2 1 144" (IN} DIAM. HOLE VITH
3 SMOOTH CHAMFERED EDGES ) LUMINAIRE | MAST MAST | CLAMPING BOLT
q HEIGHT (FT)|  ARM ARM DIAMETER (IN)
3 ~ LUMINAIRE POLE . (H1) TYPE | LENGTH (FT) “D*
: - ” s 207050 | SNGLE | 6TO18 1
@ A )
z HEAVY HEX NUT {TYP) ~ SIZE h 2007045 | DOUBLE sTO8 |-
TO MATCH CLAMPING BOLT !

g T 46 TOSY | DOUBLE gTo®

1027 (IN) THICK x 2° (IN) WDE

20TO45 | DOUBLE 10 70 16

2 347 (IN) LONG STEEL BAR

46'TOSY | DOUBLE 1070 16

PLATE WASHER DETAIL

NOTES

1. 50" (ft) (H1) poles with double mast arms or poles weighing in excess of
1000 Ibs. shall not be installed on a slip base.

2 ThoStundmnm;ndunwm‘dﬁanASTMAsnGRSOor
ASTM A588. All Skip Plate notched surfaces shall be finished smooth

3. The clamping bolts shall be high-strength steel, manufaciured from AASHTO
M 164, with heavy hex nut and washer. the Cl
Bolts according to AASHTO M 232.

4. meundunodhalledgasmwwaywpmmmm See
Plan J-28.70 for winng detass.

_ PLATE WASHER (TYP.) ~ ® SLIP BASE NOT ALLOWED

~ SEE DETAIL

“~ POLE BASE PLATE

KEEPER PLATE

HARDENED ROUND WASHER (TYP) ~
SIZE TO MATCH CLAMPING BOLT (28-GAGE SHEET METAL)

— ANCHOR/SLIP PLATE ASSEMBLY

®

! \

ANCHOR/SLIP PLATE
EXPLODED ASSEMBLY
ISOMETRIC VIEW

&
T 17 (IN) DIAM. HEAVY HEX CLAMPING
i BOLT (TYP} ~ TORQUE CLAMPING

i
TOP VIEW

5. Galvanize the Anchor/Slip Plate after fabrication according to AASHTO M 111,
6. Clamping Bolt diameters may vary on existing installations. Replace them with

the same as the originals when mpain’na or reusing a luminaire pole.
For 1" (in) clamping bolts, tighten to 95 ft-bs.

For 1 1/4" (m) clamping bolts, tighten to 104 ft-lbs.

DO NOT OVERTIGHTEN. After state inspection, burr threads to prevent
nut rotation,

1-3DAM
-~ BOLT CIRCLE
<
1

TN DA,
HOLE

< . 114 () THICK
TOP VIEW - bS5 — ANCHOR PLATE

KEEPER PLATE 3
1 4/16° (N) DIAM.

%/ 1207 (TYP) HOLE (TYP)
2
ToP view
SLIP PLATE

Tehboanns, Rithnd
Jan 102014 10:20 M

fak?, Ve
STEEL LIGHT STANDARD
ANCHOR/SLIP PLATE
FOR SLIP BASE
STANDARD PLAN J-28.42-01

SHEET 1 OF 1 SHEET

et
o 117008130 P

e Blllw

APPROVED FOR PUSLICATION ,

@~ |

Figure B-21. Washington State DOT Luminaire Pole and Slip Base Standard Plans, Cont. [19]
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1,097 ©1A. MOLE
13 REQ' O}

ANCHOR PLATE TONARD ROADHAY

0.25° AMOIUS
GYPICAL)

1"-3" DIA.
BOLT CIRCLE

7.00° DIA
CERIER m
1ANCHIR PLATE)

6.00° DIA. CENTER MOLE -

4B0TTOW SLIP PLATE) ”"m @i AT
(CONF IGURAT 10N SIIILMI
10 POLE BASE MLAYE)

BOTTOM SLIP PLATE
&0 ANCHOS PLATE

KUTS TO BE FIELD TIGHTEND
TO 50 FT.-LBS TOAOUE

AUT 10N

00 NOT OVER TORGLE .
AFTER STATE INSPECTION,
THREADS

AT JUNCTION WITH NUT
10 PREVENT ROTATION.

131 -0.75% DIA X 4,28 LONG F3125. A325 T
MEX HEAD BOLTS.
MUT, (1) FLAT MASHER, & (2] PLATE WASHERS
WUBRICATE IN FIELD IF NECESSARY

IN LIEU OF THE REQUIAEMENT IN F312%)

ERTS § HANDHOLE

0.25" RADIVS:

EACH BOLT FUANISHED wiTi lll lt:(

PLATE
WASHERS

4.

1TYPICAL)

POLE BaSE
OIA +0.06"

O]

0.88° 01A, MOLE—
(CHANFERRED)

ANCHOR BOLT LENGTH
FOUMDATION LY LoneT
TYPE N
LT —
STANDARD 30 00
* Curll 3 00

T

1'=3" DIA.
BOLT CIRQLE

NOTE:
) DASERLATE WITHOUT THE BOTTOM SiiP Puu uo
uom 9|.Av: 15 A FIZED BASE. WHERE A
GUIRLD ‘ mﬂ!l“

SPECIAL
'l ANGH0R DOLT PATTERN 1800 AND ST
"i lAﬁH.ﬂt nlﬁltlu vo THE FOUNDATION

e 850" —te 0

20 GALGE

1°-3" 0Ia A
80LT CIRCLE NS g
6.00" DIa
K 0 807 01A WOLE
13 RED"0)
KEEPER_PLATE

2.00° x
AR 3

028" x 3
REQ"OY

119t
OIA. WOLE (TYP )

KACE BETWEEN POLE DASE PLATE
AND BOTTOM SLIP PLATE ON TOP
OF MICOLE WASHERS

APPROVED

Manufacturer's Pole Plan
. Approved For Listing As A
Pre-Approved Orawing
WSDOT Bridge & Structures Offic)
Date /6-22-0p

ANCHOR PLATES PROVIDED WITr HOT
DIP GALVANIZED FINISH

ANCHOR BOLT ANCHOR + CUAB FOUNDATION DESIGN SHALL MEET AASHTO
TEMPLATE oLt AND FMWA REQUIREMENTS FOR BREAKANAY 8ASES,
FIXED Ak
% .- Te
(3)-0.75° DA, X *8” LONG AL THAEAD ANCHOR BOLTS SYE SUIPBASE ASSENALY SHOMK CONPORMS TO' THE
BOLT GALVANIZED FULL LENGTH. EACH BOLT FLANISHED ANCHOA BOLT TEVBLATE
HLTH (6] HEAVY 1EX TS 1D (6] FLAT wasiens e AEhr JICD NSEMILY WAL, S TESTED. 19
ANOLA BOLT TENPLATES ARE REQ'D PER POL 12) TEMPLATES REQO PER POLE-
5€E TEMPLATE DETAIL STRAFS ARE SHIMPED LOOSE
b VALMONT INOUSTRIES. IMC. MESERVES
BEEAKAAL BASE SAtvAL IO l STAVE 0F: NASHINETON JHE RIGAT 10 ISTALL VaRiOus.
PED POLES S COMOONT TOMS 10 FACTLITATE THET  va)ley W6 63004
&y .
BREAXANAY BASE OETAIL | 2015 AASHTD MANUFACTURING PROCESS (402] 359-2203 DBO1165 B

Figure B-22. Washington State DOT Luminaire Pole and Slip Base Standard Plans, Cont. [19]
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TYPICAL LUMINAIRE SUPPORT

iz, hole thra pote
wall and 243" che. baskes
thry base plates.

o Scae

23z veer siots:
dhrough anm piare,

BE” i,

bolt circle

Accompanied by dwgs.

GENERAL NOTES

Luminaire supports shail be designed in accordance with AASHTO LRAD Specifications for
Structural Supports for Highway $igns, Luminaires and Traffic Signals (201 5.

The design wind velogiy shall be 143 mph,

The design Mean Recurrence interval shal be 1, 700-year.

T design Senvice wing velociey shall be 91 mph.

Use a Kd of 0.85 For round cross section luminaire supports with amms.

FANGE AESIGN IS NOT FEGUIAT.

Al ol shafts shall be round,

Steel sheet for poles and arms shall conform to ASTM ASS5, Grades 4 or 8, or approved equal
Al ariver steel shier aod piate shall comfora f@ AASHIC (223 (ASTM AS72), or approved equal.
Supplament 518 of ASTM A regarding maximom 1ensie strength shall

Anchor cods for Siip Base Luminaire Supports shall be ASTM 449, Type 1, Anchor ads for Fixed
Base Lurminaire Supports shall be ASTM FI§54, Crade 36.

Nurs for anchor rads and sip base bolls shall conform 1o ASTM AS63, Grade OH,

High strength boies shall canform to ASTM F3125, Grade AZ25,
A SERCTUrAl ST Scludhing fastensrs sl fe hot-dio DaNanzed afTer Sbrcalion uniess noted

rwise.

Gatianize-Contral silicon, typical,
0 tp .0k o 0.7 3% 10 0,275

Facting concrets shall he Commereial Grade Concrete. (T = 3000 p

Grout in grout pagis shail be non-shrink high early strengeh groor e ———
strongth of 5

REorcing steed shail conforet 1 AASHTD M3 1 (ASTM AGT 5\ Grade 60. A aimimum (ap splice
@F 32 bar diameters shall be used unless shown atherwise.

Flar washers sall be hardened steel washers conforming to ASTM F436,

tangitudinl seam welcs shall be complere penetearian within 6 of @ circumferential weid,
00 pereent minimom peRelration required for the remainder of the seant wald.  Weld inspection
shall camgly with the Special provisions.

The weight of the slip base pale and its attachments abave the anchar plate shall be kept fo 2
v an sl nor exceed 1000 fbs.

Pale lergths shall he field verified botive fabeication, Tap of footing may be substantialy
above or below roachway surfece. Design shall be agjusted a5 necessary for ncrease or decreased

Sutican cantent of the base metal shail be in the ramge of

The Servica If shape at the fop of vertical Supparts with moment laad applicatians shall be iievirect
to 0.35 in./ft {7,677, Computed deflection dignoring pole bending and/or roration) of the iuminaire
arms shall ot excesd that fisted in the Lamingire Arr Design Dara Lafske.

Hubis shall be J000¢ threaded forged carban steel far weld hutrs by Anvil Products fnc.,
Phognix Forging Ca., Banney Forge & Tool Warks or approved aqual. Crounding terming/
shail be 12" YN dila. x 17" Tyoe 308, 309 ar 310 threaded stainless stoe! weld studs.

See dwg. TMEIS for guidelines in locating siip base poles.

Luminaire pale founciation Shall meer MMM CmOIREMEnt FEQUINCTIRts Shown on TMES3,

Assemble suoperT and tiahiten anchor bales and arm CoRNECHion Boits accarding to AOSE2.AENZ

See dvawings TG0 and TME3] for chares and details mot shawn

LLANAIE ARM DESIGN DATA
cing | Biagiong | S0t cvcle | go o
A" Deffection | D B o
L - [ %
g fire 7 i
150" e 7 fr

200" ale” I

150" maximum “LA” for sip base poles.

TMEID, TME3T, TMESS

F0 | Luminaire dret npth 14° 0.1196°, 0.1345", or 0.1793" wall thickness for
See Project Plans /" tapered steal laminaire arm 0. 14%/%, tapec) “* Unipss shown crhenuise s reapa™e | Tapered fuminaire arm
(I50 manimum for i Sprctat Provisicns. Frpoaarie | v min 0.0 af femon
siip base poies . . e by
Pl cay Tenan Detail, s sheet ma, [ p——
Centroid of (Ta b inctallet oy whan callad Do, ] 3 or
piuirin | easnment out i dei lans
Lowmmnaive Level fine P -tida
17935 8-U2a-GFar
% P _ weldd Backug ring. G piras
HE 2| ] tnsgall removatie caintigh LUMINAIRE TENON DETAILS
3 i cove, fafier gaiv.) y
- P 6 5
E Terun, see detail
o Galvanice Control Silicon, tye. i
i Tenon dime, inclicative of
é‘ Removable raintight handhole cover of || [ ZESN LMMAIRE ROUNDED! ermarat comtiy. desttead and may.
i 196 mun, thickness steed. Fastenwirh 2 || [“Projecred Arex far Vari depending on ManuACEWErs
=2 [ rass ov (ALS! 300 senes) st 1| e | Weight | e ,Wmfﬁﬁ o fvwet o fig”max._offset except
o ¥4" x 20 UNC round head scrows. No e IW”-"’ I PFETY) Variations froum that show shail be Foe wittun 13  pate fuse
a4 <avar AITAENIENE ThaT FESIriCts use of | S 7 aifowed a3 apgravecd by the Engincer. fackup weld ring T or &T 1005
7 Randhale Wil be permitiod exceat i . (Round edges far -
H 2-V”dtia, x Ba” hong type 30, | w 2 sl wire gratecrion) e
s 309, or 170 stainkess steel coupling . E steel mpe A
5 utts weliad 10 hardhale frame i ]
L4 E it & B) whan apeming s at least 675" high ! ] H
L 3
<
Jd 3 ! I
H z | £ |
2
= g QI e l z ] H e 1" thick piate with
& 7 an pate | i S comtered 2 dia. oty
w0 | wal . = Em
£ 3 POLE TOP
g x i | L H P
3 Round corners far wire grotection : = H TENON DETAIL
tise full penetrarian | ] il No Semle
2| ] weld ar incrasse . : 2=
H et weid size 2 | i HE
s .
: (R i i 195" autlet hub inset inta
¥ i el duminaive arm. . pobe walt to provide H
H] | evive eniry. See Hub Weld
k] e o b fovimiing handbole frarse shal not Detail. Griantation of fuks i
5 oo o B0 e e accton st H 1o be 180" 1o handhole
4 Pale sectian praperties shall be maintained at hancihole. | apening, To be instalied E HUB WELD DETAIL
' amly when called out on U
HANDHOLE DETAIL | dluminatian pians or i EE
= RoSear Soe Handhole Detais i Sprecial Frovissans. QE
Bl
. e
Raaoway surface E | " Bovrwen of pate g &
_ [y ! Gl | s A Bk
Pl NS
Siip ase and Sip Base —ﬁl f e
foundation sixb, E
4
Condult H g TE-Lida-GF
A H P
#4 hoops & 107 ki H Winlds to be sized to meet
and 126 hoop 472 13 £ lESig FequirEments.
o tap of fasting as shawn, | P ) Top & bem. plares
—— e T o AT 106K
Four against undisturbed material ar backfill T Felia st pipe sheeve the
with wel comparied gramutar material. el o Jr———— Tl pode wail & o base plare
#6 - uars spliced t0 verts damerer = 37 o A 25 shown .
Fasting may be square faund Soe Siip fase Dotails” oo 17 mun, piares mym
See dngs TMOJ0 and THES] JoF SI7es Toorng g, me. TMEI0 for detais.

Wild hoat ro paie
Wil (0 SUpOT wire
o \g device
Provide zine vent hales
o irsice of fox ihraugh
wall or sice plates

[ p—

afony elecerical wire way.

LUMINAIRE ARM CONNECTION DETAILS

o Scaie

D dli,_hales for D" i
HE bolts, Tap pole plate for
qatvanized A5, baits and feave
holes apen duning gak. Chase
threadts after gaivamzing.

The selection and use of this
Srandard Drawing, wiile
designed in accordance with
generally accepted engineering
principles and practices, is the
sole responsibility of the user TATE

Al manerlals shall be In accordance whih
she current Dvegon Standard Specifications.

OREGON STAN DARD DRAWINGS
SLIP BASE FIXED BASE
INAIRE SUPPORTS
GENERAL DETAILS AND
DESIGI‘JZ;.;RITERIA

FEWIGION_DESCRIFTION

and should not be used withoyr | RIS
first e g 2 Reg
Professional Engineer.

oo, _ T __| %k ovaoas | TM629

Figure B-23. Oregon DOT Luminaire Pole and Slip Base Standard Plans [20]
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09-JUL-2021

TMEI0.dgn

LT or RT 100%

TE-Uia or
TO-L4a-GF

F- My"dia. x 5% long H.5.
bolrs or 3 - 1 dia, x 5%
H5 boits. See Shp base chart.

5" square x 6" deep concrete

siaty flusht with ground, Reinforce with
o - 24 x 46" each 5

each post

BR"in dia. x 36" long anchor rod: /\/
(4449, Toye 1} each w3 nuts and

2 washer.  Thread 5°top end and

1 btem. ernd of anchor rod,

6753 x J'szmMamJ| |

tack welded (o il at 25"l
each anchor rod.

Condesit

SLIP BASE DETAILS

No Scate

15" thick anchor plate
SLIP BASE CHART. (ASTM AS72 Gr. 50 Ksi) Rectangular washer
Boitor | Mo, of Luminaire arms | Torgue #r-ibs | Footing o it . v
Anchor ouding termin, 14 thick pole siip plate
rod “BO" ! H T T | Denth Lewer sitg plate. Keeper piate, see detail
i wesw | wmesae'| 200 9 | 50 e " Anchor plare Flat washar
I wt s s | Bos 00| aso 100 s Fog” Fg" 142" thick lower stip plate
ANCHOR PLATE ASSEMBLY — SLIP BASE POLE Rectangutar washer
Notes 1. “BL"shall rot exceed 55 for single luminaire arm pofes. “BL" shail not exceed 45 ‘o Scale Fiat washer
for double luminaire anm poles. Top of rods must mot project above top of fower ; it
sl plate.
2. The maximum slope rise V" is 2,50 inches per foot and a grade of V4,804, BOLT ASSEMBLY DETAIL
3. The assurmed cohesive soil minimunt undrained shear strength, ¢, fs 600 psf. Mo Seale
The assurmed mona-cohesive soil ficion angie (s 25 degrees, the bulk wewahr " I
is 100 poi, and fully saturated. - =
4. Engineer of Record shall confirm site specific conditions satisfy the assumed soil
parsmeters and satishy the slape requirements. If conditions are not satisfied, —Recess slope
Engingar of Record must acljust the shaft design as needed. #t per fr.
10 drain, Accornpanled by dwgs,  TME29, TME31
ANl matesials shall be in accordance with
(e current Oregon Slandard Specifications.
. The selection and use of this
SLIP BASE BOLTING PROCEDURE (see 00962, 462X b) Standard Drawing, while OREGON STANDARD DRAWINGS
1. Erect pale on an anchor assembly using 3 far washers and 2 reclangular washers per - ' SLIP BASE LUMINAIRE SUPPORTS
Bole along with the keeper plate. Place 7 flat washer ang the keeper piate between designed in accordance with BASE PLATE &
the pole base plate and the anchar plate. nerally accepted engineerin
2. Adjust anchar rod leveling ruts a5 required to rake pole generally 2 Gineering FOOTING DETAILS
3. Tighten figh strength bolrs to 11" f-1bs orque. principles and practices, is the 2024
4, iLoaser each bait and resighten to T ;" f-1bs farque, 00 NOT OVERTIGHTEN! sole responsibility of the user (ST I T T
5. Burr bolt threads at junction with AuE LSing @ center punch. 3 ST | AT T T IRI AND WOreD Fve
ANCHOR PLATE RECESS - SLIP BASE POLE and stould not be used without
. first consulting a Registered
ightening &f siip base Bors sHali nor be done without 3 INSPector present. o scaie g d heq
Professional Engineer.
CAL. 02
e T

3 Mlat washers per bol
2 rectangular washers per bolt

T thick pole slip plate, see derail
Kecper piare, see deta!

" thick Jower siip plate, see derail
FET hick anchor plate, see derail
2% hick concrete grour pad

Tap of lower siip plate
e

Place #6 x 2107 L-bars
with 2'-0° verr. leg ar each
wvert, footing bar.

Nore:
Canduit & anchor
rods must oot
profect above the
tog of anchor
plare assemiiy.

14" thick pole slip plate s
(ASTH AS7E Gr. 50 Ksil

13" dia. bt circle

Ja 6 min. dla. hafe witfh Y2 phick washer
o i, (Wer appiicable (A3E ar appraved
for Sacket welds) siots in equall 2 feq '

{alts 1207 rackall) _\,- 5 pole sljp plate as shown. o ot
Enlarge pole ship plate as needed BO" i M5
¢ Luminaire arm J— e to provie . istance D"+ You') i Boits (A325)
(rawards raadway) y  fRokop >ig) hole it washer
Frovide grouncding termina! RECTANGULAR WASHER DETAIL

on post wall apposite
Nora:
Remove 4

handhaole (inside of pole!
5|
runs and beads at base ! Radius — 80"

plate siots. 7

PLAN — POLE SLIP PLATE - SLIP BASE POLE

Mo Scale

0.0299" galvanized sheer —1
ASTM ASST) galvarnized te W
ASTM AB53 coating G165

€ Luminalre arm

Mo Scafe

Eils

13" die._bolt civcle
Abolts 120" radially)

J—J’ L™ iz, froie
E 5 O-

Troward roadway] Il
d (RO« YD i,
. N A bok ot
" >
(e
E|E s st plare similar KEEPER PLATE — SLIP BASE POLE
gl to pofe siip plate i plar Ao Scaie
¢ Luminaire arm .
ey i
12" tvick fowver ship plate (B0 + e ol 5 Wt
SASTM AS72 Gr. 50 Ksi) ona 14" dia. balt circle P
for anchiar rads, at washer

Figure B-24. Oregon DOT Luminaire Pole and Slip Base Standard Plans, Cont. [20]
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14" Die
Bolt Curcle

NOTES!

All materiols and construction shall conform to ihe
requiraments of ihe Specificetions,

2. Pole base piote ond foundation piate sholl be stee!
Ses 1he Specificotions Contoct surfoces shall hove
90" Tye. smooth linish ond e1posed sdges shall be neatly rounded
o V8" redius
o 3. Prote wosher, three required per boll, Steel shall conform 10
MAST ARM ASTM A 4Gior ASTM A%72-Grode 65 and electrc-
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" Dosa B0 3 TIGHTEN
v 12" Typ. g S See TS 4-20000i1"A" for anchor bolt detoils. The three
N w - bolts shall be high strength with four heavy nuts and two 2"
Joo% g.‘. =z 0. flat washers per bolt. All shall be slactro-goivarized
+t%,| DESIGN FOR LEFT HAND TRAFFIC |77 to ASTM. 8633
f o RlGHT HAND TRAFF'C oy ROTATE gs:: 6. The foundation hole shall be cugered ond concrate poured
:."_'E POLE Ieo. T against undisturbed sarth Unsiable soll may reguire
S —_— v deaper foundarions. Class "S” (3000 PS1 ) concrare
12" Tye. § L 7. A 25 coll of No 4 AWG bare coppar conductor shall be
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Ses Note 5 —/iE - fe—13/16" Typ pole onchor boll. Double nut botiom leveling mut for
1547 Ty, " 8 Tsee Nove 3" ottechment
on = Shrink
Non-Metollic Growt 8. A 28 gouge golvonized sleel heeper plate shall be mstoled
on the pole tig Oway Dose Detween the 1wo shp plates The
- heeper plote sholl be the some sue ond shope ot he sip
i 5- Bl’ TR W+ ‘ 3 LV Mex. Dwoy bose except i1 aholl have | 1/27 Do, holes i ploce
- L] 4 ;
e e "— r—:::;:::r "—.a‘ o A of e siots for 1he onchor bolts
H 1 "::‘lﬂ'l " H " varticol Revars .::.m-' — r”
I [ T v
SECTION A-A Doutile nut M | | '
576 for ground F‘:H_i"- :'ﬂ —See Note 5 H !
-ie \ -+ - T
FOUNDATION BASE PLATE ool W vrevccomen | T I
& i ""i-é a%° ' .
plate 1 ~JV U] E ' o
S e S— e | I PR & S
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‘ =il ::\::\.’ with 3 172" Pien
fl\ 2 14" O
178" Min - + T = | el
ve" b=l Bven areevts STATE OF ARIZONA e
-——I_' H A Dot J % St DEPARTMENT o& 'm'ens;;c:mmou fo--06
= ﬂ: 2 7 —_ (Ve | RRAE B
| 15/16 I — ————-k_' | rpretiet SLIP-AWAY BASE —
L See Note T—— — .ﬂfw FOR T.8.5-2
VIEW BB 3 0ie aas 30’ POLE

Figure B-25. Arizona DOT Luminaire Pole and Slip Base Standard Plans (Out of Date) [21]
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6" Min -8" Max. Straight
And Horizontal

Topered Mast Arm
See Table
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I ft = 0.305m
1in = 25.4 mm

[21]

252

See Detail “A"

MAST ARM INFORMATION

Lgth] Rise [Gal"D" Min|Go)"D"Min

6 | 2-0|11]3-1/4110] 3-3/8 7 Gouge

8 | 2-6111]3-v27]10] 3-5/8 Pole

10| 3-4"|11]3-1316110]| 3-7/8 ~
12| 4=3|11] 4-116] 10} 4-5/16 Hand Hole

15| 4=-9 11| 4-1/4710] 4-34" See TS.4-17 '
18| 5-9"]11]| 5-3/4110] 5-31 ) NF
20| 5-97| 7| 5-1/4| 7| 5-1/4 10"Min.)

Figure B-26. Arizona DOT Luminaire Pole and Slip Base Standard Plans, Cont. (Out of Date)
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LS Department P

- megipn, TG 20860
SrieripeTiton JUN 29 1930
Faderal Highway

Administration :
Refer to: HNG-14

Dennis H O Briem, P.E.

Minager, Product Plammimg

Industrial & Construction Products Divisiom
Valmat Industries, Imc.

Valley, Nebraska 68064

Dear Mr. 0 Briem:

By your September 16 and 22, 1988, letters to M. Thomms 0. Willett, Director,
of Office of Engineering, you requested Federal Highway Admimistratiom (FHWA)
acceptance of steel breakaway slip-base lumimaire rts for uwse om
Federal - aid highway ]pr-]itcts. As you kmow, considerable effort has gone

into evalmating steel slip-base lumimaire suopports simce yon made your
request. Your cooperation amd assistamce im that effort is mch appreciated.
Enclosure I summarizes the tests FHW has evalwated im reaching a decisiom on
the breakaway acceptability of steel slip-base lumimaire supports.

In each of the tesis shown in the summary the geometry of the slip-base was
mominally the same as Califormia Ihrl.rtmnt of Tramsportatiom's (Caltranms)

n , which is shown on Enclosure II, except that in ome series of
tests the keeper plate thickness was redoced to 0. 0149 inches (28 gage). The
pele base plate in the type 31 base Is 1 imch thick, the lower slip plate is
11/4 inches thick, and the anchor plate is 1 inch thick W would also point
out that in all tests two of the slip-base clanp bolts lay in a lime parallel
to the direction of traffic and were om the street side of the pole.

from the summrization of tests it cam be seen that there is comsiderable
scatter in the results and that in some tests FHWA'S omxiomm 16-foot-per-
second breakaway chamge im velocity requirement was exceeded and in sone
instances the test device was actwally stopped. Becamse of the amrltltly,r
unpredictable natwre of the slip-base the testing effort was extemded amd a
theoretical amalysis of the slip-base release pechanism was undertaken. As a
result of this work we are now confident that safe slip-base luminaire
can be configured that will be within substantial compliance with

's breakavay requirements. Thos, steel slip-base lmminaire supports will
be acceptable for use om Federal-aid hi s if pr by a State highway
agency provided they fall within the linmitations setforth below

Basic Type: Triangular, three-bolt base similar to Caltrans' Type 30 amd 31
bases (see Enclesure [I).

Miniomm Shaft Wll Thiclness: 0.1196 inches for dianeters wp to 10 imches. &
Bolt Circle Diameter: 14 inches (mini o).
Base Plate Thickness: 1 inch (minimy, 1 ]/4 inches (mmximmj.

Figure C-1. Eligibility Letter LS-16 - Page 1
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Lower S1ip Plate Thickness: 1 1/4 inches (minimum), 1 1/2 inches (maximum).
Anchor Plate Thickness: 1 1/4 inche:s (maximum}.

Steel Keeper Plate Thickness: 0.0149 inches before coating (28 gage)
{maximum) .

Height Top of Lower S1ip Plate from Ground Line: 4 inches (maximum).

Clamp Bolt Type: Galvanized ASTM A325 with dry lubricant (Heads and nuts
shall have heavy hex dimensions).

Clamp Bolt Size: 7/8-inch to 1 1/4-inch diameter,

Rectangular Clamp Bolt Washer Size: Length, width, and thickness shall be
sufficient to prevent significant deflection [bending) when clamp bolt is
loaded to its tensile capacity.

Hole in Clamp Bolt Rectangular Washer: Camp bolt diameter plus 1/16 inch,
with edges chamfered to prevent binding with radius under bolt head.

Clamp Bolt Tension: 8,000 pounds per bolt (maximum). In the absence of a
more exact method of determining bolt tension the following maximum tightening
torques shall be used:

Bolt diameter {inches) 7/8 1 11/8 11/4
Torque (foot-pounds) a7 a5 104 111

Finish: A1l faying surfaces to be galvanized, free of paint, and smooth and
free of ridges, scallops, nicks, and burrs.

Mounting Height: 56 feet, 6 inches measured from bottom of pole base plate to
centerline of Tuminaire mounting tenon (maximum).

Weight: 1,000 pounds (include Tuminaire, mast arm{s), pole, and base plate)
(maximum) .

Mast Arm Orientation: Mast arm may be parallel to a flat side of the base
or may pass over a clamp bolt
{see Enclosure III.)

Placement: The terrain about the pnle base shall not inhibit translation of
the pole and approach topography shall be such that a vehicle leaving the
roadway at design speed and an angle of up to 25 degrees will not strike the
pole at a height greater than were the pole located at the edge of the
pavement. (The approach terrain will not cause an errant vehicle to become
airborne.)

Figure C-2. Eligibility Letter LS-16 - Page 2

255



December 18, 2025
MwRSF Report No. TRP-03-481-25

3

differ from some current practices, for example the clamp bolt tension, keeper
plate thickness, and mast arm oriention prescribed differ from those in the
Caltrans standard, one should not infer FHWA is apprehensive about the use of
slip-base luminaire supports. It is just that our extensive study of these
structures has given us an insight that Jeads us to believe they will work
best and the public will be best served by adhering to the guidance we have

. While the restrictions listed here are rather extensive and in some instances

outlined.

Sincerely yours,

L. A. Staron

Chief, Federal-Aid and Design Division
Enclosures

g&tﬂ: and Roadside Design acceptance letter number LS-16,

Figure C-3. Eligibility Letter LS-16 - Page 3

256



LST

Agency
Test Mo.
Date

CALTRANS

a4
JUL 26, B4

405
MAY 23, 85

406
MAY &, 87

407

JUNE 23,'87

Mastarm(s)

Length (ft) Length (ft)

Weight (#)
ke ol o o o e e ol ol ook e e e e ke ol ol e oo o e e i o e ke

Weight (#)

Shaft

CALIFORNIA TYPE 31 SLIP BASE

20
189

20
a9

20
132

20
132

5
627

35
627

Jg

a5 *

Keeper
Plate

{in}
ke e ool o e e e ool kol ol o e ke

0.0359

0.0359

0.0359

0.0350

Mounting Pole Diam. Slip Base Clamp Est. Clamp
Height (ft) at base (in}Bolt Circle Bolt Bolt Force
 Total Wall Thick. Diameter Diameter 3 @ (1bs) ea Thickness
weight {#) at base (in) {in) {in)
e e &
£ 10.875 14 1 11,400
883 0.1793
37 10.875 14 1 11,200
Ba3 0.1793
39.25 10 14 1 18,600
627.4 b.25 =
39.25 0 4 1 12,200
639.4 D.25 *

Impact
Angle from
Roadway

{degrees) ]
s i ol ol e o o o ol o o i ool o e ool o ol ol o ol il i o

EL

30

a0

Enclosure 1, page 1 of 2

Test Veh.
TyRe and
Weight
Tbs

' 19 HUNUA
1865

‘79 HONDA
1885

'79 HONDA
taso

'79 HONDA
1840

Impact
speed
[m.p.h.)

19.9

93.9

2.7

Occupant
Change in
Velocity
(fep.s.)

8.5

12.4

13.0

8.6

e it de i e el il e i okl ol e e e e ke e e e e e e e e e e ke o e ek e e e ol ke e e e e e e el e e i ol o ok e sl s e ol e ol e ki e e

CAFABILITY

TESTS - FOIL

87F033
MAR 12,87

a7F034
MAR 13,'87

YALMONT SLIP BASE

1.33 AND 16
115 AND 112

1.33 AND 16
115 AND 112

48.5
630

48.5
630

55.5
964

55.5
964

10
0.1793

o
0.1793

14

I

1 12,500

1 12,500

0.0359

0.0359

FOIL BOGIE
1850

FOIL BOGIE
1850

19.8

58.7

14.5

15.5

ey e et d ey s de e e el e e ok e s b o s e e e e e e e ek e ey el e de il e de dedede sk de e e e e et e el de e s e e e el ool oo e de ol e e deiede i i ek ol e dele e e e et

THIN WALL

TESTS - FOIL

89F023
SEP 21,'89

BIFD24
SEP 27,'89

89F025
0T 5,'89

B9F026
oCT 24,'89

1.33 AND 15
120 AND 107

1.33 AND 15
120 AND 107

1.33 AND 15
120 AND T07

1.33 AND 15
120 AND 107

46.5833
415

46.5833
415

46.5833
415

46.5833
415

53.42
144

53.42
744

53.42
744

53.42
744

0
0.119%

L)
0.1196

1o
0. 1196

10
0.1196

14
14
4

4

1 12,500
1 12,500
1 12,500
1 12,500

0.0359

0.0359

0.0359

0.0359

FOIL BOGIE
1850

*79 RABBIT
1850

'79 RABBIT
1850

FOIL BOGIE
1850

24.4

15.8

13.2

13.7

SRR AR AR AR A SRR Ik ik ke e e i e e e e e e i e il e e S R e i Ao itk e i i A

Figure C-4. Eligibility Letter LS-16 - Page 4
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Agency Mastarm(s) Shaft Mounting Pole Diam. S51ip Base Clamp Est. Clamp Keeper Impact Test Yeh. Impact Occupant

Test Wo. weignt {rt) at base (1n)Bolt Circle Boit Bolt Force  Plate Angle trom Type and speed Change 1in
Date Length (ft) Length (ft) otal Wall Thick. Diameter Diameter 3 @ [1bs) ea Thickness Roadway Welight {m.p.h.) Velocity
Weight (#) Weight (F) Weight (#) at base (in) {in (in) [tn) (degrees) (1bs) (Fepe3:)

)
R L e
CLAMP FORCE STUDY - FOIL

89F005 Mone 30.29 None 7.5 4 1 1,965 0.0359 u FOIL BUGLE 20.b 6.5
APR 12,'89 215 275 0.1345 1850

89F006 . - - - - * 3,928 - 0 » 20.7 5.9
APR 19,'89 - . - "

B9F0Q7 " " b - * . 5,891 " '] " 20.7 8.3
APR 20,'88 " " - =

B9F 008 " " - - . - 7,614 - ] - 20.5 . 6.4
APR 24,89 " " " .

B9F009 " . - - * " 9,817 " 0 " 20.8 23.2
APR 25,'89 " " - .

89F010 * . " - " " 11,780 “ 0 " 20.7 20.6
APR 26,89 " " - -

BIFO1 " . " " " . 9.817 " 0 " 20.5 1.7
m zﬁ‘lﬂg L] ] ] L]

asFie - - - - " " 11,780 - 0 " 20.6 36.9 &+
APR 27,89 . . . .

89F014 " * b " " " 13,743 . 0 - 20.4 22.7
MAY 19,'89 . - " *

BIFOI5 " " - " " . 7,614 . 0 - 20.5 14.8
MAY 24,83 b - " -

R9FD16 - - - - . " 15,808 " 1] - 20.4 18.2
MAY 25,'89 " . " -

B9F0N7 " " " " " * 5,891 * ] " 20.6 21.4
m"- 3] . Iug [ ] L] L] L}

* A 2-foot high steel tube with 0.25 n. wall thickness was welded to the bottom of a 33 foot tall pole which had a wall thickness of 0.1196 1in.

Ak e e e R e e ol b oo ke ok e e o e ok o o e e oo i i o o i i i i e i e i e e e de e de e i okl b ok

Figure C-5. Eligibility Letter LS-16 - Page 5
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Agency Mastarm(s) Shaft Mounting Pole Diam. 51ip Base Clamp Est. Clamp  Keeper Impact Test Veh. Impact Occupant

Test Mo. Height (ft) at base (in)Bolt Circle Bolt Bolt Force Plate Angle from Type and speed Change in
Date  Length (ft) Length (ft) ?Util Wall Thick. Diameter  Diameter 3 ¥ (1bs) ea Thickness  Roadway Welight [m.p.h.) Velocity
Weight (#] Weight (#) Weight (#) at base (in)  (in) (in) (in) (degrees) {1bs) (f.p.s.)

e iyt o o ool o e el s e e o e ok oo oo e e e e ol ol ok e e e e e o ol vkl o e iy o ool ol e ol ol e e e ool ol ol ol oo ol ol s o e e e el i ik

KEEPER PLATE STUDY - FOIL

90P023 None 30.83 Nane 10.0 14 1 12,500 0.0359 L} FOIL PNDLM 19.9 25.9
4724790 Hone 486 486 0.1792 1850

20P024 - " - = " . " HOME . ' - 19.8 8.8
4/25/90 L} [ L] L] ] .

90POES - b - = - - - HONE " - 19.8 13.2
#‘;25‘;” - " L] L] L]

90P026 - - " " b - " NONE - . 19.9 1.1
4/26/90 L} L L] L] -

90P027 " " - " L L " 0.0149 “ - 20 16.9
1."251’% L] L] . L] L] -

90P028 . " . . " " " 0.0149 . - 19.8 35 #=

5/1/90 " . . . .

90P029 " - " " - = 3,600 0.0743 - - 20 5.0

5/2/90 " v . . “

90P032 " " " " " " 3,600 0.0149 - * 20 7
5/30/90 " " " . *

90P033 " . " - " " 3,600 0.1049 . - 20 6.4
5/31/90 - - " " "

90P034 " " . . " 5 9,000 0.0149 . « 7 20 n.e
5"3‘;w L] L] L] L] -

0P035 " " " " " " 9,000 0.0149 . " 20 35.4 ww
6/05/90 " " " " . . :

90PD36 - - . " . . 8,000 0.0149 " " 20 17.7
6/06/90 L] ] L] L] L]

** yalue includes rebound, Tthis exceeds 1mpact speed.

Figure C-6. Eligibility Letter LS-16 - Page 6
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L L5-1¢. Addenclun

(L Memorandum

L3, Department
aof Transparhation

Fadaral Highway

Administration Wishington, D.C. 20590
Subject Slip-Base Lmmimaire Supports Dt JAN 2 8 199
Reply la
P Chief, Federal-Aid and Design Divisiom At ol HNG-14
e omal Federal Hi Adnini straters
Federal Lamds Highway am Adnini strater

Qur July 6, 1990, memwrandum "Breakaway Sign and Lumimnaire Snprorts, "'
transmitted a sketch titled "Luminaire Slip-Base Orientation.” This sketch
illustrated three ways that the tri ar slip-base could be welded to the
le with respect to orientation of the mast arm These were shown in
ecreasing order of preference with respect to crashworthiness. W have had
tions re ing the middle sketch, which showed am acce le se
msutin ﬁr:ﬂtﬁ far side of the triangular slip-base uspt;:rllm:d
traffic. Alt our mesprandum did wot address the sitvation where the
orientation of the triamgular slip-base is swch that the pear side is parallel
to traffic, it is am acceptable, though less desirable, conpromise. A revised
zpy of that sketch is attached-to show that traffic -¥ pass to either side
a slip-base where ome face is parallel to the edge of the road.

7 Ll

L. A Staron
Attachnent

Figure C-9. Eligibility Letter LS-16 - Page 9
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Attackment
Luminaire Slip Base Oriemtation

Best Breakaway

Performmance,
D)) feceatatle
Direction
of Adjacenmt
i Traffic

} C‘ CCTIIiiii

Preferred Compromise to aveid Less desirable compromise,

Indesirable oriemtation, Arceptable Acceptable
..-'A\'\
[
:-";l My
Location of [
Location of ]
H |
Adjacent Traffic Adjacent Traffic ) P
i r
B N

Wrst Breakaway

Performance,
Not  Recommended

Direction
' of Adjacent
Traffic
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US. Department

of Tonsporiation mmmgd.sigw

Faderal Highway : _

A Refer to: HHG-14
SEP 30 1993

Dennis H. O'Brien, P.E.

Manager of Product Planning

Industrial & Construction Products Division
Valmont Industries, Inc.

Yalley, Nebraska E8064-0358

Dear Mr. O'Brien:

Thank you for your letter of September 2 reguesting clarification of
acceptable mounting heights for breakaway luminaire supports. In general,
dimensions such as mounting height, pole diameter and mass, bolt size and

torque, should not exceed those of the tested hardware. We place these
lTimitations in our hardware acceptance Tetters to assure that the hardware

used in the field is no less forgiving of the errant motorist than the
hardware used in the crash tests. In our memorandum of June 15, 1989, to the
Federal Highway Regional Admimistrator in Portland, Oregon, where we discussed
Tuminaire support recommendations, however, we stated:

"... the advice is not nearly as forceful on the issue of height as it
is on the need to 1imit weight. After considering the likely effect of
a 60-foot pole in comparison to a S5-foot pole, we conclude there would
be 1ittle difference for an impacting vehicle. Therefore, we would
recommend allowing 60-foot mounting heights (base of pole to level of
Tuminaire.) However, we also believe this should be considered an
absolute maximum in the absence of further study and testing to
investigate the effects of pole height and weight.”

We still balieve this to be sound advice, even under the 1985 American
Azsnciation of State Highway and Transportation Officials hreakaway criteria.
Therefore, Tuminaire supports which are considered breakaway by way of our
Geometric and Roadside Design Acceptance letters LS-16 and L5-25 dated

June 29, 1990, and October 10, 1991, respectively may use a nominal mounting
height of up to 18.3 m (60 feet) as requested in your letter.

You also wished to alert us to the need for increasing the pole wall thickness
when the height is raised. This causes us some concern, as the crash tested
hardware found acceptable by way of L5-25 weighed 409 kg (802 pounds) This
approaches the 454 kg (1000-pound) maximum mass we have set for breakaway
Tuminaire supports to control the risk to vehicle occupants from a pole's

Figure C-11. Eligibility Letter LS-16 - Page 11
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falling on a vehicle's roof. W will not sanction pole plus mast arm plus
luninaire mmsses in excess of 454 kg (1000 pounds) without automobile crash
tests to confirm their acceptability.

Sincerely yours,

B A, sreenr

Lawrence A. Staron
Chief, Federal-Aid and Design Division

Supplenent to Geometric and Roadside Design Acceptamce Letters
LS-16 and LS-25

Figure C-12. Eligibility Letter LS-16 - Page 12

265



December 18, 2025
MwRSF Report No. TRP-03-481-25

Appendix D. Detailed Simulation Results

266



L9T

Max. Roll Rided
. Impact Occupant and Pitch | OIV [fus] idedown Potential
Pole | Height [fi] <P016, Mast | Breakaway 'Pole Weight MASH Desig. Impaf:t Angle | Pole Failure Mechanism | Compartment Angle [P: 10ft/s; Ace. [g] | Simulation Results | to Pass
Dimensions | Arm | Base Type | Thickness [Ib] Location . Max: 16 fi/s [P: 15g
(Degree) Deformation (Degree) ax: 16 fi/s] Max2049g] MASH
[Max: 75°]
Keeper Plate Rupture, o . Roll: | 0.36 [Long.:|-2.76 | Long.:|-0.39 g . .
Left 1/4 0 Bolt Release CPillar: 110 o i -1.45] Lat: [0.14] Lat: [0.82] CPllr:lTin | High
Keeper Plate Rupture, I . | Roll: [ -0.41 [Long.:[-2.62 | Long.: [ -0.39 L . .
5 Bolt Release C Pillar: 1.7i0. 1ot 1.03] Lat: [ 0.14 | Lat: [0.63] C Piarllin | High
Keeper Plate Rupture, . . Roll: | -0.79 [Long.:[-3.01 | Long.:| -0.26 . .
Conter 0 Bolt Release Roof0.38 in- 154 120,26 Lat: [ 0.05 ] Lat: [ror| 1oob0-38in | High
MASH 3-60 Keeper Plate Rupture, N . Roll: | 1.10 [Long.:[-3.18|Long.:| 0.50 . .
25 Roof: 4.14 in. - Roof: 4.14 in.
! " . .| 4-Bolt Slip Bolt Release Pitch:| -2.09 | Lat.: [ 0.03 [ Lat.: | 0.54
20 20 6.5"Base | Single 4 Base g | 2220 0 Keeper Plate Rupture, None Roll: | 0.27 |[Long.:[-2.77 [Long.:| 0.07| No occupant High
Right 1/4 Bolt Release Pitch:| -0.20 [ Lat.: [ 0.09 | Lat.: |-0.09| compartment def.
25 Keeper Plate Rupture, None Roll: | -0.39 |Long.:|-2.92|Long.:| -0.07| No occupant High
Bolt Release Pitch:| -0.19 | Lat.: [-0.04| Lat.: | 0.09 | compartment def.
Keeper Plate Rupture, Roll: [ -2.50 |Long.:|-5.57 [Long.:[ 0.27 | No occupant .
MASH 3-61] Center 0 Bolt Release None Pitch:| -0.58 [ Lat.: [ 0.29 | Lat.: |-0.24| compartment def. High
Keeper Plate Rupture, Roll: | -0.55 |Long.:|-4.41 [Long.:[-0.16| No occupant .
MASH 3-62 | Center 0 Bolt Release None Pitch:| 2.06 [ Lat.: | 0.13 | Lat.: [-0.22| compartment def. High

Figure D-1. Detailed Simulation Results, Simulation Number 20
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Max. Roll )
. Impact Occupant and Pitch OIV [fUs] Ridedown Potential
Pole Height [ft] DinI:(;lei N Mast Arm BBreak;way T'hr(l)(l: W[?ﬁht MASH Desig. lepzﬁn Angle | Pole Failure Mechanism | Compartment Angle [P: 10ft/s; '?;cls[g] Simulation Results| to Pass
ensions ase Type ckness ocatio (Degree) Deformation (Degree) | Max: 16 1Us] Max;zo’_ig] MASH
[Max: 75°]
0 Keeper Plate Rupture, Rear Window: | Roll: | -0.15 [Long.: | -3.01 | Long.: | 0.79 | Rear Window: Medi
Bolt Release 2.79 in. Pitch: | -2.15| Lat.: | 0.04 | Lat.: | 0.07 2.79 in. caim
MASH 3-60 | Center
25 Keeper Plate Rupture, Roof: 4.04 in Roll: | 0.21 |Long.:|-3.03 | Long.: | 0.31 Roof: 4.04 in
| , ., | 4-Bolt Slip Bolt Release o " |Pitch: | -1.33 | Lat.: | 0.03 | Lat.: | 0.18 U i
21 20 6.5" Base | Dual 4 11 ga. 3121b
Base MASH 3-61 | Center 0 Keeper Plate Rupture, None Roll: | 0.30 | Long.: | -5.44| Long.: | 0.22| No occupant Hich
Bolt Release Pitch: | -2.03 | Lat.: | 0.65| Lat: | 0.29| compartment def. e
Keeper Plate Rupture, Roll: | -3.88 | Long.:| -4.34 | Long.: | -0.18 |  No occupant .
MASH 3-62 | Center 0 Bolt Release None Pitch: | 1.72 | Lat.: | 0.06 | Lat.: | 0.22 | compartment def. High
Figure D-2. Detailed Simulation Results, Simulation Number 21
Max. Roll Rided
. Impact Occupant and Pitch o1V [fts] 1dedown Potential
Pole Height [ft] . Polg Mast Arm Breakaway ?ole Weight MASH Desig. fmp gct Angle | Pole Failure Mechanism | Compartment Angle [P: 10ft/s; Ace.[g] | Simulation Results| to Pass
Dimensions Base Type | Thickness [1b] Location . Max: 16 ft/: [P: 15g;
(Degree) Deformation (Degree) ax: 16 8US] | x20.49g] MASH
[Max: 75°]
0 Keeper Plate Rupture, Roof: 6.07 in. Boll: 1.54 | Long.: | -3.47 | Long.: | -0.43 Roof: 6.07 in.
Bolt Release Pitch: | -1.59| Lat.: | 0.02 | Lat.: |-0.60
MASH 3-60 | Center
Keeper Plate Rupture, . Roll: | 0.19 | Long.: | -3.39 | Long.: | 0.47 .
. 25 Roof: 8.31 in. - Roof: 8.31 in.
. 4-Bolt Slip Bolt Release Pitch: |-1.62 | Lat.: | 0.03 | Lat.: | 0.53
22 20 7" Base |[Single 10" 11 ga. 261 1b
Base MASH 3-61 | Center 0 Keeper Plate Rupture, None Roll: | 1.11 | Long.: | -5.55 | Long: | -0.24 No occupant Hich
Bolt Release Pitch: | 3.91| Lat.. | 0.59 | Lat.: | 0.30 | compartment def. ¢
Keeper Plate Rupture, Roll: | -0.54 | Long.: | -4.52 | Long: | -0.22 No occupant .
MASH 3-62 | Center 0 Bolt Release None Pitch: | 0.62 | Lat.: | 0.04 | Lat: |-0.21| compartment def. High

Figure D-3. Detailed Simulation Results, Simulation Number 22
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Max. Roll )
. Impact Occupant and Pitch OIV [fU/s Ridedown Potential
. Pol Break Pol Weight .| Impact . . [fvs] N
Pole Height [ft] Rk ° e' Mast Arm| — coaway R o et InASH Desig. mpaf; Angle | Pole Failure Mechanism | Compartment Angle  |[P: 10fts; Max: Ace.[g]Igimulation Results| to Pass
Dimensions Base Type | Thickness [1b] Location . 16 fi's [P: 15g;
(Degree) Deformation (Degree) 51 Max:20.49] MASH
[Max: 75°]
Roll: | 0.41 | Long.: | -3.81 | Long.: | 0.27
0 Keeper Plate Rupture, None .0 ong. ong. No occupant High
Left 1/4 Bolt Release Pitch: | -0.41 | Lat.: | 0.10 | Lat. |-0.51 | compartment def.
Keeper Plate Rupture, S .| Roll: |-0.41 | Long.: | -3.10 | Long.: | -0.84 o . .
» Bolt Release A-Pillar: 0.19'in. b 1037 | Lat: | 012 | Lat.: | 01 | - Fillar: 0-19in. | High
K Plate Rupti N . Roll: |-0.20| Long:: | -3.46 | Long.: | 0.67 N .
0 eeper clate Rupture, Roof: 6.07 in. [~ L ong Roof: 6.07 in.
Bolt Release Pitch: | -2.77| Lat.: | 0.02 | Lat: |-0.27
MASH 3-60 | Center
25 Keeper Plate Rupture, Roof: 1.59 in Roll: | 1.82 | Long.: | -3.34 | Long.: | -0.87 Roof: 159 in Hich
Bolt Release o " |Pitch: | -0.80| Lat.: | 0.02 | Lat.: |-1.02 Y i g
0 Keeper Plate Rupture, None Soll: 0.30 | Long.: | -3.06 | Long.: | -0.20 No occupant High
Richt 1/4 Bolt Release Pitch: |-0.50 | Lat.: | 0.11 | Lat.: | 0.61 | compartment def.
& 25 Keeper Plate Rupture, None Roll: |-0.41| Long.:|-3.04 | Long: | -0.08 | No occupant Hich
Bolt Release Pitch: | -0.21| Lat.: |-0.09 | Lat.: | 0.11 | compartment def. ¢
Roll: |-0.99 | Long.: | -5.88 | Long.: | -0.17
0 Keeper Plate Rupture, None .0 ong. ong. No occupant High
Left 1/4 Bolt Release Pitch: | -0.58 | Lat.: | 1.63 | Lat. | 0.44 | compartment def.
25 Keeper Plate Rupture, None Roll: |-0.57 | Long.: | -5.28 | Long.: | -0.17 |  No occupant Hich
Bolt Release Pitch: | -0.53 | Lat.: | 0.04 | Lat: | 0.20 | compartment def. g
0 Keeper Plate Rupture, None Roll: | 0.33 | Long.: | -5.67 | Long.: | -0.25 No occupant High
4-bolt Sli Pitch: | -0.99| Lat.: | 0.58 | Lat.: | 0.30 )
23 20 7" Base | Dual 10' OUSIP 1 1ga | 3811b | MASH3-61 | Center Bolt Release 1o a 2 compartment def.
Base 25 Keeper Plate Rupture, None Roll: | 0.64 | Long.: | -5.88 | Long.: | -0.22 No occupant Hich
Bolt Release Pitch: | 1.06 | Lat.: | 1.47 | Lat: | 0.36 | compartment def. e
0 Keeper Plate Rupture, None Boll: -1.00 | Long.: | -6.16 | Long.: | 0.29 |  No occupant High
Richt 1/4 Bolt Release Pitch: | 1.58 | Lat.: | -0.72| Lat.: |-0.37 | compartment def.
e 25 Keeper Plate Rupture, None Roll: | 1.57 | Long.: | -5.96 | Long.: | 0.37 | No occupant Hich
Bolt Release Pitch: | 1.40 | Lat.: |-0.54 | Lat.: |-0.41 | compartment def. €
Roll: | 2. Long.: | 4. Long.: | -0.1 .
0 Keeper Plate Rupture, None o 76 | Long, 33 | Long: |-0.17 | No occupant High
Left 1/4 Bolt Release Pitch: | 2.34 | Lat. | 0.94 | Lat.: |-0.32 | compartment def.
25 Keeper Plate Rupture, None Roll: |-1.61 | Long.: | -4.10 | Long.: | -0.19 |  No occupant Hich
Bolt Release Pitch: | 0.57 | Lat.: | 0.68 | Lat.: | 0.23 | compartment def. e
0 Keeper Plate Rupture, None 3011: -2.77 | Long.: | 4.53 | Long.: | -0.18 | No occupant High
Bolt Release Pitch: | -2.46 | Lat.. | 0.03 | Lat. |-0.27 | compartment def.
MASH 3-62 | Center
25 Keeper Plate Rupture, None Roll: |-0.47 | Long.: | -4.39 | Long.: | -0.21 |  No occupant Hich
Bolt Release Pitch: | 0.70 | Lat.: | 0.19 | Lat: |-0.24 | compartment def. €
Roll: | 1.47 | Long.: | -4. Long.: | -0.2. .
0 Keeper Plate Rupture, None .0 7 | Long. 30 | Long: | -0.23 | No occupant High
Richt 1/4 Bolt Release Pitch: | -1.51| Lat.: |-0.69 | Lat.: | 0.41 | compartment def.
g 25 Keeper Plate Rupture, None Roll: | 1.77 | Long.: | -4.27 | Long.: | -0.18 |  No occupant Hich
Bolt Release Pitch: | -0.78 | Lat.: |-0.51| Lat.: | 0.41 | compartment def. g

Figure D-4. Detailed Simulation Results, Simulation Number 23
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Max. Roll Rided
. Impact Occupant and Pitch | OV [fus] idedown Potential
. Pol M Break: Pol .| I . . . .
Pole | Height[fi] | . OC ast reakaway | Fol Weight 1\ asn Desig. mpact Angle | Pole Failure Mechanism | Compartment | Angle m:tofs; | S (8] |Simulation Results| to Pass
Dimensions | Arm | Base Type | Thickness | [Ib] Location . Max: 16 fu/s] [P: 15g
(Degree) Deformation | (Degree) ax | Max20.49¢) MASH
[Max: 75°]
0 Keeper Plate Rupture, None Roll: 0.37 |Long.:|-3.36[Long.:] 0.07 | No occupant High
Left 1/4 Bolt Release Pitch:|-0.37[ Lat.: | 0.14 | Lat.: [ 0.10 [ compartment def.
25 Keeper Plate Rupture, None Roll: |-0.36|Long.:|-2.99[Long.:| -0.09] No occupant High
Bolt Release Pitch:|-0.37[ Lat.: | 0.11 | Lat.: [-0.09[ compartment def.
0 Keeper Plate Rupture, Roof 2.14 in. goﬂ: 0.54 |Long.:[-3.57[Long.:| -0.55 Roof 214 in. | Medium
MASH 3-60 | Center Bolt Release Pitch:|-0.87[ Lat.: | 0.04 | Lat.: [-0.20
25 Keeper Plate Rupture, | Roof 3.55 in. | Roll: [ 0.58 |Long.:|-3.51 |Long.:|-0.93| Roof:3.55 in. Medium
30 30 7.5" Base | Single 4 4-Bolt Slip 1 300 b Bolt Release FW:2.90 in. [Pitch:|-0.76] Lat.: | 0.00 [ Lat.: [0.43 | FW:2.90 in.
’ Base & 0 Keeper Plate Rupture, None Roll: | 0.35 |Long.:[-3.58 [Long.:| 0.09 | No occupant High
Right 1/4 Bolt Release Pitch:[ 0.19 | Lat.: | 0.16 | Lat.: | 0.12 [ compartment def.
25 Keeper Plate Rupture, None Roll: [ 0.28 [Long.:[-3.09|Long.:|-0.10f No occupant High
Bolt Release Pitch:[-0.19| Lat.: | 0.08 | Lat.: | 0.12 [ compartment def.
Keeper Plate Rupture, Roll: [-0.78[Long.:[-6.26 | Long.:|-0.25| No occupant .
MASH 3-61 ] Center 0 Bolt Release None Pitch:[-0.78| Lat.: | 0.64 | Lat.: | 0.33 [ compartment def. High
Keeper Plate Rupture, Roll: [-0.55[Long.:[-4.49|Long.:|-0.19| No occupant .
MASH 3-62 | Center 0 Bolt Release None Pitch:| 0.59 [ Lat.: | 0.14 | Lat.: | 0.23 [ compartment def. High
Figure D-5. Detailed Simulation Results, Simulation Number 30
Max. Roll Rided
. Impact Occupant and Pitch | OIV [fi/s] [P: 1dedown Potential
Pole Height [ft] Dinf;ll;om Mast Arm ]]33;11(;‘”2, Thi?(ljeqq W[T;g]ht MASH Desig. I};Tcll; ?i:n Angle | Pole Failure Mechanism | Compartment Angle s, Max: | 2 ][Sg!_ (P* |Simulation Results| to Pass
T se 2P h (Degree) Deformation (Degree) 16 fs] Max:zos;‘gg] MASH
[Max: 75°]
0 Keeper Plate Rupture, Roof 2.57 in. R.ollz -0.20 | Long.: | -3.80 | Long.: | -0.08 Roof 2.57in. | Medium
MASH 3-60 | Center Bolt Release Pitch:| -0.78 | Lat.: | 0.02 | Lat.: |-0.08
25 Keeper Plate Rupture, Roof: 3.90 in. | Roll: | 0.15 |Long.:|-3.48 | Long.: | -0.70 | Roof: 3.90 in. -
31 30 75" Base | Dual 4 4-Bolt Slip I ga 390 b Bolt Release FW:3.50 in. |Pitch:| -0.60 | Lat.: |-0.01 | Lat.: | 0.20 FW: 3.50 in.
Base MASH 3-61 | Center 0 Keeper Plate Rupture, None Roll: | 0.61 |Long.:|-6.37 | Long:| 0.22 | No occupant Hich
Bolt Release Pitch:| -0.86 | Lat.: | 0.35 | Lat.: | 0.41 | compartment def. g
Keeper Plate Rupture, Roll: | -0.89 | Long.: | -4.53 | Long.: | -0.17 No occupant .
MASH 3-62 | Center | 0 Bolt Release None Pitch:| 4.74 | Lat. | 0.11 | Lat: |-030] compartment def. | 12

Figure D-6. Detailed Simulation Results, Simulation Number 31
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Max. Roll

Ridedown

. Impact Occupant and Pitch | OIV [ft Potential
A Pole Mast | Break Pole | Weight | Tmpact A 4 Lfts] deo 0
Pole | Height[ff] | .. . axaway | rolke cight |1 AsH Desig| P2 | Angle |Pole Failure Mechanism | Compartment Angle s 1ors; |2 (81 1P |Simulation Results| to Pass
Dimensions | Arm | Base Type | Thickness [Ib] Location . 16 fi 15
(Degree) Deformation | (Degree) | Max: 16 fts] Max20 49g] MASH
[Max: 75°]
0 Keeper Plate Rupture, None Roll: | 0.38 |Long.:|-3.32|Long.:|-0.09] No occupant Hich
Left 1/4 Bolt Release Pitch:|-0.37 [ Lat.: | 0.15 | Lat.: |-0.08 [compartment def e
25 Keeper Plate Rupture, None Roll: |-0.37 |Long.:|-3.34 | Long.:| -0.08] No occupant High
Bolt Release Pitch:[-0.35| Lat.: [ 0.10 | Lat.: |-0.07| compartment def.
K Plate Rupts . HES .:|-3. .:[ 0. . .
4ol Sii 0 eep];;h 1];15 UPIIS, | Roof 6.79 in. ]fit‘:}l] 11 7386 LL":tg 030521 LL";g 823 Roof: 6.79 in.
. - ease ;| -1 .| 0. . [-0.
34-1 30' 8"Base [Single 10 olt Stip 11 ga. 3491b | MASH 3-60 | Center
Base 25 Keeper Plate Rupture, Roof 8.28 in Roll: | 0.44 |Long.:|-3.71 | Long.:[-0.70 Roof 8.28 in
Bolt Release o " |Pitch:|-2.30| Lat.: | 0.03 | Lat.: [-0.30 A' )
0 Keeper Plate Rupture, None Roll: | 0.32 |Long.:|-3.37 |Long.:| 0.08 | No occupant High
Rioht 1/4 Bolt Release Pitch:| -0.19| Lat.: | 0.11 | Lat.: | 0.15 [compartment def.
igh 25 Keeper Plate Rupture, N Roll: | -0.51 |Long.:|-3.25 | Long.:| 0.10 | No occupant i
Bolt Release one Pitch:| -0.20 | Lat.: [-0.02| Lat.: | 0.11 [compartment def. igh
Figure D-7. Detailed Simulation Results, Simulation Number 34-1
Max. Roll Rided
. Impact Occupant and Pitch | OLV [fvs] [p: 1dedown Potential
Pole | Height [ft] | .. Pol§ Mast Arm| Breakaway F’ole Weight MASH Desig. fmp act Angle | Pole Failure Mechanism | Compartment Angle 1ofs: Max: | A% 181 [P | Simulation Results| to Pass
Dimensions Base Type | Thickness [1b] Location . 6 fi/s 15g
(Degree) Deformation (Degree) 16 fi/s] Max:20 49g] MASH
[Max: 75°]
0 Keeper Plate Rupture, Roof 1.98 in Roll: | 0.19 | Long.: | -3.60 | Long.: | -0.78 Roof: 1.9 in Hich
: N | 4-Bolt Slip Bolt Release o " |Pitch:| -0.62 | Lat.: | 0.04 | Lat: | 0.18 o ) g
34-2 30! 8" Base | Dual 10 11 ga. 468 1b | MASH 3-60 | Center
Base Keeper Plate Rupture, o Roll: | 0.79 |Long.: | -3.68 | Long.: | -0.53 o .
25 Front Windshield: 0.50 [— Front Windshield: 0.50 ngh
Bolt Release Pitch:| 0.59 | Lat.: | 0.02 | Lat.: |-0.36
Figure D-8. Detailed Simulation Results, Simulation Number 34-2
Max. Roll Rided
. Impact Occupant and Pitch | OIV [ft/s] [p: 1dedown Potential
) Pol B ) . . [fVs] P:
Pole Height [ft] Dime(il:ions Mast Arm Bl:;k—?waey Th})ccl‘(lx?ess W[el;ﬁht MASH Desig. Ij:;};??n Angle | Pole Failure Mechanism | Compartment Angle 10ft/s;  Max: "?:C]S[g] Simulation Results| to Pass
P 11 (Degree) Deformation (Degree) 16 fi/s] Max:‘ZO.fé o MASH
[Max: 75°]
0 Keeper Plate Rupture, Roof: 7.77 in. Rf)ll: 1.27 |Long.:|-3.85 | Long.: | -1.00 Roof 7.77 in.
MASH 3-60 | Center Bolt Release Pitch: | -1.68 | Lat.: | 0.01 | Lat.: | 0.66
25 Keeper Plate Rupture, Roof: 8.40 i Roll: | 0.93 |Long.: | -3.74 | Long.: | -0.72 Roof 8.40
. 20 0.5 Base |Single 20 4BOUSID | Bolt Release OOF SV Thich | 231 | Lat: | 003 | Lat: [ 042 o0n oAU
’ e Base g MASH 3-61 | Center 0 Keeper Plate Rupture, None Roll: | 1.04 |Long: | -6.82 | Long.: | 0.31 No occupant Hich
Bolt Release Pitch:| 0.93 | Lat. | 0.52 | Lat: | 0.36 | compartment def. '€
Keeper Plate Rupture, Roll: | 1.02 |Long.:|-4.60 | Long.: | -0.19| No occupant .
MASH 3-62 | Center 0 Bolt Release None Pitch:| 2.13 | Lat: | 0.19 | Lat.: |-0.26 | compartment def. High

Figure D-9. Detailed Simulation Results, Simulation Number 32
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Max. Roll

. Impact Occupant and Pitch | OIV [fu/s] [p: Ridedown Potential
. Pol Break Pol Weight .| Tmpact . . [ft/s] (P: B
Pole Height [ft] . ° e, Mast Arm| o Coraway . ol et I hASH Desig. mpgc Angle | Pole Failure Mechanism | Compartment Angle 10fs; Max: 16 Ace. [g] [P |§imuylation Results| to Pass
Dimensions Base Type | Thickness [1b] Location . s 15g;
(Degree) Deformation (Degree) /s] Max:20.49¢] MASH
[Max: 75°]
Roll: | 0.38 | Long.: | -3.40 | Long.: | 0.07
0 Keeper Plate Rupture, None _o ong. ong No occupant High
Left 1/4 Bolt Release Pitch:|-0.36 | Lat. | 0.13 | Lat: |-0.10 | compartment def.
25 Keeper Plate Rupture, None Roll: | 0.45 | Long.: | -4.76 | Long.: | -0.13|  No occupant Hich
Bolt Release Pitch:| -0.36 | Lat.: | -0.05| Lat.: | 0.20 | compartment def. £
. Roll: | 0.09 | Long.: | -3.74 | Long.: | -0.35 . .
o | Keeper Plate Rupture, 1| g op 3354y (R0 ong e Roof: 3.35 in. | Medium
Bolt Release Pitch:| 0.67 | Lat.: | 0.03 | Lat: |-0.18
MASH 3-60 | Center
25 Keeper Plate Rupture, Roof: 0.97 in. Roll: [-0.24 | Long.: | -3.82 | Long.: | -0.31 Roof: 0.97 in Hich
Bolt Release o " |Pitch:|-0.68 | Lat.: | 0.01 | Lat.: | 0.40 U i} &
Roll: | 0. Long.: | -3.76 | Long.: | 0.12 .
0 Keeper Plate Rupture, None »0 0.33 | Long.: | -3.76 | Long.: | 0. No occupant High
Richt 1/4 Bolt Release Pitch: | -0.18 | Lat.: | 0.16 | Lat.: | 0.11 | compartment def.
g 25 Keeper Plate Rupture, None Roll: | -0.49 | Long.: | -3.43 | Long.: | 0.12 No occupant Hich
Bolt Release Pitch: | -0.19| Lat.: |-0.13 | Lat.: |-0.13 | compartment def. &
Roll: | 2.75 | Long.: | -7.33 | Long.: | -0.26 .
0 Keeper Plate Rupture, None ‘o ong. ong. No occupant High
Left /4 Bolt Release Pitch:| 1.17 | Lat. | 1.05 | Lat.: | 0.66 | compartment def.
25 Keeper Plate Rupture, None Roll: | 1.68 | Long.:|-7.84 | Long.: | -0.35| No occupant Hich
Bolt Release Pitch:| 0.76 | Lat.: | 0.63 | Lat: | 0.64 | compartment def. €
Roll: | 1. Long.: | -6. Long.: | 0.22 .
4-bolt Sl 0 Keepgr;:l;ti e None Pi::h 05786 f;g (? 217 Lo;g g 34 . Ofcup?‘llt g | Hieh
33 30" 8.5" Base | Dual 20' P | 11ga | 3811b | MASH3-61 | Center o1 Reease = R < | 727 | Compariment ¢et.
Base 25 Keeper Plate Rupture, None Roll: | 0.39 |Long.:|-7.22 | Long.: | 0.27 No occupant Hich
Bolt Release Pitch: | -5.34| Lat.: | 0.57 | Lat: | 0.37 | compartment def. e
0 Keeper Plate Rupture, None R_oll: 1.86 | Long.: | -7.94 | Long.: | -0.38 No occupant High
Richt 1/4 Bolt Release Pitch: | -0.35 | Lat.: | 0.06 | Lat.: |-0.50 | compartment def.
g 25 Keeper Plate Rupture, None Roll: | 0.65 | Long.: | -6.78 | Long.: | -0.31 No occupant Hich
Bolt Release Pitch: | 3.73 | Lat.: |-0.16 | Lat.: | 0.34 | compartment def. €
0 Keeper Plate Rupture, None Roll: -0.69 | Long.: | -4.63 | Long.: | -0.24 |  No occupant High
Left 1/4 Bolt Release Pitch:| 0.67 | Lat.: | 1.10 | Lat.: |-0.31| compartment def.
25 Keeper Plate Rupture, None Roll: | -0.56 | Long.: | 4.56 | Long.: | -0.26 |  No occupant Hich
Bolt Release Pitch:| 1.15 | Lat.: | 1.07 | Lat.: |-0.28 | compartment def. e
0 Keeper Plate Rupture, None R_oll: -0.99 | Long.: | -4.64 | Long.: | -0.21 | No occupant High
Bolt Release Pitch:|-3.71 | Lat: | 0.15 | Lat: |-0.26 | compartment def.
MASH 3-62 | Center
25 Keeper Plate Rupture, None Roll: | 0.67 | Long.: | -4.73 | Long.: | -0.25| No occupant High
Bolt Release Pitch:| 2.26 | Lat.: | 0.23 | Lat.: |-0.25 | compartment def.
0 Keeper Plate Rupture, None Roll: 0.99 |Long.: | -4.70 | Long.: | -0.20 |  No occupant | Hign
Richt 1/4 Bolt Release Pitch:| 0.62 | Lat.: |-1.01 | Lat: | 0.43 | compartment def.
8 25 Keeper Plate Rupture, None Roll: | 1.67 | Long.: | -4.72 | Long.: | -0.23 |  No occupant Hich
Bolt Release Pitch: | 145 | Lat: |-0.80 | Lat: | 048 | compartment def. |  ©

Figure D-10. Detailed Simulation Results, Simulation Number 33
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Max. Roll

Ridedown

. Impact Occupant and Pitch | OIV [fts] Potential
Pole | Height [f] | _. Pol§ Mast | Breakaway Pole Weight MASH Desig. Inpqct Angle | Pole Failure Mechanism | Compartment Angle w:tofs; | A% (8] |Simulation Results| to Pass
Dimensions | Arm | Base Type [ Thickness [ [Ib] Location . Max: 16 fi/s [P: 15g
(Degree) Deformation | (Degree) | Max16RAL | 0 oo MASH
[Max: 75°]
0 Keeper Plate Rupture, Nore Boﬂ: 0.35 [Long.:[-3.40|Long.:|-0.07| No occupant High
Left 1/4 Bolt Release Pitch:|-0.37| Lat.: | 0.11 | Lat.: | 0.09 | compartment def.
25 Keeper Plate Rupture, None Roll: | 0.47 |Long.:|-4.08 |Long.:[-0.14] No occupant High
Bolt Release Pitch:[-0.37( Lat.: | 0.08 | Lat.: |-0.09| compartment def.
0 Keeper Plate Rupture, Roof 3.64 in. Roﬂ: 0.23 [Long.:[-3.60 | Long.:|-0.06 Roof 3.64 in. | Medium
MASH 3-60 | Center Bolt Release Pitch:|-0.55| Lat.: | 0.04 | Lat.: |-0.11
: Keeper Plate Rupture, . Roll: | 0.25 |Long.:[-3.65|Long.:| -0.35 . .
. 25 Roof: 3.67 in. [— Roof: 3.67 in. [ Medium
35 35 "B Single 4 4-Bolt Slip 1 347 Bolt Release Pitch:[-0.79]| Lat.: [ 0.02 | Lat.: | 0.21
ase mgie Base . 0 Keeper Plate Rupture, None Roll: | 0.34 [Long.:|-3.62|Long.:[ 0.13 | No occupant High
Richt 1/4 Bolt Release Pitch:|-0.19] Lat.: | 0.13 | Lat.: [ 0.15 [ compartment def.
= 25 Keeper Plate Rupture, None Roll: | 0.30 [Long.:|-3.33|Long.:[ 0.09 | No occupant High
Bolt Release Pitch:|-0.18| Lat.: | 0.06 | Lat.: [ 0.14 [ compartment def.
Keeper Plate Rupture, Roll: | 0.37 [Long.:|-6.82|Long.:| 0.32| No occupant .
MASH3-61] Center | 0 Bolt Release None ok 3.38] Lat.: [0.92] Lat: -0.37] compartment def | 2"
Keeper Plate Rupture, Roll: | 1.14 [Long.:|-4.63 | Long.:[-0.18] No occupant .
MASH 3-62 | Center 0 None - H
Bolt Release Pitch:] 0.58 | Lat.: | 0.24 | Lat.: | 0.21 | compartment def ieh
Figure D-11. Detailed Simulation Results, Simulation Number 35
Max. Roll Rided
. Impact Occupant and Pitch | OIV [fs](p: | oo onn Potential
Pole Height [ft] D'nll)e‘;llse'ons Mast Arm ];f;k—z;waé/ Th})c(;(lx?ess W[e“ljg]hl MASH Desig. LI(:I;Z?((:)[n Angle | Pole Failure Mechanism | Compartment Angle 10ft/s;  Max: ‘?Pcclj[g] Simulation Results| to Pass
! ! P 11 (Degree) Deformation (Degree) 16fts] Max;-zo.i} o MASH
[Max: 75°]
0 Keeper Plate Rupture, Roof: 3.59 in. Koll: 0.06 |Long.: |-3.46 | Long.: | -0.07 Roof: 359 in. | Medium
Bolt Release Pitch:| 0.75 | Lat.: | 0.02 | Lat.: |-0.09
MASH 3-60 | Center
Keeper Plate Rupture, . Roll: | 0.65 |Long.: | -3.76 | Long.: | -0.48 . .
. 25 Roof: 1.88 in. - Roof: 1.88 in. High
\ " , | 4-Bolt Slip Bolt Release Pitch:| -0.47 | Lat: | 0.01 | Lat: |-0.35
36 35 8" Base Dual 4 11 ga. 437 1b
Base MASH 3-61 | Center 0 Keeper Plate Rupture, None Roll: | -0.40 | Long.:|-7.18 | Long.: | -0.34|  No occupant Hich
Bolt Release Pitch: | -0.98 | Lat.: | 0.20 | Lat.: | 0.38 | compartment def. g
Keeper Plate Rupture, Roll: | 0.55 | Long.:|-4.65 | Long.: | -0.18 | No occupant .
MASH 3-62 | Center 0 Bolt Release None Pitch:| 0.57 | Lat: | 0.09 | Lat.: |-0.28 | compartment def. High

Figure D-12. Detailed Simulation Results, Simulation Number 36
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Max. Roll

Ridedown

R Impact Occupant and Pitch | OIV [fus] Potential
. Pol Mast | Break: Polk Weight | t . . Ao .
Pole | Height [f] | .. 0% as reakaway 0% cigh MASH Desig. Hrpas Angle | Pole Failure Mechanism | Compartment Angle [P: 10ft/s; Ace. [g] [P Qinylation Results| to Pass
Dimensions | Arm | Base Type | Thickness | [Ib] Location . Max: 16 fi/s 15¢
(Degree) Deformation (Degree) ax: s Max20.49g] MASH
[Max: 75°]
Keeper Plate Rupture, Roll: | 0.36 [Long.:[-3.54|Long.:|-0.08| No occupant .
0 None - High
Lefi 14 Bolt Release Pitch:|-0.35 | Lat.: | 0.10 | Lat.: | 0.09 [ compartment def.
25 Keeper Plate Rupture, N Roll: | 0.43 [Long.:[-3.82|Long.:|-0.12] No occupant High
one
Bolt Release Pitch:|-0.36| Lat.: [ 0.08 | Lat.: | 0.16 | compartment def.
K Plate R . . Roll: | -0.48 |Long.:|-3.72 | Long.: |-0.84 . .
4-Bolt Slip 0 eep;r}tl];iti UPIIS, | Roofi4.54 in. P'Oh- g7§ IimgA ggz IimgA (())fl Roof: 4.54 in.
39-1 35 8.5"Base |Single 10" 11ga. | 3931 [MASH3-60| Center olt Release fehi 0.75 Lat.: | 0.02 ] Lat: 1 0.
Base 25 Keeper Plate Rupture, Roof 436 in Roll: [ 0.12 [Long.:[-3.95 | Long.:| -0.67 Roof 4.36 in
Bolt Release -~ |Pitch:|-0.93] Lat.: [ 0.01 | Lat.: | 0.31 T
Keeper Plate Rupture Roll: | 0.33 [Long.:[-3.62 | Long.:[-0.16] No occupant .
0 P pture, None P High
ot 14 Bolt Release Pitch:| 0.22 | Lat.: | 0.13 | Lat.: | 0.12 | compartment def.
Keeper Plate R]_]pture, Roll: |-0.35 Long.:|-3.45 [Long.:| 0.12 No occupant .
25 None High
Bolt Release Pitch:| -0.18 | Lat.: | 0.04 | Lat.: |-0.11|compartment def.
Figure D-13. Detailed Simulation Results, Simulation Number 39-1
Max. Roll .
. Impact Occupant and Pitch | OIV [fus] [p: Ridedown Potential
Pole Height [ft] Di POIC. _ |Mast Arm| I;reak—z;way Th?(;(le . W[el{ﬁht MASH Desig. lepf,Ct Angle | Pole Failure Mechanism | Compartment Angle 10ft/s; Max: ACC-][Sg]_ (P* | Simulation Results| to Pass
imensions ase Type ickness ocation (Degree) Deformation (Degree) 16 fs] Max:2§;49g] MASH
[Max: 75°]
. 0 Keeper Plate Rupture, Roof: 3.64 in. R.oll: 0.09 |Long.: | -3.68 | Long.: | -0.51 Roof 3.64 in. | Medium
4-Bolt Slip Bolt Release Pitch:| 0.46 | Lat.: | 0.01 | Lat: |-0.12
39-2 35 8.5" Base | Dual 10 11 ga. 5131b | MASH 3-60 | Center
Base 25 Keeper Plate Rupture, Roof 2.51 in Roll: | 0.22 | Long.:|-3.91 | Long.: | -0.35 Roof 2.51 in Medium
Bolt Release S " |Pitch:| 0.52 | Lat.: | 0.00 | Lat.: | 0.17 nT i
Figure D-14. Detailed Simulation Results, Simulation Number 39-2
Max. Roll X
. Impact Occupant and Pitch | OIV [fv/s] [p: Ridedown Potential
Pole | Height [ft] Dinl:(;lei s [Mast Arm ];reak;way Th??(lj W[T;)g]ht MASH Desig. LImpZCtn Angle | Pole Failure Mechanism | Compartment Angle | 10f/s;  Max: /?;Cls[g] Simulation Results| to Pass
ensions ase 2ype cxness ocatio (Degree) Deformation (Degree) 16 fus] Max;Z(;.fz)g] MASH
[Max: 75°]
0 Keeper Plate Rupture, Roof 3.12 in Roll: | -1.83 | Long.: | -3.92 | Long.: | 0.06 Roof: 3.12 in Medium
MASH 3-60 | Center Bolt Release Pitch: | -1.27 | Lat.: |-0.01| Lat.: | 0.09
Keeper Plate Rupture, N . Roll: | 0.53 | Long.: | -4.73 | Long.: | -0.70 N .
. 25 Roof: 4.24 in. - Roof: 4.24 in.
. 4-Bolt Slip Bolt Release Pitch: | -1.31 | Lat.: | 0.04 | Lat.: | 0.32
37 35 9" Base |Single 20" 11 ga. 485 1b
Base MASH 3-61 | Center 0 Keeper Plate Rupture, None Roll: | -1.22 | Long.: | -7.37 | Long.: | 0.23 No occupant Hich
Bolt Release Pitch: | 146 | Lat.: | 0.61 | Lat. | 031 | compartment def. ¢
Keeper Plate Rupture, Roll: | -1.36 | Long.: | -4.75 | Long.: | -0.19 No occupant .
MASH3-62 | Center | 0 Bolt Release None Pitch:| -0.64 | Lat. | 0.14 | Lat. | 0.34] compartment def. | 11

Figure D-15. Detailed Simulation Results, Simulation Number 37
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Max. Roll X
. Impact Occupant and Pitch | OIV [f/s] [p: Ridedown Potential
. Pol Break Pole | Weight .| Impact ‘ , ISIP:| N
Pole Height [ft] . ° e' Mast Arm| oo avay . o'e SN MASH Desig. tpac Angle | Pole Failure Mechanism | Compartment Angle | 10ft/s; Max: 16 Acc. [l [P | Simulation Results| to Pass
Dimensions Base Type | Thickness [Ib] Location . fi/s 15g;
(Degree) Deformation (Degree) /s] Max:20.49] MASH
[Max: 75°] =
0 Keeper Plate Rupture, None R‘oll: 0.43 |Long.: | -3.79 | Long.: | -0.14 No occupant High
Left 1/4 Bolt Release Pitch: | -0.35| Lat.: | 0.09 | Lat.: | 0.16 | compartment def.
25 Keeper Plate Rupture, None Roll: | 0.49 | Long.:| -4.90 | Long.: | 0.28 No occupant Hich
Bolt Release Pitch:|-0.36 | Lat.: | -0.25| Lat.: |-0.79 | compartment def. e
Roll: | 0.25 | Long.: | -4.80 | Long.: | 0.12 .
0 Keeper Plate Rupture, | p 0 5 45, | RO ong ong Roof: 5.45 in.
Bolt Release Pitch:| -0.28 | Lat.: | 0.06 | Lat.: |-0.17
MASH 3-60 | Center
25 Keeper Plate Rupture, Roof: 039 in Roll: | 0.39 |Long.: | -4.55 | Long.: | -0.46 Roof: 0.39 in. Hich
Bolt Release “77 ™ [pitch: | 0.56 | Lat.: | 0.00 | Lat: | 036 it e
Roll: | 0. Long.: | -3.94 | Long.: | 0.12 .
0 Keeper Plate Rupture, None .0 0.33 |Long.: | -3.94 | Long.: | 0. No occupant High
Richt 1/4 Bolt Release Pitch:| 0.20 | Lat.: | 0.20 | Lat. |-0.13 | compartment def.
g 25 Keeper Plate Rupture, None Roll: | 0.31 |Long.: | -3.64 | Long.: | 0.10 No occupant Hich
Bolt Release Pitch:| 0.20 | Lat.: | 0.11 | Lat. |-0.16 | compartment def. g
HEE .| -8, . -0.43 .
0 Keeper Plate Rupture, None Boll 1.43 | Long.: | -8.06 | Long.: | -0.4 No occupant High
Left 1/4 Bolt Release Pitch:| 1.99 | Lat.: | 0.81 | Lat.: | 0.60 | compartment def.
25 Keeper Plate Rupture, None Roll: |-1.70 | Long.: | -7.76 | Long.: | 0.23 No occupant Hich
Bolt Release Pitch: | -0.65 | Lat.: | 0.32 | Lat.: | 0.69 | compartment def. e
volesi 0 rReem | M v ow] ta [0 ] o [045] compummtder | "
38 35' 9" Base | Dual 20’ P | 11ga | 6561b | MASH3-61 | Center 011 Release S s = | 272 | compartment ael.
Base 25 Keeper Plate Rupture, None Roll: |-1.42 | Long: | -8.17 | Long.: | -0.38 No occupant High
Bolt Release Pitch: | -2.33 | Lat.: | 039 | Lat: | 0.51 | compartment def.
0 Keeper Plate Rupture, None Boll: 1.20 |Long.:| -7.79 | Long.: | 0.29 No occupant High
Right 1/4 Bolt Release Pitch:| -0.53 | Lat.: |-0.45| Lat.: |-0.53 | compartment def.
g 25 Keeper Plate Rupture, None Roll: | 4.34 | Long.: | -7.79 | Long.: | 0.25 No occupant Hich
Bolt Release Pitch:| 0.45 | Lat.: |-0.91| Lat. |-0.70 | compartment def. e
0 Keeper Plate Rupture, None Rloll: -1.49 | Long.: | -4.93 | Long: | -0.20 |  No occupant High
Left 1/4 Bolt Release Pitch:| 0.84 | Lat.: | 1.20 | Lat. |-0.33 | compartment def.
25 Keeper Plate Rupture, None Roll: | 0.64 | Long.: | -4.93 | Long.: | -0.20 No occupant Hich
Bolt Release Pitch: | -1.94| Lat.: | 1.16 | Lat.: |-0.29 | compartment def. e
0 Keeper Plate Rupture, None Boll: 0.83 | Long.: | -4.84 | Long.: | -0.20 No occupant High
Bolt Release Pitch:| 0.91 | Lat.: | 0.01 | Lat: | 0.22 | compartment def.
MASH 3-62 | Center
25 Keeper Plate Rupture, None Roll: | -0.48 | Long.: | -4.94 | Long: | -0.21 No occupant Hich
Bolt Release Pitch: | 1.54 | Lat: | 043 | Lat: | 0.26 | compartment def, | =
0 Keeper Plate Rupture, None R.oll: 1.48 |Long.: | -5.27 | Long: | -0.40 No occupant High
Richt 1/4 Bolt Release Pitch: | -2.19| Lat.: |-1.00 | Lat.: | 0.55 | compartment def.
g 25 Keeper Plate Rupture, None Roll: | 1.57 |Long.: | 4.91 | Long.: | -0.27 |  No occupant High
Bolt Release Pitch: | 2.05 | Lat.: |-1.06 | Lat.: | 0.47 | compartment def.

Figure D-16. Detailed Simulation Results, Simulation Number 38
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Max. Roll Rided
. Impact Occupant and Pitch | OIV [fus] idedown Potential
. Pol Mast | Break: Pol Weight T t . . . .
Pole | Height[fi] | . O© as reakaway | rok eight |y fash Desig| P2 | Angle | Pole Failure Mechanism | Compartment Angle poons, | A (8] |Simulation Results| to Pass
Dimensions | Arm | Base Type |Thickness | [Ib] Location . Max: 16 fi/s] [P: 15g
(Degree) Deformation | (Degree) : Max:20.49¢] MASH
[Max: 75°]
0 Keeper Plate Rupture, None Roll: [ 0.37 [Long.:[-3.83 [Long.:|-0.16] No occupant Hich
Left 1/4 Bolt Release Pitch:[-0.35| Lat.: | 0.10 | Lat.: | 0.12 [ compartment def.
25 Keeper Plate Rupture, None Roll: [ 0.60 [Long.:[-5.55|Long.:|-0.16] No occupant High
Bolt Release Pitch:[-0.35| Lat.: | 0.11 | Lat.: |-0.23 [ compartment def.
0 Keeper Plate Rupture, Roof 1.88 in Roll: |-0.20|Long.:[-3.79 [Long.:|-0.10 Roof 1.88 in. High
MASH 3-60 | Center Bolt Release o " |Pitch:[ 0.31 | Lat.: [ 0.00 | Lat.: [-0.09 o
Keeper Plate Rupture, . Roll: |-0.40|Long.:[-4.07 [Long.:| -0.68 . .
) 4-Bolt Sl 25 Roof 1.69 in. — - - Roof 1.69 in. High
40 40' 9" Base Single 4' lip 11 ga. 411 b Bolt Release Pitch:[ 0.52 | Lat.: |-0.02| Lat.: | 0.42
Base 0 Keeper Plate Rupture, None Roll: | 0.34 |Long.:[-4.10|Long.:| 0.11 | No occupant High
Right 1/4 Bolt Release Pitch:| 0.21 | Lat.: | 0.15 | Lat.: |-0.13 | compartment def.
25 Keeper Plate Rupture, None Roll: {-0.39(Long.:(-3.72 |Long.:[ 0.11 [ No occupant High
Bolt Release Pitch:| 0.26 | Lat.: |-0.05| Lat.: | -0.13| compartment def.
Keeper Plate Rupture, Roll: [ 0.39 [Long.:[-7.81 |Long.:[ 0.37 [ No occupant .
MASH 3-61 | Cent 0 N 5 Hi
enter Bolt Relcase o0 [pich]|0.94] Lat.: | 0.81] Lat: | 0.37 | compartment def | ' TE!
Keeper Plate Rupture, Roll: [ 4.53 [Long.:[-4.86 |Long.:[-0.19[ No occupant .
MASH 3-62 | Cent 0 N - Hi
enter Bolt Release O%  [pich] .25 | Lat: | 0.32 | Lat: | 0.26 | compartment def | &
Figure D-17. Detailed Simulation Results, Simulation Number 40
Max. Roll Rided
. Impact Occupant and Pitch | OIV [fus] [p: 1dedown Potential
Pole Height [ft] Dinll)e(:llseions Mast Arm ISBZZk;W&e}, Thi(])tl;ess V\][Tllag]ht MASH Desig. ]j::ztaicotn Angle | Pole Failure Mechanism | Compartment Angle 10ft/s;  Max: /?:Cl S[E] Simulation Results| to Pass
P ! (Degree) Deformation | (Degree) CED I V- MASH
[Max: 75°]
Keeper Plate Rupture, . . Roll: | -0.11 | Long.: | -3.92 | Long.: | -0.32 . .
MASH 3.60 | Cent 0 Bolt Release Roof: 4.08 in. ot 023 | Lat. | 001 | Lat. [015] (oot 408in. -
- enter Keeper Plate Rupture, " TRoll:| 0.67 | Long:| 425 | Long: | -0.52 e ]
: . 25 Front Wi 10,68 ——— T T Front Windshield: 0.68 High
41 40 9" Bas Dual 4' 4-Bolt Slip 1 50116 Bolt Release Pitch:| 0.45 | Lat.: |-0.03| Lat: |-0.42
ase | e Base ga- MASH 361 | Center | 0 Keeper Plate Rupture, None Roll:| 034 [ Long: | 7.70 | Long: |-0.55 | No occupant | ..
Bolt Release Pitch: | -1.17 | Lat.: | 0.15 | Lat: | 0.40 | compartment def. £
Keeper Plate Rupture, Roll: | 1.49 |Long.:|-4.82 | Long: | -0.27 No occupant .
MASH 3-62 | Center 0 Bolt Release None Pitch: | -1.00 | Lat.: | 0.06 | Lat.: |-0.21| compartment def. High

Figure D-18. Detailed Simulation Results, Simulation Number 41
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Max. Roll Rided
. Impact Occupant and Pitch | OIV [fvs] tdedown Potential
. Pol Mast | Break: Pol Weight | L t . . A .
Pole | Height [fi] | .. Oe, as reakaway . o cigh MASH Desig. mpgc Angle |Pole Failure Mechanism | Compartment Angle [P: 10ft/s; Ace. [g] [P Simulation Results | to Pass
Dimensions [  Arm Base Type | Thickness [Ib] Location . Max: 16 fi/ 15g
(Degree) Deformation | (Degree) a6 | 049 g MASH
[Max: 75°]
0 Keeper Plate Rupture, None R.OH: 0.38 [Long.:|-3.91 [Long.:|-0.12] No occupant High
Lefi 1/4 Bolt Release Pitch:|-0.35| Lat.: | 0.09 | Lat.: [-0.10| compartment def.
25 Keeper Plate Rupture, None Roll: | 0.50 |Long.:|-4.80|Long.:|-0.13] No occupant High
Bolt Release Pitch:[-0.35[ Lat.: | 0.01 | Lat.: |-0.19| compartment def.
K Plate R . Roll: [-0.61 [Long.:|-3.85 [ Long.:|-0.54 . .
A 0 eeper Plate Rupture, | p 0 19 iy, [Roli-0.01 {Long:-3.85 | Long:-054) o 6o 19y | High
! " . || 4-Bolt Slip Bolt Release Pitch:| 0.55 | Lat.: | 0.02 [ Lat.: [ 0.58
44-1 40 9.5"Base |[Single 10 11 ga. 466 b | MASH 3-60 | Center
Base 25 Keeper Plate Rupture, Roof 330 in. Roll:| 0.17 [Long.:|-4.60 | Long.:[-0.51 Roof3.30 i | Medium
Bolt Release T " [Pitch:| 0.64 | Lat.: | 0.04 [ Lat.: | 0.22 T
0 Keeper Plate Rupture, None BOHZ 0.33 [Long.:|-4.14|Long.:| 0.15| No occupant High
Richt 1/4 Bolt Release Pitch:[ 0.22 | Lat.: | 0.18 | Lat.: |-0.14 | compartment def.
25 Keeper Plate Rupture, None Roll:| 0.31 |Long.:|-3.78 |Long.:] 0.14 | No occupant High
Bolt Release Pitch:| 0.27 | Lat.: [ 0.13 | Lat.: {-0.18) compartment def.
Figure D-19. Detailed Simulation Results, Simulation Number 44-1
Max. Roll Rided
. Impact Occupant and Pitch | OV [fu/s] [p: 1dedown Potential
Pole | Height [ft] | . POI‘? Mast Arm Breakaway ?ole Weight MASH Desig. fmp act Angle | Pole Failure Mechanism | Compartment Angle toivs; Max: | A% (8] P | Simulation Results| to Pass
Dimensions Base Type | Thickness [1b] Location . 16 fu/: 15g;
(Degree) Deformation (Degree) Us] Max:20.49g] MASH
[Max: 75°]
Roll: | 0.09 | Long.: |-4.01 | Long.: | -0.36
. 0 Keeper Plate Rupture, |y 764, [RO ore one Roof 1.76in. | High
: N | 4-Bolt Slip Bolt Release Pitch:| 0.69 | Lat. | 0.02 | Lat.: | 0.12
44-2 40 9.5" Base | Dual 10 11 ga. 586 1b | MASH 3-60 | Center
Base 25 Keeper Plate Rupture, Roof: 0.84 i Roll: | 0.51 |Long.:|-4.60 | Long.: | -0.37 Roof: 0.84 i Hich
Bolt Release O0F D81 Ipitch:| 0.84 | Lat: | 006 | Lat: |-027] "0t ‘£
Figure D-20. Detailed Simulation Results, Simulation Number 44-2
Max. Roll Rided
. Impact Occupant and Pitch | OIV [fs] (p: | o onn Potential
Pole Height [ft] D'nll)e(illse'ons Mast Arm ];r:saek—z;wa;/ Th})c?(lx?ess W[el:ﬁht MASH Desig. Ij:;i?;tn Angle | Pole Failure Mechanism | Compartment Angle 10ft/s;  Max: I?PCcls[g] Simulation Results| to Pass
! ! P 11 (Degree) Deformation (Degree) 16fts] Max:‘ZOfé«v] MASH
[Max: 75°] =
0 Keeper Plate Rupture, C-Pillar: 0.22 in. Roll: 0.52 |Long: | -3.97 | Long.: | -0.28 C-Pillar: 0.22 in. High
Bolt Release Pitch:| -0.52 | Lat.: |-0.01| Lat.: | 0.21
MASH 3-60 | Center
25 Keeper Plate Rupture, Roof: 4.73 Roll: | -0.82 | Long: | -5.10 | Long.: | -0.66 Roof: 473 i
: . ) | 4-Bolt Slip Bolt Release OB T2 Ipitch: [ 0.81 | Lat: |-0.03| Lat: | 045 —oon®/2m
42 40 10" Base |Single 20 11 ga. 556 1b
Base MASH 3-61 | Center 0 Keeper Plate Rupture, None Roll: | 0.48 | Long.: | -8.37 | Long.: | 0.47 No occupant Hich
Bolt Release Pitch: | -1.47 | Lat.: | 0.68 | Lat.: | 0.50 | compartment def. g
Keeper Plate Rupture, Roll: | -0.54 | Long.: | -5.10 | Long.: | -0.29 |  No occupant .
MASH 3-62 | Center 0 Bolt Release None Pitch:| -0.70 | Lat.: | 0.28 | Lat.: |-0.18 | compartment def. High

Figure D-21. Detailed Simulation Results, Simulation Number 42
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Max. Roll

. Impact Occupant and Pitch | OIV [fi/s] [p: Ridedown Potential
. Pol Break Pol Weight .| Tmpact . . [ft/s] (P: B P
Pole Height [ft] Rk ° e' Mast Arm| — coaway R o et InASH Desig. mpaf; Angle | Pole Failure Mechanism | Compartment Angle 10ft/s; Max: 16 Ace.[g] [P | gimulation Results| to Pass
Dimensions Base Type | Thickness [1b] Location . /s 15g,
(Degree) Deformation | (Degree) 5] Max20.49¢] MASH
[Max: 75°]
Roll: | 0.44 | Long.: | -4.23 | Long.: | -0.19
0 Keeper Plate Rupture, None _o ong. ong. No occupant High
Left 1/4 Bolt Release Pitch:| -0.34| Lat.: | 0.12 | Lat.: |-0.14 | compartment def.
25 Keeper Plate Rupture, None Roll: | 0.68 | Long.: | -6.94 | Long.: | -0.40 |  No occupant Hich
Bolt Release Pitch:|-0.35| Lat. | 0.03 | Lat: |-1.45| compartment def. €
K Plate Rupti . Roll: | 0.10 | Long.: | -4.53 | Long.: | -1.04 . 5
0 eeper clate Rupture, Roof: 3.55 in. ,0 ong ong Roof: 3.55 in. | Medium
Bolt Release Pitch:| 0.24 | Lat.: | 0.00 | Lat: | 0.34
MASH 3-60 | Center
25 Keeper Plate Rupture, Roof: 3.67 in Roll: | 0.45 | Long: | -5.24 | Long.: | -0.75 Roof: 3.67 in Medium
Bolt Release o " |Pitch:| 0.31 | Lat.: |-0.07 | Lat.: |-0.78 T i
0 Keeper Plate Rupture, None Rpll: 0.35 | Long.: | -4.24 | Long.: | -0.11 No occupant High
Richt 1/4 Bolt Release Pitch:| 0.25 | Lat.: | 0.14 | Lat.: | -0.15 | compartment def.
8 25 Keeper Plate Rupture, None Roll: | 0.33 | Long.:|-3.99 | Long.: | -0.10 |  No occupant Hich
Bolt Release Pitch:| 0.32 | Lat.: | 0.14 | Lat.: |-0.12| compartment def. €
Roll: | -2.10 | Long.: | -8.55 | Long.: | -0.62
0 Keeper Plate Rupture, None _0 ong ong, No occupant High
Left 1/4 Bolt Release Pitch: | 0.61 | Lat.: | 0.38 | Lat.: | 0.59 | compartment def.
25 Keeper Plate Rupture, None Roll: | 0.72 | Long.: | -8.25 | Long.: | 0.35 No occupant Hich
Bolt Release Pitch: | 0.83 | Lat.: | 0.06 | Lat.: | 0.62 | compartment def. g
4-bolt Si 0 Keeplzr 11?12t e1 o None 1}:2}1, (1331 LLO;%: 517 : LL();%: (?:;) o Ofcup?g ;| Hieh
43 40' 10" Base | Dual 20' P | 11ga | 7271b | MASH3-61 | Center 011 Release o SRR | =7 | Compartment Gel.
Base 25 Keeper Plate Rupture, None Roll: | 0.41 | Long.:|-9.44 | Long.: | -0.79 No occupant Hich
Bolt Release Pitch: | 2.65 | Lat.: | 048 | Lat. | 0.50 | compartment def. e
0 Keeper Plate Rupture, None R_oll: -1.26 | Long.: | -8.52 | Long.: | -0.27 |  No occupant High
Richt 1/4 Bolt Release Pitch: | 1.87 | Lat.: |-0.55| Lat.: |-0.76 | compartment def.
e 25 Keeper Plate Rupture, None Roll: [-0.94| Long.: | -8.67 | Long: | 0.26 No occupant Hich
Bolt Release Pitch: | 0.67 | Lat.: |-0.26 | Lat. |-0.62 | compartment def. €
Roll: |-0.51 | Long.: | -5.41 | Long.: | -0.21 .
0 Keeper Plate Rupture, None .o 0.51 | Long.: | -5 ong.: | -0 No occupant High
Left 1/4 Bolt Release Pitch:| 0.91 | Lat.: | 1.23 | Lat: |-0.31| compartment def.
25 Keeper Plate Rupture, None Roll: | 1.52 | Long.:|-5.48 | Long.: | -0.28 |  No occupant Hich
Bolt Release Pitch:| 1.49 | Lat.: | 1.32 | Lat.: | 0.52 | compartment def. e
0 Keeper Plate Rupture, None R_oll: 1.90 | Long.:|-5.26 | Long.: | -0.26 |  No occupant High
Bolt Release Pitch:| 3.46 | Lat.: | 0.07 | Lat.: |-0.21 | compartment def.
MASH 3-62 | Center
25 Keeper Plate Rupture, None Roll: | -0.57 | Long.: | -5.36 | Long.: | -0.26 No occupant Hich
Bolt Release Pitch:|-0.83 | Lat.: | 0.19 | Lat: | 0.34 | compartment def. €
Roll: |-1.21 | Long.: | -5.25 | Long.: | -0.2 .
0 Keeper Plate Rupture, None »0 ong.:|-5.25|Long:|-0.28| No occupant High
Richt 1/4 Bolt Release Pitch: | 478 | Lat.: |-1.11 | Lat.: |-0.41 | compartment def.
g 25 Keeper Plate Rupture, None Roll: | -0.86 | Long.: | -5.12 | Long.: | -0.25 No occupant Hich
Bolt Release Pitch:| 1.25 | Lat.: |-1.01| Lat.: | 0.38 | compartment def. g

Figure D-22. Detailed Simulation Results, Simulation Number 43
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Max. Roll Rided
. Impact Occupant and Pitch | OIV [fus] | o oWn Potential
. Pol M Break Pol T . . . .
Pole | Height [ft] Dime(r)ljions ast BZZ ;Waé/ ThicE:ess W[E?ht MASH Desig. Lon(‘:r; ili(:)tn Angle | Pole Failure Mechanism | Compartment | Angle [P: 10ft/s; A[lfcls[g] Simulation Results | to Pass
P (Degree) Deformation | (Degree) | Max 16051 | ax:.ZO.A%Qg] MASH
[Max: 75°]
0 Keeper Plate Rupture, None Roll: 0.42 |Long.:|-4.10|Long.:|-0.20| No occupant High
Left 1/4 Bolt Release Pitch:|-0.34[ Lat.: | 0.06 | Lat.: |-0.13 [ compartment def.
95 Keeper Plate Rupture, Nome Roll: [-1.01|Long.: Long.:| 0.72 [ No occupant
Bolt Release Pitch:|-0.43[ Lat.: |-3.54| Lat.: | 0.76 | compartment def
K Plate Ruptur . . | Roll: |-0.56|Long.:|-4.04 | Long.: |-0.42 . . .
0 eeper UPIIS, | C_Pillar: 0.35 in. - s = C-Pilar:0.35in. | High
Bolt Release Pitch:| 0.34 | Lat.: | 0.04 | Lat.: |-0.22
MASH 3-60 | Center
Keeper Plate Rupture, . Roll: {-0.33 Long.:{-4.85 [Long.:{-0.70 . .
. 25 Roof:3.00 in. | Roof:3.00 n. | Medum
45 45 9.5" Base | Single 4 4-BoltSlp | o | 4661 Bolt Release Pitch:| 0.67 | Lat.: | 0.08 | Lat. | 0.46
’ Base ’ 0 Keeper Plate Rupture, None Roll: | 0.42 |Long.:[-5.35[Long.:|-0.12|  No occupant .
Right 1/4 Bolt Release Pitch:| 0.25 [ Lat.: | 0.12 | Lat.: |-0.18| compartment def.
25 Keeper Plate Rupture, None Roll: | 0.30 [Long.:[-4.01 |Long.:] 0.10 | No occupant High
Bolt Release Pitch:[ 0.31 | Lat.: | 0.10 | Lat.: | 0.13 [ compartment def.
Keeper Plate Rupture, Roll: | 0.47 |Long.:|-8.02 |Long.:| 0.43 | No occupant .
MASH 3-61 | Center 0 None - H
Bolt Release Pitch:[-1.13| Lat.: | 0.74 | Lat.: | 0.35 [ compartment def. ich
Keeper Plate Rupture, Roll: |-0.47|Long.:|-5.09 |Long.:| 0.22 | No occupant .
MASH 3-62 | Cents 0 N Hi
enter Bolt Release O% pitch]-0.82] Lat: | 0.38] Lat.: |0.33] compartment def. | 2"
Figure D-23. Detailed Simulation Results, Simulation Number 45
Max. Roll Rided
. Impact Occupant and Pitch | OV [fu/s] [p: 1dedown Potential
Pole Height [ft] Di POIC. Mast Arm l;rcak;way ThF?qlC W[illﬁht MASH Desig. lep?,“ Angle | Pole Failure Mechanism | Compartment Angle 10ft/s;  Max: ‘?:Cls[g] Simulation Results | to Pass
imensions ase Type ickness ocation (Degree) Deformation (Degrec) 16 5] Mz|x:‘20,<%9g] MASH
[Max: 75°]
0 Keeper Plate Rupture, | - [Roll: [ 0.12 [Long: [ 422 | Long: [-0.07] "0 -
Bolt Release Pitch:| 0.77 | Lat.: | 0.00 | Lat.: |-0.11
MASH 3-60 | Center
Keeper Plate Rupture, . Roll: | 0.16 |Long:|-4.94 | Long.: | -0.55 . .
. 25 Roof: 0.93 in. [ Roof: 0.93 in. High
! " . | 4-Bolt Slip Bolt Release Pitch:| 0.35 | Lat: | 0.05 | Lat: | 0.15
46 45 9.5" Base | Dual 4 11 ga. 557 1b
Base MASH 361 | Center 0 Keeper Plate Rupture, None Roll: | 0.38 |Long.:|-9.09 | Long.: | -0.69 | No occupant Hich
Bolt Release Pitch: | -2.28 | Lat.: | 0.20 | Lat.: | 0.48 | compartment def. g
Keeper Plate Rupture, Roll: | -0.57 | Long: | -5.06 | Long.: | -0.22 No occupant .
MASH 3-62 | Center 0 Bolt Release None Pitch:| 3.58 | Lat.: |-0.02| Lat: |-0.26 | compartment def. High

Figure D-24. Detailed Simulation Results, Simulation Number 46
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Max. Roll Rided
. TImpact Occupant and Pitch | OIV [fus] 1dedown Potential
. Pol Mast | Break Pol Weight | t . . s .
Pole | Height [ft] Di oei as Bfa ;way Thi E; [Tlﬁh MASH Desig. I_zomzilicn Angle | Pole Failure Mechanism | Compartment Angle [P: 10ft/s; Acc.l[sg]. ] Simulation Results | to Pass
fmensions se 1ype ckness catio (Degree) Deformation | (Degree) | Max: 16 1ts] Max:Z(% 19 MASH
[Max: 75°]
Roll: | 0.39 [Long.:|-4.30 | Long.:[-0.13
0 Keeper Plate Rupture, None ‘o ong ong. No occupant High
Left 1/4 Bolt Release Pitch:{-0.34| Lat.: | 0.04 | Lat.: [-0.15| compartment def.
25 Keeper Plate Rupture, None Roll: | 0.70 |Long.:[-6.88 [Long.:|-0.09|  No occupant High
Bolt Release Pitch:{-0.36| Lat.: | 0.03 | Lat.: [-0.17| compartment def.
0 Keeper Plate Rupture, | Front Windshield: | Roll: | -0.66 |[Long.:|-4.23 |[Long.:|-0.71 | Front Windshield: High
. 4-Bolt Sli 0.56 in. itch: - |- : 0.56 in.
49-1 | 45 | 10"Base |Single 10 P g | 5291 | MASH3-60 | Center Bot Relcase Pitety] 097 | Lat.. |-0.01 Lat. 0.5
Base 25 Keeper Plate Rupture, Roof 1.50 in. Roll: {-0.73 [Long.:[-4.85 | Long.:| -0.62 Roof 1.50 in. High
Bolt Release - Pitch:| 0.39 | Lat.: [ 0.08 | Lat.: | 0.69 s )
K Plate R Roll: | 0.33 |Long.:[-4.39 | Long.:|-0.09 N t .
0 eeper Plate Rupture, None ‘o 0.33 |Long. 39|Long.:|-0.0 0 occupan High
Richt 1/4 Bolt Release Pitch:| 0.30 | Lat.: [ 0.21 | Lat.: | 0.13 | compartment def.
25 Keeper Plate Rupture, None Roll: | 0.32 [Long.:|-4.14 | Long.: [ 0.10 No occupant High
Bolt Release Pitch:| 0.31 | Lat.: [ 0.03 | Lat.: | 0.16 | compartment def.
Figure D-25. Detailed Simulation Results, Simulation Number 49-1
Max. Roll Ridedown
. Impact Occupant and Pitch | OLV [fts] [p: Potential
Pole Height [ft] Dirrl:(;lei N Mast Arm };:ak_z;way Th})(lll: W[Tiﬁ’ht MASH Desig. lezzmn Angle | Pole Failure Mechanism | Compartment Angle 10ft/s;  Max: ACC'][;g]Y_ P | Simulation Results| to Pass
ensions se Lype crness ocatio (Degree) Deformation (Degree) 16 fis] Max:2§:49g] MASH
[Max: 75°]
4-Bolt Sii 0 Keepgrllz l;telR“pmre’ Roof: 630 in, (0000 (LN 83 Lones {88 op, 630
492 45 10" Base | Dual 10’ P | 11ga | 6481b | MASH3-60 | Center 0 L Release 1 = <
Base 25 Keeper Plate Rupture, C-Pillar: 0.60 i Roll: | 0.36 | Long.: | -5.67 | Long.: | -0.68 C-Pillar: 0.60 i High
Bolt Release an DOV Toieh | 053 | Lat: |-0.08] Lat: |-047] = n ROV | g
Figure D-26. Detailed Simulation Results, Simulation Number 49-2
Max. Roll Rided
E Impact Occupant and Pitch | OIV [fi/s] [P: 1dedown Potential
Pole | Height [ft] DI POI? Mast Arm l;reak;way Th?(l)(le V‘/[;‘Jg]ht MASH Desig. lep ?.Ct Angle | Pole Failure Mechanism | Compartment Angle |10y Max: /?Pccls[g] Simulation Results| to Pass
imensions ase Type ickness ocation (Degree) Deformation (Degree) 16 fi/s] Max;ZO.fég] MASH
[Max: 75°]
0 Keeper Plate Rupture, Roof: 0.45 in. Rloll: 0.70 |Long.: | -4.64 | Long.: | -0.10 Roof: 045 in. High
Bolt Release Pitch:| -0.30 | Lat.: | 0.01 | Lat.: |-0.11
MASH 3-60 | Center
Keeper Plate Rupture, . Roll: | -0.57 | Long.: | -4.95 | Long.: | -0.81 . .
. 25 Roof: 1.10 in. - Roof: 1.10 in. High
. 4-Bolt Slip Bolt Release Pitch:| 0.75 | Lat.: | 0.07 | Lat.: | 0.52
47 45' 10.5" Base |Single 20 10 ga. 676 1b
Base MASH 3-61 | Center 0 Keeper Plate Rupture, None Roll: | 1.08 | Long.: |-10.00| Long.: | -0.57 No occupant Hich
Bolt Release Pitch:| -2.70 | Lat.: | 0.79 | Lat: | 0.82 | compartment def. 8
Keeper Plate Rupture, Roll: | -1.78 | Long.: | -5.83 | Long.: | -0.33 No occupant .
MASH 3-62 | Center 0 Bolt Release None Pitch:| 2.80 | Lat. | 029 | Lat: | 0.33 | compartment def. High

Figure D-27. Detailed Simulation Results, Simulation Number 47
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Max. Roll X
. Impact Occupant and Pitch | OIV [fi/s] [p: Ridedown Potential
. Pol Break Pol Weight .| Tmpact . . [ft/s] (P: B P
Pole Height [ft] Rk ° e' Mast Arm| — coaway R o et InASH Desig. mpaf; Angle | Pole Failure Mechanism | Compartment Angle 10ft/s; Max: 16 Ace.[g] [P | gimulation Results| to Pass
Dimensions Base Type | Thickness [1b] Location . /s 15g,
(Degree) Deformation | (Degree) 5] Max20.49¢] MASH
[Max: 75°]
Roll: | 0.41 |Long.: | -4.70 | Long.: | -0.12
0 Keeper Plate Rupture, None _o ong. ong. No occupant High
Left 1/4 Bolt Release Pitch:| -0.36 | Lat.: | 0.04 | Lat.: | -0.14 | compartment def.
25 Keeper Plate Rupture, None Roll: |-0.69 | Long.: | -5.72 | Long.: | -0.37 |  No occupant Hich
Bolt Release Pitch:|-0.38 | Lat. | 0.09 | Lat: |-0.99 | compartment def. €
K Plate Rupti N . Roll: | 0.12 | Long.: | -4.99 | Long.: | -0.42 N .
0 ceper Hlate Rupture, Roof: 6.11 in. ,0 ong ong Roof: 6.11 in.
Bolt Release Pitch:| 0.56 | Lat.: | 0.02 | Lat: | 0.15
MASH 3-60 | Center
25 Keeper Plate Rupture, Roof: 3.41 in Roll: | 0.19 |Long.: | -6.25 | Long.: | 0.37 Roof: 3.41 in Medium
Bolt Release o ° |Pitch:|-0.15| Lat.: |-0.19| Lat: | 0.37 T i
0 Keeper Plate Rupture, None Rpll: 0.33 | Long.: | -4.83 | Long.: | -0.08 |  No occupant High
Richt 1/4 Bolt Release Pitch:| 0.30 | Lat.: | 0.33 | Lat.: | -0.26 | compartment def.
8 25 Keeper Plate Rupture, None Roll: | 0.30 | Long.: | -4.26 | Long.: | 0.08 No occupant Hich
Bolt Release Pitch:| 0.24 | Lat.: | 0.11 | Lat.: | 0.15 | compartment def. ¢
Roll: | -2.33 | Long.: | -9.38 | Long.: | -0.36
0 Keeper Plate Rupture, None _0 ong ong, No occupant High
Left 1/4 Bolt Release Pitch: | -4.72| Lat.: |-0.02 | Lat.: | 0.56 | compartment def.
25 Keeper Plate Rupture, None Roll: | 1.45 |Long.:|-9.68 | Long.: | -0.73 | No occupant Hich
Bolt Release Pitch: |-1.38 | Lat.: |-0.44 | Lat.: | 0.84 | compartment def. g
abolt Si 0 Keep;r ll:l;telRupture, None 1}},2}1, (;6527 L;;%: —1(;),1733 Lf:tg:: -10;13 No o:cupatu:it . High
48 45' 10.5" Base | Dual 20' P | 10ga | 8471b | MASH3-61 | Center 011 Release p SRl | -7 | compartment ¢el.
Base 25 Keeper Plate Rupture, None Roll: | -4.58 | Long.: |-11.35| Long.: | -0.67 No occupant Hich
Bolt Release Pitch:| 7.02 | Lat.: | 0.30 | Lat: | 0.71 | compartment def. e
0 Keeper Plate Rupture, None R_oll: 1.15 | Long.:| -9.02 | Long.: | -0.34|  No occupant High
Richt 1/4 Bolt Release Pitch:| 1.31 | Lat.: | 0.13 | Lat.: |-0.62 | compartment def.
e 25 Keeper Plate Rupture, None Roll: | 1.39 |Long.:|-8.76 | Long.: | 0.42 No occupant Hich
Bolt Release Pitch: | 2.42 | Lat.: | 0.12 | Lat.: |-0.52 | compartment def. €
Roll: |-0.97 | Long.: | -5.84 | Long.: | -0.32 .
0 Keeper Plate Rupture, None .o 0.97 | Long.: | -5.84 | Long.: | 0.3 No occupant High
Left 1/4 Bolt Release Pitch:| 2.69 | Lat. | 1.22 | Lat: | 0.42 | compartment def.
25 Keeper Plate Rupture, None Roll: | -0.75 | Long.: | -5.93 | Long.: | -0.52 No occupant Hich
Bolt Release Pitch:| 0.63 | Lat.: | 1.08 | Lat.: | 0.71 | compartment def. e
0 Keeper Plate Rupture, None R_oll: -2.81 | Long.: | -6.00 | Long.: | -0.31 No occupant High
Bolt Release Pitch:| 1.91 | Lat.: | 0.17 | Lat.: |-0.30 | compartment def.
MASH 3-62 | Center
25 Keeper Plate Rupture, None Roll: |-1.37 | Long.: | -6.05 | Long.: | -0.41 No occupant Hich
Bolt Release Pitch:| 0.74 | Lat: | 0.24 | Lat: | 0.33 | compartment def. €
Roll: |-0.79 | Long.: | -5.91 | Long.: | -0.2 .
0 Keeper Plate Rupture, None »0 0.79 | Long.: | -5.91 | Long.: | -0.29 |  No occupant High
Richt 1/4 Bolt Release Pitch: | 0.52 | Lat.: |-0.99 | Lat.: |-0.70 | compartment def.
g 25 Keeper Plate Rupture, None Roll: | -0.80 | Long.: | -5.77 | Long.: | -0.33 No occupant Hich
Bolt Release Pitch:| 0.88 | Lat.: |-1.11| Lat.: |-0.33 | compartment def. g

Figure D-28. Detailed Simulation Results, Simulation Number 48
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Max. Roll

Ridedown

. Tmpact Occupant and Pitch | OIV [ft/s] Potential
Pole Height [ft] Din]:ﬂeions Mast llil;leak;wa;/ T}u']::](fe W[;ﬁht MASH Desig. I‘In:iilimn Angle |[Pole Failure Mechanism | Compartment Angle [P: 10ft/s; A[I?-Clis[g] Simulation Results | to Pass
s se 1yp s ocatio (Degree) Deformation | (Degree) | Max: 16 fts] Max:‘20.4%9g] MASH
[Max: 75°]
0 Keeper Plate Rupture, None Roﬂ: 0.35 [Long.:|-4.44|Long.:|-0.18] No occupant High
Left 1/4 Bolt Release Pitch:|-0.37[ Lat.: | 0.09 | Lat.: | 0.19 | compartment def.
25 Keeper Plate Rupture, None Roll: | 0.68 [Long.:[-6.12|Long.:| 0.13| No occupant High
Bolt Release Pitch:|-0.40{ Lat.: | 0.09 | Lat.: |-0.25| compartment def.
0 Keeper Plate Rupture, Roof 531 in. R'ollz -0.21|Long.:|-4.86 | Long.:|-0.56 Roof 5.31 in.
Bolt Release Pitch:| 0.79 | Lat.: | 0.01 | Lat.: |-0.28
MASH 3-60 | Center
25 Keeper Plate Rupture, Roof: 5.74 in Roll: |-0.32|Long.:|-5.17 [Long.:| -1.81 Roof 5.74 in
) N . .| 4-Bolt Slip Bolt Release - ~_[Pitch:[ 0.17 | Lat.: | 0.00 | Lat.: |-1.13 T )
50 50! 10.5" Base | Single 8 10 ga. 642 b
Base 0 Keeper Plate Rupture, B Pillar: 0.45 in. Roll: [ 0.37 |Long.:|-4.89 | Long.:[-0.11 B Pillar: 0.45 in. High
Right 1/4 Bolt Release o " |Pitch:| 0.47 | Lat.: | 0.30 | Lat.: [ 0.20 - )
25 Keeper Plate Rupture, None Roll: [ 0.30 |Long.:|-4.56 | Long.:[ 0.11 [ No occupant High
Bolt Release Pitch:| 0.45 | Lat.: | 0.18 | Lat.: | 0.19 | compartment def.
MASH 3-61 | Center 0 Keeper Plate Rupture, None Roﬂ: -0.62|Long.:|-9.78 [Long.:|-0.42| No occupant High
Bolt Release Pitch:[-2.00| Lat.: | 0.74 | Lat.: | 0.55 | compartment def.
Keeper Plate Rupture, Roll: |-0.83|Long.:|-5.93 |Long.:|-0.26| No occupant .
MASH 3-62 | Center 0 Bolt Release None Pitch:{ 0.80 | Lat.: | 0.47 | Lat.: | 0.34 | compartment def. High

Figure D-29. Detailed Simulation Results, Simulation Number 50
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Max. Roll

. Impact Occupant and Pitch | OIV [fv/s] [p: Ridedown Potential
Pole | Height [ft] Dinl:(;lei s [Mast Arm ];reak;way Th})T: W[T;)g]ht MASH Desig. lep;dn Angle | Pole Failure Mechanism | Compartment Angle | 10f/s;  Max: /?;cls[g] Simulation Results| to Pass
ensions ase 2ype cxness ocatio (Degree) Deformation (Degree) 16 fus] Maxgz(;_f;g] MASH
[Max: 75°]
Roll: | 0.09 | Long.: | -5.05 | Long.: | -0.51 N .
0 Keeper Plate Rupture, | 6 6 20 in, (RO o |Long:|5.03 | Long: |05} p 6.0 in.
Bolt Release Pitch:| 0.60 | Lat.: | 0.03 | Lat: |-0.12
MASH 3-60 | Center
25 Keeper Plate Rupture, N Roll: | 0.24 |Long.:|-5.41 | Long.: | -0.48 No occupant Hich
, . | 4Bolt stip Bolt Release one Pitch:| 0.52 | Lat: | 0.00 | Lat: | 035 | compartment def. | &
51 50! 10.5" Base | Dual 8 10 ga. 749 Ib
Base MASH 3-61 | Center 0 Keeper Plate Rupture, None Roll: | 0.86 |Long.:|-11.52| Long.: | -1.02 No occupant Hich
Bolt Release Pitch: | 3.60 | Lat. |-0.26] Lat. | 0.83 | compartment def. ¢
Keeper Plate Rupture, Roll: | 0.52 |Long.:|-5.87 | Long.: | -0.25| No occupant .
MASH3-62 | Center | 0 Bolt Release None Fpiten ] 2.19 | Lat. | 003 | Lat. | 032] compartment def. | &
Figure D-30. Detailed Simulation Results, Simulation Number 51
Max. Roll Rided
. Impact Occupant and Pitch | OIV [fus] [p: 1dedown Potential
Pole Height [ft] . POI? Mast Arm Breakaway Fole Weight MASH Desig. fmp alct Angle | Pole Failure Mechanism | Compartment Angle 10ft/s;  Max: Ace.[g] I gimylation Results| to Pass
Dimensions Base Type | Thickness [1b] Location . 16 fi/: [P: 15g;
(Degree) Deformation (Degree) 5] Max:20.49¢] MASH
[Max: 75°]
0 Keeper Plate Rupture, Roof: 5.77 in. R‘011: -0.43 | Long.: | -6.26 | Long.: | -0.66 Roof 5.77 in.
Bolt Release Pitch:| 0.75 | Lat: | 0.01 | Lat: | 0.59
MASH 3-60 | Center
25 Keeper Plate Rupture, Roof: 4.04 in Roll: | -1.91 | Long.: | -4.83 | Long.: | -0.92 Roof: 4.04 in
. . \| 4-Bolt Slip Bolt Release o " |Pitch:| -0.41 | Lat.: | 0.01 | Lat: | 0.72 o )
52 50' 10.5" Base |Single 25 10 ga. 676 1b
Base MASH 3-61 | Center 0 Keeper Plate Rupture, None Roll: | 0.76 | Long.:|-10.20| Long.: | 0.26 No occupant Hich
Bolt Release Pitch: | -0.73 | Lat.: | 0.57 | Lat.: |-0.52 | compartment def. g
Keeper Plate Rupture, Roll: | -1.01 | Long.: | -6.02 | Long.: | 0.42 No occupant .
MASH 3-62 | Center 0 Bolt Release None Pitch:| 0.62 | Lat. | 0.39 | Lat.: |-0.40 | compartment def. High

Figure D-31. Detailed Simulation Results, Simulation Number 52
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Max. Roll X
. Impact Occupant and Pitch | OIV [f/s] [p: Ridedown Potential
. Pol Break Pole | Weight .| Impact ‘ , ISIP:| N
Pole Height [ft] . ° e' Mast Arm| oo avay . o'e SN MASH Desig. tpac Angle | Pole Failure Mechanism | Compartment Angle | 10ft/s; Max: 16 Acc. [l [P | Simulation Results| to Pass
Dimensions Base Type | Thickness [Ib] Location . fi/s 15g;
(Degree) Deformation (Degree) /s] Max:20.49] MASH
[Max: 75°] =
0 Keeper Plate Rupture, None R‘oll: 0.53 | Long.: | -6.05 | Long.: | -0.17 No occupant High
Left 1/4 Bolt Release Pitch:|-0.43 | Lat.: | -0.11| Lat.: |-0.21 | compartment def.
25 Keeper Plate Rupture, None Roll: | 0.52 | Long.:|-5.20 | Long.: | -0.20 |  No occupant Hich
Bolt Release Pitch: | -0.47 | Lat.: | -0.01 | Lat: | 0.24 | compartment def. ¢
Roll: | 0.16 | Long.: | -7.23 | Long.: | -1.24 .
0 Keeper Plate Rupture, | o 0 6 67, | RO ong ong Roof: 6.87 in.
Bolt Release Pitch:| -0.15| Lat.: | -0.02| Lat.: | 0.87
MASH 3-60 | Center
25 Keeper Plate Rupture, Roof: 3.60 in Roll: | 0.16 | Long.: | -6.19 | Long.: | -1.92 Roof: 3.60 in. Medium
Bolt Release o " |Pitch:| 029 | Lat.: | 0.02 | Lat: |-0.69 o i
Roll: | 0. Long.: | -5. Long.: | -0.14 .
0 Keeper Plate Rupture, None .0 0.37 | Long.: | -5.76 | Long.: | -0. No occupant High
Richt 1/4 Bolt Release Pitch:| 0.34 | Lat.: | 0.62 | Lat. |-0.26 | compartment def.
g 25 Keeper Plate Rupture, None Roll: | 0.35 | Long.: | -5.63 | Long.: | 0.12 No occupant Hich
Bolt Release Pitch:| 0.32 | Lat.: | 0.17 | Lat. |-0.20 | compartment def. g
R . -10.13 .2 | -0. .
0 Keeper Plate Rupture, None Boll 1.23 | Long. Long.: [ -0.30 No occupant High
Left 1/4 Bolt Release Pitch:| 1.25 | Lat.: | -0.57 | Lat.: | 0.59 | compartment def.
25 Keeper Plate Rupture, None Roll: | 1.30 | Long.: |-11.81| Long.: | 0.57 No occupant Hich
Bolt Release Pitch: | -1.54 | Lat.: | -0.45| Lat.: | 0.83 | compartment def. e
4ot 0 | rReen | M v oo ta: [ou | o [067] computmmtder | "
53 50' 10.5" Base | Dual 15' P 7ga | 9861b | MASH3-61 | Center 011 Release S s = | o7 | compartment ael.
Base 25 Keeper Plate Rupture, None Roll: | 0.46 |Long.: |-13.76| Long.: | 1.54 No occupant High
Bolt Release Pitch: | -1.61 | Lat.: | -0.30 | Lat.: |-0.54| compartment def.
0 Keeper Plate Rupture, None Boll: -3.53 | Long.: | 11.33 | Long.: | -0.29 No occupant High
Right 1/4 Bolt Release Pitch:| -5.85| Lat.: | 0.94 | Lat. |-0.78 | compartment def.
g 25 Keeper Plate Rupture, None Roll: | -2.15 | Long.: |-11.44| Long.: | -0.78 |  No occupant Hich
Bolt Release Pitch:| 1.53 | Lat.: | 0.28 | Lat. |-1.07 | compartment def. e
0 Keeper Plate Rupture, None Rloll: 1.77 |Long.: | -6.97 | Long.: | -0.47 |  No occupant High
Left 1/4 Bolt Release Pitch:| 0.79 | Lat.: | 1.13 | Lat: | 0.74 | compartment def.
25 Keeper Plate Rupture, None Roll: | -1.09 | Long: | -7.39 | Long.: | 0.60 No occupant Hich
Bolt Release Pitch: | 2.60 | Lat.: | 0.76 | Lat.: | 0.96 | compartment def. e
0 Keeper Plate Rupture, None Boll: 2.46 |Long.:|-7.14 | Long: | -0.52 No occupant High
Bolt Release Pitch:| 0.65 | Lat.: | 0.18 | Lat.: |-0.41 | compartment def.
MASH 3-62 | Center
25 Keeper Plate Rupture, None Roll: |-3.07 | Long.: | -7.14 | Long.: | -0.36 No occupant Hich
Bolt Release Pitch:| 0.64 | Lat: | 033 | Lat: |-042 | compartment def, | =
0 Keeper Plate Rupture, None R.oll: -5.00 | Long.: | -7.15 | Long.: | -0.34 No occupant High
Richt 1/4 Bolt Release Pitch: | 0.63 | Lat.: |-1.00 | Lat.: |-0.94 | compartment def.
g 25 Keeper Plate Rupture, None Roll: |-0.71 | Long.: | -7.00 | Long.: | -0.63 |  No occupant High
Bolt Release Pitch: | 0.53 | Lat.: |-1.35| Lat.: |-1.07 | compartment def.

Figure D-32. Detailed Simulation Results, Simulation Number 53
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Impact
. Pole Mast | Breakaway Pole Weight . | Impact ] -
Pole Height [ft . . . MASH Desig. . Angle Pole Dynamics Description
ght (1] Dimensions [ Arm Base Type | Thickness [Ib] & Location ¢l
(Degree)
0 . ) . ) ) .
Left /4 Pole falls to the rear side of the vehicle and clips the c-pillar while falling
25 Pole falls to the rear side of the vehicle and clips the c-pillar while falling
0 Pole rotates ~135 deg CCW about the z-axis while falling and impacts front passenger side of roof,
just above front passenger side door, then falls off roof

MASH 3-60 | Center = axic while fall " "

25 Pole rotates ~90 deg CCW about the z-axis while falling and impacts rear passenger side of roof and
! . . .| 4-Bolt Slip rear window, then falls off roof
20 20 6.5"Base | Single 4 Base 11 ga. 22b 0 Pole falls to the passenger side of the vehicle and does not make contact with the occupant
Right 1/4 : compartment :
25 Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
MASH 3-61 | Center 0 Pole flips over vehicle, while rotaFing ccw a?out the z-axis, \{\/ithout contacting the o-ccgpath
compartment or the rest of the vehicle, then hit the ground, with the top of the pole hitting first
MASH 3-62 | Center 0 Pole flips over vehicle, while rota.tlng ccw a?out the z-axis, \fmthout contacting the o'cc.upath
compartment or the rest of the vehicle, then hit the ground, with the top of the pole hitting first

Figure D-33. Simulation Pole Dynamics Description, Simulation Number 20

Pole Dynamics Description

Pole falls without rotating about the z-axis and falls on the rear center of the roof and rear window, then
falls off roof

Pole falls without rotating about the z-axis and falls on the rear center of the roof and rear window, then
falls off roof

Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle, then hit the
ground, with the top of the pole hitting first

. Impact
Pole Height [ft] 'Pole' Mast Arm Breakaway ?ole Weight MASH Desig. Incht Angle
Dimensions Base Type | Thickness [Ib] Location
(Degree)
0
MASH 3-60 | Center
. 25
21 20 6.5" Base | Dual 4' 4'Bl;’lt5hp 1lga | 3121b
ase MASH 3-61 | Center | 0
MASH 3-62 | Center 0

Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle, then hit the
ground, with the top of the pole hitting first

Figure D-34. Simulation Pole Dynamics Description, Simulation Number 21
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Impact

Pole Height [ft] . Pole- Mast Arm| Breakaway Pole Weight MASH Desig. Impa‘ct Angle
Dimensions Base Type | Thickness [1b] Location
(Degree)
0
MASH 3-60 | Center
. 25
2 20 7" Base |Single 10' 4'B]‘3’1t SEP | 11 ga | 26116
ase MASH 3-61 | Center | 0
MASH 3-62 | Center 0

Pole Dynamics Description

Pole rotates ~75 deg CCW about the z-axis while falling and impacts passenger side of roof and
rear window, then falls off roof
Pole rotates ~45 deg CCW about the z-axis while falling and impacts rear center of roof and rear
window, then falls off roof
Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant
compartment or the rest of the vehicle, then hit the ground, with the top of the pole hitting first
Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant
compartment or the rest of the vehicle, then hit the ground, with the top of the pole hitting first

Figure D-35. Simulation Pole Dynamics Description, Simulation Number 22
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Impact

Pole | Height [f] | _ " |Mast Arm| Breakaway | Pole | Welght )\ qpy iy | Tmpact |y e
Dimensions Base Type | Thickness [Ib] Location
(Degree)
0
Left 1/4
25
0
MASH 3-60 | Center
25
0
Right 1/4
25
0
Left 1/4
25
4-bolt Sli 0
23 20 7" Base | Dual 10' p 11 ga 3811b | MASH 3-61 | Center
Base
25
0
Right 1/4
25
0
Left 1/4
25
0
MASH 3-62 | Center
25
0
Right 1/4
25

Pole Dynamics Description

Pole falls to the driver side of the vehicle and does not make contact with the occupant
compartment

Pole falls to the driver side of the vehicle and clips the A-pillar while falling
Pole falls without rotating about the z-axis and falls on the rear center of the roof and rear
window, then falls off roof
Pole falls without rotating about the z-axis and falls on the front passenger side of the roof, then
impacts rear passenger side of the roof while falling off vehicle
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first

Figure D-36. Simulation Pole Dynamics Description, Simulation Number 23
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Impact

. Pole Mast | Breakaway Pole Weight .| Impact
Pol Height [ft MASH Desig. Angl
o cight [ Dimensions | Arm Base Type | Thickness [Ib] ose Location nee
(Degree)
0
Left 1/4
25
0
MASH 3-60 | Center
. 25
4-Bolt S
30 30' 7.5"Base | Single 4' olt Slip 11 ga. 300 Ib
Base 0
Right 1/4
25
MASH 3-61 | Center 0
MASH 3-62 | Center 0

Pole Dynamics Description

Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole rotates ~135 deg CCW about z-axis while falling and impacts front passenger side of roof and front
windshield, and then impacts rear passenger side of roof while falling off roof
Pole rotates ~150 deg CCW about z-axis while falling and impacts front center of roof and front
windshield, and then impacts rear passenger side of roof while falling off roof
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant
compartment or the rest of the vehicle, then hit the ground, with the top of the pole hitting first
Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant
compartment or the rest of the vehicle, then hit the ground, with the top of the pole hitting first

Figure D-37. Simulation Pole Dynamics Description, Simulation Number 30

. Impact
Pole | Height [f] | - PO |Mast Arm| Breakaway | Pole | Weight |\, qpypyoge | Tmpact |0
Dimensions Base Type | Thickness [1b] Location
(Degree)
0
MASH 3-60 | Center
. 25
31 30 7.5"Base | Dual 4 4'Bl‘3’25hp 11ga | 3901b
s MASH 3-61 | Center 0
MASH 3-62 | Center 0

Pole Dynamics Description

Pole falls without rotating about the z-axis and falls on the front center of the roof and front windshield, then
impacts rear center of the roof while falling off vehicle
Pole falls without rotating about the z-axis and falls on the front center of the roof and front windshield, then
impacts rear center of the roof and rear window while falling off vehicle
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle, then hit the ground,
with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle, then hit the ground,
with the top of the pole hitting first

Figure D-38. Simulation Pole Dynamics Description, Simulation Number 31
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Impact

. Pole Mast | Breakaway Pole Weight .| Impact
Pol Height [ft MASH Desig. An
o cight [f] Dimensions |  Arm Base Type | Thickness [Ib] eSE Location gle
(Degree)
0
Left 1/4
25
4-Bolt Sli 0
34-1 30' 8"Base |Single 10'| ot Sip 11 ga. 3491 | MASH 3-60 | Center
Base 25
0
Right 1/4
25

Pole Dynamics Description

Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment

Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment

Pole rotates ~75 deg CCW about z-axis while falling and impacts the front passenger side of roof,
defroming the length of the roof to the rear passenger side, then falls off roof
Pole rotates ~75 deg CCW about z-axis while falling and impacts the frontcenter of roof, defroming the
length of the roof to the rear center of roof, then falls off roof

Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment

Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment

Figure D-39. Simulation Pole Dynamics Description, Simulation Number 34-1

Pole Dynamics Description

Pole falls without rotating about the z-axis and falls on the front center of the roof and front windshield, then
impacts rear center of the roof while falling off vehicle

. Impact
Pole Height [ft] . Pol? Mast Arm Breakaway .Pole Weight MASH Desig. Impgct Angle
Dimensions Base Type | Thickness [1b] Location
(Degree)
4-Bolt Sli 0
34-2 30' 8" Base | Dual 10' P 11 ga. 468 1b | MASH 3-60 | Center
Base 25

Pole falls without rotating about the z-axis and falls on the front passenger side of the roof and front windshield,
then impacts rear passenger side of the roof while falling off vehicle

Figure D-40. Simulation Pole Dynamics Description, Simulation Number 34-2

Pole Dynamics Description

Pole rotates ~60 deg CCW about z-axis while falling and impacts the front center of roof, defroming the length of
the roof to the rear passenger side, then falls off roof

Pole rotates ~60 deg CCW about z-axis while falling and impacts the front center of roof, deforming the length of
the roof to the rear center of roof, then falls off vehicle

. Impact
Pole | Height [ft] ,PO]C. Mast Arm Breakaway ?ole Weight MASH Desig. lmpa.ct Angle
Dimensions Base Type | Thickness [Ib] Location
(Degree)
0
MASH 3-60 | Center
. 25
4-Bolt SI
32 30 8.5" Base |Single 20' ];’ass P 11ga | 4331
MASH 3-61 | Center 0
MASH 3-62 | Center 0

Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant compartment or the
rest of the vehicle, then hit the ground, with the top of the pole hitting first

Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant compartment or the
rest of the vehicle, then hit the ground, with the top of the pole hitting first

Figure D-41. Simulation Pole Dynamics Description, Simulation Number 32
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Impact

Pole | Height [f] | _ " |Mast Arm| Breakaway | Pole | Welght |y \qpy iy | Tmpact |y e
Dimensions Base Type | Thickness [1b] Location
(Degree)
0
Left 1/4
25
0
MASH 3-60 | Center
25
0
Right 1/4
25
0
Left 1/4
25
4-bolt Sl 0
33 30' 8.5" Base | Dual 20" P 11 ga 3811b | MASH 3-61 | Center
Base
25
0
Right 1/4
25
0
Left 1/4
25
0
MASH 3-62 | Center
25
0
Right 1/4
25

Pole Dynamics Description

Pole falls to the driver side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the driver side of the vehicle and does not make contact with the occupant
compartment
Pole falls without rotating about the z-axis and falls on the front center of the roof, then impacts
rear center of the roof while falling off vehicle
Pole falls without rotating about the z-axis and falls on the rear passenger side of the roof, then
falls off vehicle
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first

Figure D-42. Simulation Pole Dynamics Description, Simulation Number 33
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Impact

. Pole Mast | Breakaway Pole Weight . | Impact
Pol Height [ft MASH Desig. Angl
o cight [ Dimensions | Arm Base Type | Thickness [Ib] 5% Location e
(Degree)
0
Left 1/4
25
0
MASH 3-60 | Center
25
. 4-Bolt Sli
35 35 8"Base | Single 4' olt Slip 11 ga. 347 b
Base 0
Right 1/4
25
MASH 3-61 | Center 0
MASH 3-62 | Center 0

Pole Dynamics Description

Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole rotates ~180 deg CCW about z-axis while falling and impacts front center of roof, and then deforms
rear passenger side of roof while falling off roof
Pole rotates ~180 deg CCW about z-axis while falling and impacts front center of roof, and then deforms
rear passenger side of roof and rear window while falling off roof
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant
compartment or the rest of the vehicle, then hit the ground, with the top of the pole hitting first
Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant
compartment or the rest of the vehicle, then hit the ground, with the top of the pole hitting first

Figure D-43. Simulation Pole Dynamics Description, Simulation Number 35

. Impact
Pole | Height [ft] ‘Pole' Mast Arm Breakaway ?ole Weight MASH Desig. lmpa.ct Angle
Dimensions Base Type | Thickness [Ib] Location
(Degree)
0
MASH 3-60 | Center
. 25
4-Bolt SI
36 35 8" Base | Dual 4' ];’ases P q1ga | 4371
MASH 3-61 | Center 0
MASH 3-62 | Center 0

Pole Dynamics Description

Pole falls without rotating about the z-axis and falls on the front center of the roof and front windshield, then
impacts rear center of the roof while falling off vehicle
Pole falls without rotating about the z-axis and falls on the front passenger side of the roof, then impacts rear
passenger side of the roof while falling off vehicle
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle, then hit the ground,
with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle, then hit the ground,
with the top of the pole hitting first

Figure D-44. Simulation Pole Dynamics Description, Simulation Number 36
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Impact

. Pole Mast | Breakaway Pole Weight .| Impact
Pol Height [ft MASH Desig. An
oe cight [f] Dimensions | Arm Base Type | Thickness [ [Ib] sie Location gle
(Degree)
0
Left 1/4
25
. 4-Bolt Slip 0
39-1 35 8.5"Base |Single 10 Base 11 ga. 3931b | MASH 3-60 | Center
25
0
Right 1/4
25

Pole Dynamics Description

Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment

Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole rotates ~75 deg CCW about z-axis while falling and impacts the front driver side of roof, then
impacts rear center of the roof while falling off vehicle
Pole rotates ~75 deg CCW about z-axis while falling and impacts the front center of roof and front
windshield, then impacts rear passenger side of the roof while falling off vehicle

Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment

Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment

Figure D-45. Simulation Pole Dynamics Description, Simulation Number 39-1

. Impact
Pole Height [ft] . PO]C. Mast Arm Breakaway F’ole Weight MASH Desig. Impa'ct Angle Pole Dynamics Description
Dimensions Base Type | Thickness [1b] Location
(Degree)

0 Pole falls without rotating about the z-axis and falls on the front center of the roof, then impacts rear center of the

4-Bolt Sli f while falli ff vehicl

392 35' 8.5" Base | Dual 10’ P 1 11ga | 5131b | MASH3-60 | Center , , . footwhile fafling oft vehicle , .
Base 25 Pole falls without rotating about the z-axis and falls on the front center of the roof, then impacts rear passenger side
of the roof while falling off vehicle
Figure D-46. Simulation Pole Dynamics Description, Simulation Number 39-2
Pol Break Pole | Weight Impact | Pt
. reakawa; 1 . a . -
Pole Height [ft] . © e. Mast Arm ¢ Y . ol cie MASH Desig. mp ,C Angle Pole Dynamics Description
Dimensions Base Type | Thickness [1b] Location
(Degree)
0 Pole rotates ~60 deg CCW about z-axis while falling and impacts the front driver side of roof, defroming the length
MASH 3-60 Center of the rc?of tov the r?ar cent'er of roof, then falls off roof 4
25 Pole rotates ~45 deg CCW about z-axis while falling and impacts the front center of roof, defroming the length of
37 35 9" Base | Single 20" 4-Bolt Slip 11 ga. 485 1b ‘ the roof Fo the r?ar centfer of roof, then impacts. realt center of the‘roof while falling off vehicle
Base MASH 3-61 Center 0 Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant compartment or the
rest of the vehicle, then hit the ground, with the top of the pole hitting first
MASH 3-62 | Center 0 Pole flips over vehicle, while rotat'lng CCW al?out the z-axis, V}/|th0ut contacting the oFchath compartment or the
rest of the vehicle, then hit the ground, with the top of the pole hitting first

Figure D-47. Simulation Pole Dynamics Description, Simulation Number 37
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Impact

Pole | Height [f] | _ " |Mast Arm| Breakaway | Pole | Welght |y \qpy iy | Tmpact |y e
Dimensions Base Type | Thickness [1b] Location
(Degree)
0
Left 1/4
25
0
MASH 3-60 | Center
25
0
Right 1/4
25
0
Left 1/4
25
4-bolt Sl 0
38 35 9" Base | Dual 20' P 11 ga 6561b | MASH 3-61 | Center
Base
25
0
Right 1/4
25
0
Left 1/4
25
0
MASH 3-62 | Center
25
0
Right 1/4
25

Pole Dynamics Description

Pole falls to the driver side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the driver side of the vehicle and does not make contact with the occupant
compartment
Pole falls without rotating about the z-axis and falls on the front center of the roof and deforms
the length of roof to the rear center of the roof, then falls off vehicle
Pole falls without rotating about the z-axis and falls on the front passenger side of roof, then
impacts rear passenger side of the roof while falling off vehicle
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first

Figure D-48. Simulation Pole Dynamics Description, Simulation Number 38
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Impact
. Pole Mast | Breakaway Pole Weight . | Impact ) _
Pole Height [ft X . . MASH Desig. . Angle Pole Dynamics Description
ght (1] Dimensions | Arm Base Type | Thickness [Ib] 5 Location B v P
(Degree)

0 Pole falls to the passenger side of the vehicle and does not make contact with the occupant

Left 1/4 compartment
25 Pole falls to the passenger side of the vehicle and does not make contact with the occupant

compartment

0 Pole rotates ~180 deg CCW about z-axis while falling and impacts front driver side of roof, and then
MASH 3-60 | Center deforms rear driver side of roof while falling off roof
) 5 Pole rotates ~150 deg CCW about z-axis while falling and impacts front driver side of roof, and then
40 40" 9"Base | Single 4' 4-Bolt Slip 11 ga. 411 b deforms rear driver side of roof while falling off roof

Base 0 Pole falls to the passenger side of the vehicle and does not make contact with the occupant

Right 1/4 compartment
25 Pole falls to the passenger side of the vehicle and does not make contact with the occupant

compartment
MASH 3-61 | Center 0 Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant

compartment or the rest of the vehicle, then hit the ground, with the top of the pole hitting first
MASH 3-62 | Center 0 Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant
compartment or the rest of the vehicle, then hit the ground, with the top of the pole hitting first

Figure D-49. Simulation Pole Dynamics Description, Simulation Number 40

. Impact
. Pole Breakawa, Pole Weight . Impact . .
Pole Height [ft] . R Mast Arm way . gh MASH Desig. P . Angle Pole Dynamics Description
Dimensions Base Type | Thickness [1b] Location
(Degree)
0 Pole falls without rotating about the z-axis and falls on the front center of the roof, then impacts rear center of the
MASH 3-60 | Center ' - . roof while falling off vehicle - '
25 Pole falls without rotating about the z-axis and falls on the front passenger of the roof and front windshield, then
41 40 9" Base Dual 4 4—B}(3):its:lip 11 ea. 501 1b e — timptactts-pastshenger sidetC-piIIar\:/thiIe iallintioffvihi:Li RN ;
MASH 3-61 | Center 0 ole flips over vehicle without contacting ‘ e occupant compa mAenA or . e rest of the vehicle, then hit the ground,
with the top of the pole hitting first
MASH 3-62 | Center 0 Pole flips over vehicle without contacting .the occupant compartm_en_t or .the rest of the vehicle, then hit the ground,
with the top of the pole hitting first

Figure D-50. Simulation Pole Dynamics Description, Simulation Number 41

ST-187-€0-d¥d.L "ON 1odoy JSUMIN

$T0T ‘81 10quia0o(]



S6¢

Impact

. Pole Mast | Breakaway Pole Weight . | Impact
Pol Height [ft MASH Desig. Angl
o cight 1 Dimensions | Arm Base Type | Thickness [Ib] ese Location nee
(Degree)
0
Left 1/4
25
4-Bolt Sly 0
44-1 40' 9.5"Base [Single 10' P 11 ga. 466 b | MASH 3-60 | Center
Base
25
0
Right 1/4
25

Pole Dynamics Description

Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole rotates ~90 deg CCW about the z-axis while falling and impacts front and rear driver side of roof,
just above driver side doors, then falls off roof
Pole rotates ~90 deg CCW about the z-axis while falling and impacts front center of roof, then impacts
rear driver side of roof while falling off vehicle
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment

Figure D-51. Simulation Pole Dynamics Description, Simulation Number 44-1

. Impact
Pole | Height [ft] | . P01§ Mast Arm Breakaway ?ole Weight MASH Desig. lmpa.ct Angle
Dimensions Base Type | Thickness [Ib] Location
(Degree)
4-Bolt Sl 0
44-2 40' 9.5" Base | Dual 10' P 11 ga. 5861b | MASH 3-60 | Center
Base 25

Pole Dynamics Description

Pole falls without rotating about the z-axis and falls on the front center of the roof, then impacts rear center of the
roof while falling off vehicle
Pole falls without rotating about the z-axis and falls on the front passenger side of the roofand front windshield,
then impacts rear passenger side of the roof while falling off vehicle

Figure D-52. Simulation Pole Dynamics Description, Simulation Number 44-2

. Impact
Pole Height [ft] . Pol§ Mast Arm Breakaway ?016 Weight MASH Desig. Impgct Angle
Dimensions Base Type | Thickness [1b] Location
(Degree)
0
MASH 3-60 | Center
. 25
4-Bolt SI
4 40 10" Base |Single 20' ];’ases P 11ga | 5561
MASH 3-61 | Center 0
MASH 3-62 | Center 0

Pole Dynamics Description

Pole rotates ~60 deg CCW about the z-axis while falling and impacts just above driver side doors and the C-pillar,
then falls off roof
Pole rotates ~60 deg CCW about the z-axis while falling and impacts front driver side of roof, then impacts rear
driver side of the roof while falling off vehicle

Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant compartment or the
rest of the vehicle, then hit the ground, with the top of the pole hitting first

Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant compartment or the
rest of the vehicle, then hit the ground, with the top of the pole hitting first

Figure D-53. Simulation Pole Dynamics Description, Simulation Number 42
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Impact

Pole | Height [f] | _ " |Mast Arm| Breakaway | Pole | Welght |y \qpy iy | Tmpact |y e
Dimensions Base Type | Thickness [1b] Location
(Degree)
0
Left 1/4
25
0
MASH 3-60 | Center
25
0
Right 1/4
25
0
Left 1/4
25
4-bolt Sl 0
43 40' 10" Base | Dual 20" P 11 ga 72716 | MASH 3-61 | Center
Base
25
0
Right 1/4
25
0
Left 1/4
25
0
MASH 3-62 | Center
25
0
Right 1/4
25

Pole Dynamics Description

Pole falls to the driver side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the driver side of the vehicle and does not make contact with the occupant
compartment
Pole falls without rotating about the z-axis and falls on the front center of the roof, then impacts
rear center of the roof while falling off vehicle
Pole falls without rotating about the z-axis and falls on the front center of the roof, then impacts
rear passenger side of the roof while falling off vehicle
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first

Figure D-54. Simulation Pole Dynamics Description, Simulation Number 43
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Impact

. Pole Mast | Breakaway Pole Weight . | Impact
Polk Height [ft MASH Desig. An,
o cight [ Dimensions [  Arm Base Type | Thickness [Ib] ese Location gle
(Degree)
0
Left 1/4
25
0
MASH 3-60 | Center
. 25
4-Bolt S
45 45 9.5"Base | Single 4' olt Slip 11 ga. 466 b
Base 0
Right 1/4
25
MASH 3-61 | Center 0
MASH 3-62 | Center 0

Pole Dynamics Description

Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole rotates ~180 deg CCW about z-axis while falling and impacts driver side A-pillar, and then deforms
driver side C-pillar while falling off vehicle
Pole rotates ~180 deg CCW about z-axis while falling and impacts front center of roof, and then impacts
rear driver side of roof while falling off vehicle
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant
compartment or the rest of the vehicle, then hit the ground, with the top of the pole hitting first
Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant
compartment or the rest of the vehicle, then hit the ground, with the top of the pole hitting first

Figure D-55. Simulation Pole Dynamics Description, Simulation Number 45

. Impact
Pole | Height [f] | - T |Mast Arm| Breakaway | Pole | Weight |\, qpypyoge | Tmpact |0
Dimensions Base Type | Thickness [1b] Location
(Degree)
0
MASH 3-60 | Center
. 25
46 45 9.5"Base | Dual 4' 4'B§::S§hp 1ga | 55716
MASH 3-61 | Center 0
MASH 3-62 | Center 0

Pole Dynamics Description

Pole falls without rotating about the z-axis and falls on the front center of the roof, then impacts rear center of the
roof while falling off vehicle
Pole falls without rotating about the z-axis and falls on the front passenger side of the roof, then impacts rear
passenger side of the roof while falling off vehicle

Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle, then hit the ground,
with the top of the pole hitting first

Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle, then hit the ground,
with the top of the pole hitting first

Figure D-56. Simulation Pole Dynamics Description, Simulation Number 46
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. Pole Mast | Breakaway Pole Weight . | Impact
Pol Height [ft MASH Desig. Angl
o cight [ft] Dimensions | Arm Base Type | Thickness [Ib] e Location neke
(Degree)
0
Left 1/4
25
_ 4-Bot Slip 0
49-1 45 10" Base |[Single 10' Base 11 ga. 5291b [ MASH 3-60 | Center
25
0
Right 1/4
25

Pole Dynamics Description

Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment

Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment

Pole rotates ~90 deg CCW about the z-axis while falling and impacts front windshield, then impacts rear
driver side of roof, just above driver side rear door, then falls off vehicle
Pole rotates ~90 deg CCW about the z-axis while falling and impacts front driver side of roof and front
windshield, then impacts rear driver side of roof and driver side C-pillar while falling off vehicle

Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment

Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment

Figure D-57. Simulation Pole Dynamics Description, Simulation Number 49-1

. Impact
Pole Height [ft] . Pol? Mast Arm Breakaway .Pole Weight MASH Desig. Impgct Angle Pole Dynamics Description
Dimensions Base Type | Thickness [1b] Location
(Degree)

0 Pole falls without rotating about the z-axis and falls on the front center of the roof, then impacts rear center of the

4-Bolt Sl f while falling off vehicl

492 45' 10" Base | Dual 10" P | 1lga | 6481b | MASH3-60 | Center _ _ _rootwhile tafling ot venicle -
Base 25 Pole falls without rotating about the z-axis and falls on the front passenger side of the roof and front windshield,
then impacts rear passenger side of the roof and passenger side C-pillar while falling off vehicle
Figure D-58. Simulation Pole Dynamics Description, Simulation Number 49-2
. Impact
Pole Height [ft] . PO]C. Mast Arm Breakaway ?ole Weight MASH Desig. llTIpa'Ct Angle Pole Dynamics Description
Dimensions Base Type | Thickness [1b] Location
(Degree)
0 Pole rotates ~60 deg CCW about the z-axis while falling and impacts just above driver side doors, then falls off roof
MASH 3-60 | Center g s while talling and Impacts J ve an . e ot
25 Pole rotates ~60 deg CCW about the z-axis while falling and impacts front driver side of roof and front windshield,
47 45 10.5" Base |Single 20 4-Bolt Slip 10 ga. 676 Ib ' the'n impa?ts rear ("Jriver side of roof and dvrivelt side C-pillar v‘vhile falling off vehicle
Base MASH 3-61 Center 0 Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant compartment or the
rest of the vehicle, then hit the ground, with the top of the pole hitting first
MASH 3-62 | Center 0 Pole flips over vehicle, while rotat»lng CCW al?out the z-axis, v_\/lthout contacting the o_ccypan_t compartment or the
rest of the vehicle, then hit the ground, with the top of the pole hitting first

Figure D-59. Simulation Pole Dynamics Description, Simulation Number 47
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Pole | Height [f] | _ "' |Mast Arm| Dreakaway | Pole | Welght |y \qpy iy | TmpaCt |y e
Dimensions Base Type | Thickness [Ib] Location
(Degree)
0
Left 1/4
25
0
MASH 3-60 | Center
25
0
Right 1/4
25
0
Left 1/4
25
4-bolt Sli 0
48 45 10.5" Base | Dual 20' p 10 ga 8471b | MASH 3-61 | Center
Base
25
0
Right 1/4
25
0
Left 1/4
25
0
MASH 3-62 | Center
25
0
Right 1/4
25

Pole Dynamics Description

Pole falls to the driver side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the driver side of the vehicle and does not make contact with the occupant
compartment
Pole falls without rotating about the z-axis and falls on the front center of the roof, then impacts
rear center of the roof and rear window while falling off vehicle
Pole falls without rotating about the z-axis and falls on the front center of the roof and front
windshield, then impacts rear center and passenger side of the roof while falling off vehicle
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first

Figure D-60. Simulation Pole Dynamics Description, Simulation Number 48
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Impact

. Pole Mast | Breakaway Pole Weight . | Impact
Pol Height [f MASH Desig. Angl
o cight [f] Dimensions | Arm Base Type | Thickness [Ib] e Location gl
(Degree)
0
Left 1/4
25
0
MASH 3-60 | Center
. 25
4-Bolt S
50 50" 10.5" Base | Single 8' olt Slip 10 ga. 642 b
Base 0
Right 1/4
25
MASH 3-61 | Center 0
MASH 3-62 | Center 0

Pole Dynamics Description

Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment

Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment

Pole rotates ~150 deg CCW about z-axis while falling and impacts front center of roof, then deforms rear
center of roof while falling off vehicle
Pole rotates ~135 deg CCW about z-axis while falling and impacts front center of roof and front
windshield, then impacts the rear center and driver side of roof and rear window while falling off

Pole falls to the passenger side of the vehicle and clips the c-pillar while falling
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant
compartment or the rest of the vehicle, then hit the ground, with the top of the pole hitting first
Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant
compartment or the rest of the vehicle, then hit the ground, with the top of the pole hitting first

Figure D-61. Simulation Pole Dynamics Description, Simulation Number 50

. Impact
Pole | Height [i] | . TO' |Mast Arm| Breakaway | Pole  Weight |\, pyogo | Tmpact |y ol
Dimensions Base Type | Thickness [1b] Location
(Degree)
0
MASH 3-60 | Center
. 25
51 50 10.5" Base | Dual 8 4'B§:Shp 10ga. | 7491b
se MASH 3-61 | Center 0
MASH 3-62 | Center 0

Pole Dynamics Description

Pole falls without rotating about the z-axis and falls on the front center of the roof, then impacts rear center of the
roof and rear window while falling off vehicle
Pole falls without rotating about the z-axis and falls to the passenger side of the vehicle without contacting the roof
or windows. There is small deformation to the rear passenger side door (~0.5 in.)

Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle, then hit the ground,
with the top of the pole hitting first

Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle, then hit the ground,
with the top of the pole hitting first

Figure D-62. Simulation Pole Dynamics Description, Simulation Number 51
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Pole Height [ft] . POIC_ Mast Arm Breakaway ?ole Weight MASH Desig. Impgct Angle
Dimensions Base Type | Thickness [1b] Location
(Degree)
0
MASH 3-60 | Center
. 25
4-Bolt SI
52 50 10.5" Base |Single 25' ];’ases P 10ga. | 67610
MASH 3-61 | Center 0
MASH 3-62 | Center 0

Pole Dynamics Description

Pole rotates ~90 deg CCW about the z-axis while falling and impacts front driver side of roof, then impacts rear
center of the roof and rear window while falling off vehicle
Pole rotates ~90 deg CCW about the z-axis while falling and impacts front driver side of roof and front windshield,
then impacts rear center of the roof and rear window while falling off vehicle

Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant compartment or the
rest of the vehicle, then hit the ground, with the top of the pole hitting first

Pole flips over vehicle, while rotating CCW about the z-axis, without contacting the occupant compartment or the
rest of the vehicle, then hit the ground, with the top of the pole hitting first

Figure D-63. Simulation Pole Dynamics Description, Simulation Number 52
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Pole | Height [f] | _ "' |Mast Arm| Dreakaway | Pole | Welght |y \qpy iy | TmpaCt |y e
Dimensions Base Type | Thickness [Ib] Location
(Degree)
0
Left 1/4
25
0
MASH 3-60 | Center
25
0
Right 1/4 ——
25
0
Left 1/4
25
4-bolt Sli 0
53 50' 10.5" Base | Dual 15' p 7ga 9861b | MASH 3-61 | Center
Base
25
0
Right 1/4
25
0
Left 1/4
25
0
MASH 3-62 | Center
25
0
Right 1/4
25

Pole Dynamics Description

Pole falls to the driver side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the driver side of the vehicle and does not make contact with the occupant
compartment
Pole falls without rotating about the z-axis and falls on the front center of the roof, then impacts
rear center of the roof and rear window while falling off vehicle
Pole falls without rotating about the z-axis and falls on the front driver side of the roof, then
impacts rear driver side of the roof and rear window while falling off vehicle
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole falls to the passenger side of the vehicle and does not make contact with the occupant
compartment
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first
Pole flips over vehicle without contacting the occupant compartment or the rest of the vehicle,
then hit the ground, with the top of the pole hitting first

Figure D-64. Simulation Pole Dynamics Description, Simulation Number 53
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