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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, Iowa, 

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 Iowa, 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, Iowa, 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-lb. 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-lb. 

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-lb. 

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, Iowa, 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 ½ in. with a center hole diameter of 1.063 in. Each 

clamp bolt is placed in a 60-degree, ½-in. radius slot in the top plate, with each bolt torqued to 150 

ft-lb for Type 15-S and Type 30 pole designs, and to 200 ft-lb for the Type 31 pole design. The 

top plate is 1¼ in. thick and 13¾ in. x 13¾ in. wide. The keeper plate is 0.0149 in. thick and is 

13¾ in. x 13¾ in. wide with a 9-in. center hole diameter. The slip plate has a total thickness of 2½ 

in., with an upper portion measuring 1½ 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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Figure 1. Caltrans Type 30 Slip Base Details [8] 
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Figure 2. Caltrans Type 30 Slip Base Details, Cont. [8] 

2.2.2 Iowa DOT Slip Base Design 

 In the survey, Iowa 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, 4½-in. long 

clamp bolts with heavy hex nuts in a 14-in. diameter bolt circle. The clamp washers measure 3½ 

in. x 2 in. x ⁵⁄₁₆ in. with a center hole diameter of 1⅛ in. Each clamp bolt is placed in a 60-degree, 

⁹⁄₁₆-in. radius slot in the top plate, with each bolt being torqued to 83⅓ ft-lb. The top slip base plate 
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is 1¼ 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 2½ in. thick in total, with an upper portion thickness of 1½ 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.  

    

 

Figure 3. Iowa DOT Valmont Millerbernd Slip Base Details [10] 
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Figure 4. Iowa DOT Valmont Millerbernd Slip Base Details, Cont. [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-lb, then loosened, and re-torqued to 70 ft-lb. 

   

  

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, ¹⁷⁄₃₂-in. radius slot in the top plate, with each bolt 

torqued to 80 ft-lb, loosened, then retightened to 70 ft-lb. The top plate is 1 in. thick and 13½ in. 

x 13½ in. wide. The keeper plate is 0.01563 in. thick and is 10¹¹⁄₁₆ in. x 10¹¹⁄₁₆ in. wide with a 6¾-

in. center hole diameter. The slip plate is 2½ in. thick in total, with an upper portion thickness of 

1½ in., a bottom portion thickness of 1 in., and a center hole diameter of 6¾ 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. 

     

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. 

 

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 1¼-in. diameter bolts with heavy hex nuts. Each bolt is placed in a 60-degree, 

¹¹⁄₁₆-in. radius slot in the top plate, with each bolt torqued to 83⅓ ft-lb. The top plate is 1¼ in. thick. 

The keeper plate is 0.0149 in. thick. The slip plate is 2½-in. thick in total, with an upper portion 

thickness of 1½ 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. 

  

 

Figure 9. North Dakota DOT Slip Base Details [17] 



December 18, 2025  

MwRSF Report No. TRP-03-481-25 

 

16 

2.2.8 West Virginia DOT Slip Base Design 

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.  

 

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 1⅛-in. diameter bolts with heavy hex nuts. The bolt torque varies 

depending on the arm configurations, with 90 ft-lb for a single arm and 100 ft-lb for dual arms. 

The top plate is 1¼ in. thick and the keeper plate is 0.0299 in. thick. The slip plate is 2½ in. thick 

in total, with an upper portion thickness of 1¼ in. and bottom portion thickness of 1¼ in. The slip 

bolt circle is 15 in. Drawings of the slip base are provided in Figure 12. 
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Figure 12. Washington DOT Slip Base Details [19] 
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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 1⅛-in. diameter bolts with heavy hex nuts. The bolt torque varies depending on the 

number of arms, with 90 ft-lb for a single arm and 100 ft-lb for dual arms. The top plate is 1¼ in. 

thick and the keeper plate is 0.0299 in. thick. The slip plate is 2½ in. thick in total, with an upper 

portion thickness of 1¼ in. and bottom portion thickness of 1¼ in. The slip bolt circle is 15 in. 

Drawings of the slip base are provided in Figures 13 and 14. 

 

Figure 13. Oregon DOT Slip Base Details [20] 
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Figure 14. Oregon DOT Slip Base Details, Cont. [20] 



December 18, 2025  

MwRSF Report No. TRP-03-481-25 

 

21 

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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Figure 15. Arizona DOT Slip Base Details (Out-of-date) [21] 
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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 10⅞ in. and a top diameter of 6 in. The pole was 

made of galvanized steel and weighed approximately 883 lb. The systems shared many similarities 

with the Caltrans Type 31 luminaire system. The luminaire pole configuration is shown in Figure 

16. 

 

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 5⅜ in., (4) the pole wall thickness was 0.1193 in., and (5) the pole weighed 627 lb. 

In test no. 404, a 2,015-lb 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-lb 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-lb 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-lb 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 lb. 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, ¹⁷⁄₃₂-in. radius slot in the 

top plate, with each bolt torqued to 70 ft-lb. The top plate was 1 in. thick and 13½ in. x 13½ in. 

wide. The keeper plate was 0.0149 in. thick and was 10⁹⁄₁₆ in. x 10⁹⁄₁₆ in. wide with a 6¾-in. center 

hole diameter. The slip plate was 2½ in. thick in total, with an upper portion measuring 1½ in. and 

the lower portion 1 in. thick. The center hole diameter was 6¾ 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 21. Utah DOT Luminaire Pole System, Test Nos. USBLM-1 and USBLM-2 [5]  

 

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-lb 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-lb 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 lb. 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 lb. 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 25. Arizona Luminaire Pole System, Test Nos. 472360-1 and 472360-2 [25] 

 

Figure 26. Arizona Slip Base, Test Nos. 472360-1, 472360-2, and 472360-3 [25] 
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In test no. 472360-1, an 1,808-lb 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. 

 

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-lb 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-lb 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 31. Vehicle Damage, Test No. 472260-3 [25] 

 

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 6½ in. with a wall 

thickness of 0.125 in. The pole material was ASTM A595 Grade A steel and weighed 

approximately 800 lb. 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, ¹⁷⁄₃₂-in. radius slot in the top plate, 

with each bolt torqued to 80 ft-lb. The top plate was 1 in. thick and 13½ in. x 13½ in. wide. The 

keeper plate was 0.01563 in. thick and was 10¹¹⁄₁₆ in. x 10¹¹⁄₁₆ in. wide with a 6¾-in. center hole 

diameter. The slip plate was 2½ in. thick in total, with an upper portion thickness of 1½ in. and 

bottom portion thickness of 1 in., and a center hole diameter of 6¾ 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 lb. 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-lb 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 34. Vehicle Damage, Test No. 472280-1 [14] 

 

Figure 35. Luminaire Pole Damage, Test No. 472280-1 [14] 

In test no. 472280-2, an 1,808-lb 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] 

  

Figure 37. Luminaire Pole Damage, Test No. 472280-2 [14] 

In test no. 472280-3, an 1,808-lb 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 38. Vehicle Damage, Test No. 472280-3 [14] 

 

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-lb 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 5½ 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-lb 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-lb 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 45. Vehicle Damage, Test No. 616 [26] 

 

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 8 in. and a top 

diameter of 5½ 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-lb 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-lb 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-lb 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 lb.  

 

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-lb 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 lb. 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 lb. 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 lb. 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 lb. 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 lb. 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 lb. 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 54. Eligibility Letter LS-16 Pendulum Testing – Slip Base Drawings [27]  
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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 lb. 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 lb. 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 1 in. 1¼ in. 

Lower Slip Plate Thickness 1¼ in. 1½ in. 

Anchor Plate Thickness - 1¼ in. 

Steel Keeper Plate Thickness - 0.0149 in. (28 gauge) 

Height of Top of Lower Slip 

Plate from Ground Line 
- 4 in. 

Clamp Bolt Diameter ⅞ in. 1¼ in. 

Clamp Bolt Tension per Bolt - 8,000 lb 

Mounting Height - 56.5 ft 

System Weight* - 1,000 lb 

“-” 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 

 (in.) 

Torque  

(ft-lb) 

⅞ 87 

1 95 

1⅛ 104 

1¼ 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 ⅟₁₆ 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, 13½ in. wide, and 13½ in. long, and had a 13-in. bolt circle with four 90-degree, ¹⁷⁄₃₂-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 ½ 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), 10²¹/₃₂ in. wide, and 10²¹/₃₂ in. 

long. The bolt holes were 1⅛ in. diameter, and the central circle cutout was 6⅞ 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 ½ 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 1½-in. thick x 11½-in. wide x 11½-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, ¹⁷⁄₃₂-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 1⅛ in. in 

diameter and were 1¼ 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 ½ 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 1½-in. thick plate, fully modeled using type 

2 fully integrated solid elements with an average element size ½ 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. 

 

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 ½ in. thick. The entire slip bolt assembly was 

made of A325 steel and torqued to 70 ft-lb. 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 ½ 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 ½ 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.  

 

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 
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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 MwRSF 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 mm², 

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-lb 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-lb corresponds to the variable T in the equation below. The K-value 

of 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]. 

𝐶𝑙𝑎𝑚𝑝𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒 𝑝𝑒𝑟 𝐵𝑜𝑙𝑡 = 𝐹 =
𝑇

𝐾𝐷
=

70𝑓𝑡 ∗ 𝑙𝑏𝑠

0.25(1𝑖𝑛.∗
1𝑓𝑡

12 𝑖𝑛.
)

= 3360 𝑙𝑏𝑠 = 14.945 𝑘𝑁; 

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. 

 𝑆𝑡𝑟𝑒𝑠𝑠 𝑝𝑒𝑟 𝐵𝑜𝑙𝑡 =
𝐹

𝐴
=

𝐹
𝜋

4
(𝐷)2

=
3360 𝑙𝑏𝑠
𝜋

4
(1 𝑖𝑛.)2

= 4278.1 𝑝𝑠𝑖 = 0.0294949 
𝑘𝑁

𝑚𝑚2 

Equation 2. Stress per Bolt  

The stress was applied gradually for 2½ 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.  

 

Figure 66. Slip Base Preload 
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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 lb. 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. 

 

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 ¾ 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. 

Bottom 

Top 
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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-lb 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-lb weights, for a total of 75 lb, 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 lb.   
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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-lb (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-lb (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. 
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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 lb. 

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-lb 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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Figure 74. Comparison of Simulation (top) and Test No. USBLM-1 (bottom) Sequential Images [5]
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Figure 75. Comparison of Simulation (top) and Test No. USBLM-1 (bottom) Sequential Images, Cont. [5] 
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Figure 76. Comparison of Simulation (top) and Test No. USBLM-1 (bottom) Sequential Images, Cont. [5]
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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 

Evaluation 

Parameters 

Time of 

Pole 

Contact 

with Roof 

(sec) 

Time of 

Pole 

Contact 

with 

Ground 

(sec) 

Roof 

Crush 

(in.) 

Long. 

OIV  

(ft/s) 

Change in 

Velocity 

(ft/s) 

Long. 

ORA  

(g’s) 

USBLM-1 

Crash Test 
2.33 2.73 

Not 

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 OIV 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 



December 18, 2025  

MwRSF Report No. TRP-03-481-25 

 

82 

"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 lb while the mass of the Dodge Colt from test no. USBLM-1 was 1,750 

lb.  

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-lb 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 

Evaluation 

Parameters 

Time of 

Pole 

Contact 

with Roof 

(sec) 

Time of 

Pole 

Contact 

with 

Ground 

(sec) 

Roof 

Crush 

(in.) 

Long. 

OIV  

(ft/s) 

Change in 

Velocity 

from  

0-100 msec 

(ft/s) 

Change in 

Velocity 

from  

100-175 

msec 

(ft/s) 

Long. 

ORA 

(g’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 lb, while the mass of the Dodge Colt from test no. USBLM-2 was 1,750 lb.  

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-lb 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 

No. 

Bolt Torque 

(ft-lb) 
Source 

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] 

8 200 Caltrans Type 31 Slip Base [8] 

 

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 lb 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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Table 7. Bolt Torque Alteration Simulation Results 

Evaluation 

Parameters 

Time of Pole 

Contact with 

Roof or 

Windshield 

(sec) 

Time of 

Pole 

Contact 

with 

Ground 

(sec) 

Long. 

OIV  

(ft/s) 

Long. 

ORA 

 (g’s) 

Occupant 

Compartment 

Deformation 

(in.) 

Location of 

Maximum Occupant 

Compartment 

Deformation 

Sim. No. 1 

(60 ft-lb) 
1.73 2.08 7.04 0.92 7.13 Rear Center of Roof 

Sim. No. 2 

(70 ft-lb) 
1.71 2.05 7.23 1.24 6.87 Rear Center of Roof 

Sim. No. 3 

(80 ft-lb) 
1.74 2.08 7.24 0.89 6.34 Rear Center of Roof 

Sim. No. 4 

(90 ft-lb) 
1.79 2.16 8.09 0.88 7.49 Rear Center of Roof 

Sim. No. 5 

(100 ft-lb) 
1.79 2.20 8.40 0.80 8.68 Rear Center of Roof 

Sim. No. 6 

(111 ft-lb) 
1.92 2.22 8.42 0.84 7.69 Rear Center of Roof 

Sim. No. 7 

(150 ft-lb) 
1.90 2.28 9.95 1.10 10.69 Rear Center of Roof 

Sim. No. 8 

(200 ft-lb) 
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-lb 

The slip base model was not validated for bolt torques other than 70 ft-lb. 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. 

    
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 lb 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 lb, 

used in the baseline simulation models, to 50 lb for the subsequent simulations. This adjustment 

was made based on recommendations from state DOT representatives as 50 lb 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  

*Note: “S” mast configuration = Single Arm, “D” mast configuration = Dual Arm 

Simulation 

No. 

Pole 

Height  

(ft) 

Mast Arm 

Length  

(ft) 

Mast 

Arm 

Config.* 

Pole wall 

Thickness      

(in.) 

Pole Base 

Dia.           

(in.) 

Pole 

Top 

Dia.           

(in.) 

Valmont Pole 

Model Name 

Pole 

Weight  

(lb) 

Arm and 

Connection  

(lb) 

Mast-end 

Weights   

(lb) 

Total 

Weight    

(lb) 

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 4.41 DS66 534 116 100 750 

52 50 15 S 0.1345 10.50 4.41 DS66 534 88 50 672 

53 50 15 D 0.1760 10.50 4.41 DS66 710 176 100 986 

https://valmont.showpad.com/share/ynQDCd1Ci7DR19o7hFZw1
https://valmont.showpad.com/share/ynQDCd1Ci7DR19o7hFZw1
https://valmont.showpad.com/share/ynQDCd1Ci7DR19o7hFZw1
https://valmont.showpad.com/share/ynQDCd1Ci7DR19o7hFZw1
https://valmont.showpad.com/share/q3Is67hscUFFTWadixZrK
https://valmont.showpad.com/share/q3Is67hscUFFTWadixZrK
https://valmont.showpad.com/share/ynQDCd1Ci7DR19o7hFZw1
https://valmont.showpad.com/share/ynQDCd1Ci7DR19o7hFZw1
https://valmont.showpad.com/share/4pyfnuxGzHMCib9fYos4b
https://valmont.showpad.com/share/4pyfnuxGzHMCib9fYos4b
https://valmont.showpad.com/share/TIjWZaSAzkfWgqxPpFk2H
https://valmont.showpad.com/share/TIjWZaSAzkfWgqxPpFk2H
https://valmont.showpad.com/share/ynQDCd1Ci7DR19o7hFZw1
https://valmont.showpad.com/share/ynQDCd1Ci7DR19o7hFZw1
https://valmont.showpad.com/share/4pyfnuxGzHMCib9fYos4b
https://valmont.showpad.com/share/4pyfnuxGzHMCib9fYos4b
https://valmont.showpad.com/share/q3Is67hscUFFTWadixZrK
https://valmont.showpad.com/share/q3Is67hscUFFTWadixZrK
https://valmont.showpad.com/share/q3Is67hscUFFTWadixZrK
https://valmont.showpad.com/share/q3Is67hscUFFTWadixZrK
https://valmont.showpad.com/share/Kbn3Cekkl5gTF2PGkhA8H
https://valmont.showpad.com/share/Kbn3Cekkl5gTF2PGkhA8H
https://valmont.showpad.com/share/TIjWZaSAzkfWgqxPpFk2H
https://valmont.showpad.com/share/TIjWZaSAzkfWgqxPpFk2H
https://valmont.showpad.com/share/Kbn3Cekkl5gTF2PGkhA8H
https://valmont.showpad.com/share/Kbn3Cekkl5gTF2PGkhA8H
https://valmont.showpad.com/share/Kbn3Cekkl5gTF2PGkhA8H
https://valmont.showpad.com/share/Kbn3Cekkl5gTF2PGkhA8H
https://valmont.showpad.com/share/K0N8w2fU6qvXsiPgPkTEO
https://valmont.showpad.com/share/K0N8w2fU6qvXsiPgPkTEO
https://valmont.showpad.com/share/K0N8w2fU6qvXsiPgPkTEO
https://valmont.showpad.com/share/K0N8w2fU6qvXsiPgPkTEO
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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. 

F. The vehicle should remain upright during and after collision. The 

maximum roll and pitch angles are not to exceed 75 degrees. 

H. 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 

Longitudinal  
10 ft/s 

(3.0 m/s) 

16 ft/s 

(4.9 m/s) 

I. 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 Allowable Intrusion 

(in.) 

Wheel Well & Toe Pan ≤ 9 

Floor Pan & Transmission Tunnel ≤ 12 

A-Pillar ≤ 5 

A-Pillar (Lateral) ≤ 3 

B-Pillar ≤ 5 

B-Pillar (Lateral) ≤ 3 

Side Front Panel (in Front of A-Pillar) ≤ 12 

Side Door (Above Seat) ≤ 9 

Side Door (Below Seat) ≤ 12 

Roof ≤ 4 

Windshield ≤ 3 

Side Window 
No shattering resulting from contact 

with structural member of test article 

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   (b) 25 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. 
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Table 11. Luminaire Pole Simulation Matrix 

Simulation 

No.  

Pole 

Height 

(ft) 

Mast 

Arm 

Length 

(ft) 

Mast 

Arm 

Config.

* 

Total 

Weight   

(lb) 

MASH Test Designation No. 3-60 MASH Test Designation No. 3-61 MASH Test Designation No. 3-62 

Left 1/4 Center Right 1/4 Left 1/4 Center Right 1/4 Left 1/4 Center Right 1/4 

0 25 0 25 0 25 0 25 0 25 0 25 0 25 0 25 0 25 

20 20 4 S 222       - -  - - - - -  - - - 

21 20 4 D 312 - -   - - - -  - - - - -  - - - 

22 20 10 S 261 - -   - - - -  - - - - -  - - - 

23 20 10 D 381                   

30 30 4 S 300       - -  - - - - -  - - - 

31 30 4 D 390 - -   - - - -  - - - - -  - - - 

34-1 30 10 S 349       - - - - - - - - - - - - 

34-2 30 10 D 468 - -   - - - - - - - - - - - - - - 

32 30 20 S 433 - -   - - - -  - - - - -  - - - 

33 30 20 D 604                   

35 35 4 S 347       - -  - - - - -  - - - 

36 35 4 D 437 - -   - - - -  - - - - -  - - - 

39-1 35 10 S 393       - - - - - - - - - - - - 

39-2 35 10 D 513 - -   - - - - - - - - - - - - - - 

37 35 20 S 485 - -   - - - -  - - - - -  - - - 

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 - -   - - - -  - - - - -  - - - 

43 40 20 D 727                   

45 45 4 S 466       - -  - - - - -  - - - 

46 45 4 D 557 - -   - - - -  - - - - -  - - - 

49-1 45 10 S 528       - - - - - - - - - - - - 

49-2 45 10 D 648 - -   - - - - - - - - - - - - - - 

47 45 20 S 676 - -   - - - -  - - - - -  - - - 

48 45 20 D 847                   

50 50 8 S 642       - -  - - - - -  - - - 

51 50 8 D 750 - -   - - - -  - - - - -  - - - 

52 50 15 S 672 - -   - - - -  - - - - -  - - - 

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 lb, 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 

3-60 

Left 

Quarter 

0° 1.10 (C) - - N/A 

25° 1.70 (C) - - 0.19 (A) 

Center 
0° 0.38 2.79 (RW) 6.07 5.54 

25° 4.14 4.01 8.31 1.59 

Right 

Quarter 

0° N/A - - N/A 

25° N/A - - N/A 

3-61 

Left 

Quarter 

0° - - - N/A 

25° - - - N/A 

Center 
0° N/A N/A N/A N/A 

25° - - - N/A 

Right 

Quarter 

0° - - - N/A 

25° - - - N/A 

3-62 

Left 

Quarter 

0° - - - N/A 

25° - - - N/A 

Center 
0° N/A N/A N/A N/A 

25° - - - N/A 

Right 

Quarter 

0° - - - N/A 

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. 

Red: Occupant comp. deformation beyond 4.0 in. MASH limit 

Oran 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 

3-60 

Left 

Quarter 

0° -2.76 - - 3.81 

25° -2.62 - - 3.1 

Center 
0° 3.01 3.01 3.47 3.46 

25° 3.19 3.03 3.38 3.34 

Right 

Quarter 

0° -2.77 - - 3.06 

25° -2.92 - - 3.04 

3-61 

Left 

Quarter 

0° - - - 5.88 

25° - - - 5.28 

Center 
0° 5.57 5.44 5.55 5.67 

25° - - - 5.88 

Right 

Quarter 

0° - - - 6.16 

25° - - - 5.96 

3-62 

Left 

Quarter 

0° - - - 4.33 

25° - - - 4.10 

Center 
0° 4.41 4.34 4.52 4.53 

25° - - - 4.39 

Right 

Quarter 

0° - - - 4.30 

25° - - - 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 

3-60 

Left 

Quarter 

0° Pass - - Pass 

25° Pass - - Pass 

Center 
0° Pass Pass Fail Fail 

25° Fail Fail Fail Pass 

Right 

Quarter 

0° Pass - - Pass 

25° Pass - - Pass 

3-61 

Left 

Quarter 

0° - - - Pass 

25° - - - Pass 

Center 
0° Pass Pass Pass Pass 

25° - - - Pass 

Right 

Quarter 

0° - - - Pass 

25° - - - Pass 

3-62 

Left 

Quarter 

0° - - - Pass 

25° - - - Pass 

Center 
0° Pass Pass Pass Pass 

25° - - - Pass 

Right 

Quarter 

0° - - - Pass 

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. 

Red: Low potential to pass MASH due to occupant compartment deformation, roof crush, or OIV. 
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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. 

OIV 

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 



December 18, 2025  

MwRSF Report No. TRP-03-481-25 

 

105 

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 lb. 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 

3-60 

Left 

Quarter 

0° N/A - N/A - - N/A 

25° N/A - N/A - - N/A 

Center 

0° 2.14 2.57 6.79 1.98 7.77 3.35 

25° 3.55 
3.50 

(RW) 
8.28 

0.50 

(FW) 
8.40 0.97 

Right 

Quarter 

0° N/A - N/A - - N/A 

25° N/A - N/A - - N/A 

3-61 

Left 

Quarter 

0° - - - - - N/A 

25° - - - - - N/A 

Center 
0° N/A N/A - - N/A N/A 

25° - - - - - N/A 

Right 

Quarter 

0° - - - - - N/A 

25° - - - - - N/A 

3-62 

Left 

Quarter 

0° - - - - - N/A 

25° - - - - - N/A 

Center 
0° N/A N/A - - N/A N/A 

25° - - - - - N/A 

Right 

Quarter 

0° - - - - - N/A 

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. 

Red: Occupant comp. deformation beyond 4.0 in. MASH limit 

Oran 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 

3-60 

Left 

Quarter 

0° -3.36 - -3.32 - - 3.41 

25° -2.99 - -3.34 - - 4.76 

Center 

0° 3.57 3.80 3.51 3.60 3.79 3.86 

25° 3.51 3.48 3.71 3.68 3.74 3.82 

Right 

Quarter 

0° -3.58 - -3.37 - - 3.76 

25° -3.09 - -3.25 - - 3.43 

3-61 

Left 

Quarter 

0° - - - - - 7.33 

25° - - - - - 7.84 

Center 

0° 6.26 6.37 - - 6.82 6.97 

25° - - - - - 7.22 

Right 

Quarter 

0° - - - - - 7.94 

25° - - - - - 6.78 

3-62 

Left 

Quarter 

0° - - - - - 4.63 

25° - - - - - 4.56 

Center 

0° 4.49 4.53 - - 4.60 4.64 

25° - - - - - 4.73 

Right 

Quarter 

0° - - - - - 4.70 

25° - - - - - 4.72 

“-“ 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 

3-60 

Left 

Quarter 

0°  Pass -  Pass - - Pass 

25° Pass  -  Pass - - Pass 

Center 

0° Pass Pass Fail Pass Fail Pass 

25° Pass Fail Fail Pass Fail Pass 

Right 

Quarter 

0° Pass  -  Pass - - Pass 

25° Pass  -  Pass - - Pass 

3-61 

Left 

Quarter 

0° - - - - - Pass 

25° - - - - - Pass 

Center 

0° Pass Pass - - Pass Pass 

25° - - - - - Pass 

Right 

Quarter 

0° - - - - - Pass 

25° - - - - - Pass 

3-62 

Left 

Quarter 

0° - - - - - Pass 

25° - - - - - Pass 

Center 

0° Pass Pass - - Pass Pass 

25° - - - - - Pass 

Right 

Quarter 

0° - - - - - Pass 

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. 

Red: 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. 

OIV 

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.  

 

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 lb to 656 lb. 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 

3-60 

Left 

Quarter 

0° N/A - N/A - - N/A 

25° N/A - N/A - - N/A 

Center 
0° 3.64 3.59 4.54 3.64 3.12 5.45 

25° 3.67 1.88 4.36 2.51 4.24 0.39 

Right 

Quarter 

0° N/A - N/A - - N/A 

25° N/A - N/A - - N/A 

3-61 

Left 

Quarter 

0° - - - - - N/A 

25° - - - - - N/A 

Center 
0° N/A N/A - - N/A N/A 

25° - - - - - N/A 

Right 

Quarter 

0° - - - - - N/A 

25° - - - - - N/A 

3-62 

Left 

Quarter 

0° - - - - - N/A 

25° - - - - - N/A 

Center 
0° N/A N/A - - N/A N/A 

25° - - - - - N/A 

Right 

Quarter 

0° - - - - - N/A 

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. 

Red: Occupant comp. deformation beyond 4.0 in. MASH limit 

Oran 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 

3-60 

Left 

Quarter 

0° 3.40 - -3.54 - - 3.79 

25° 4.08 - -3.82 - - 4.9 

Center 

0° 3.6 3.46 3.72 3.68 3.92 4.80 

25° 3.65 3.76 3.95 3.91 4.73 4.55 

Right 

Quarter 

0° 3.62 - 3.62 - - 3.94 

25° 3.33 - 3.45 - - 3.64 

3-61 

Left 

Quarter 

0° - - - - - 8.06 

25° - - - - - 7.76 

Center 

0° 6.82 7.18 - - 7.37 7.42 

25° - - - - - 8.17 

Right 

Quarter 

0° - - - - - 7.79 

25° - - - - - 7.79 

3-62 

Left 

Quarter 

0° - - - - - 4.93 

25° - - - - - 4.93 

Center 

0° 4.63 4.65 - - 4.75 4.84 

25° - - - - - 4.94 

Right 

Quarter 

0° - - - - - 5.27 

25° - - - - - 4.91 

“-“ 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 

3-60 

Left 

Quarter 

0° Pass - Pass - - Pass 

25° Pass - Pass - - Pass 

Center 

0° Pass Pass Fail Pass Pass Fail 

25° Pass Pass Fail Pass Fail Pass 

Right 

Quarter 

0° Pass - Pass - - Pass 

25° Pass - Pass - - Pass 

3-61 

Left 

Quarter 

0° - - - - - Pass 

25° - - - - - Pass 

Center 

0° Pass Pass - - Pass Pass 

25° - - - - - Pass 

Right 

Quarter 

0° - - - - - Pass 

25° - - - - - Pass 

3-62 

Left 

Quarter 

0° - - - - - Pass 

25° - - - - - Pass 

Center 

0° Pass Pass - - Pass Pass 

25° - - - - - Pass 

Right 

Quarter 

0° - - - - - Pass 

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. 

Red: 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 lb to 727 lb. 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 

3-60 

Left 

Quarter 

0° N/A - N/A - - N/A 

25° N/A - N/A - - N/A 

Center 

0° 1.88 4.08 0.19 1.76 
0.22  

(C)  
3.55 

25° 1.69 
0.68 

(FW) 
3.30 0.84 4.73 3.67 

Right 

Quarter 

0° N/A - N/A - - N/A 

25° N/A - N/A - - N/A 

3-61 

Left 

Quarter 

0° - - - - - N/A 

25° - - - - - N/A 

Center 
0° N/A N/A - - N/A N/A 

25° - - - - - N/A 

Right 

Quarter 

0° - - - - - N/A 

25° - - - - - N/A 

3-62 

Left 

Quarter 

0° - - - - - N/A 

25° - - - - - N/A 

Center 
0° N/A N/A - - N/A N/A 

25° - - - - - N/A 

Right 

Quarter 

0° - - - - - N/A 

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. 

Red: Occupant comp. deformation beyond 4.0 in. MASH limit 

Oran 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 

3-60 

Left 

Quarter 

0° 3.83 - 3.91 - - 4.23 

25° 5.55 - 4.80 - - 6.94 

Center 

0° 3.79 3.92 3.85 4.01 3.97 4.53 

25° 4.07 4.25 4.6 4.60 5.10 5.24 

Right 

Quarter 

0° 4.10 - 4.14 - - 4.24 

25° 3.72 - 3.78 - - 3.99 

3-61 

Left 

Quarter 

0° - - - - - 8.55 

25° - - - - - 8.25 

Center 

0° 7.81 7.70 - - 8.37 8.74 

25° - - - - - 9.44 

Right 

Quarter 

0° - - - - - 8.52 

25° - - - - - 8.67 

3-62 

Left 

Quarter 

0° - - - - - 5.41 

25° - - - - - 5.48 

Center 

0° 4.86 4.82 - - 5.10 5.26 

25° - - - - - 5.36 

Right 

Quarter 

0° - - - - - 5.25 

25° - - - - - 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. 
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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 

3-60 

Left 

Quarter 

0° Pass - Pass - - Pass 

25° Pass - Pass - - Pass 

Center 

0° Pass Fail Pass Pass Pass Pass 

25° Pass Pass Pass Pass Fail Pass 

Right 

Quarter 

0° Pass - Pass - - Pass 

25° Pass - Pass - - Pass 

3-61 

Left 

Quarter 

0° - - - - - Pass 

25° - - - - - Pass 

Center 

0° Pass Pass - - Pass Pass 

25° - - - - - Pass 

Right 

Quarter 

0° - - - - - Pass 

25° - - - - - Pass 

3-62 

Left 

Quarter 

0° - - - - - Pass 

25° - - - - - Pass 

Center 

0° Pass Pass - - Pass Pass 

25° - - - - - Pass 

Right 

Quarter 

0° - - - - - Pass 

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. 

Red: 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. 

OIV 

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 lb to 847 lb. 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 

3-60 

Left 

Quarter 

0° N/A - N/A - - N/A 

25° - - N/A - - N/A 

Center 

0° 
0.35  

(C) 
4.02 

0.56 

(FW) 
6.39 0.45 6.11 

25° 3.00 0.93 1.50 
0.60  

(C) 
1.10 3.41 

Right 

Quarter 

0° N/A - N/A - - N/A 

25° N/A - N/A - - N/A 

3-61 

Left 

Quarter 

0° - - - - - N/A 

25° - - - - - N/A 

Center 
0° N/A N/A - - N/A N/A 

25° - - - - - N/A 

Right 

Quarter 

0° - - - - - N/A 

25° - - - - - N/A 

3-62 

Left 

Quarter 

0° - - - - - N/A 

25° - - - - - N/A 

Center 
0° N/A N/A - - N/A N/A 

25° - - - - - N/A 

Right 

Quarter 

0° - - - - - N/A 

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. 

Red: Occupant comp. deformation beyond 4.0 in. MASH limit 

Ora  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 

3-60 

Left 

Quarter 

0° 4.10 - 4.30 - - 4.70 

25° - - 6.88 - - 5.72 

Center 

0° 4.04 4.22 4.23 4.63 4.64 4.99 

25° 4.85 4.94 4.85 5.67 4.95 6.25 

Right 

Quarter 

0° 5.35 - 4.39 - - 4.83 

25° 4.01 - 4.14 - - 4.26 

3-61 

Left 

Quarter 

0° - - - - - 9.38 

25° - - - - - 9.68 

Center 

0° 8.02 9.09 - - 10.00 10.19 

25° - - - - - 11.35 

Right 

Quarter 

0° - - - - - 9.02 

25° - - - - - 8.76 

3-62 

Left 

Quarter 

0° - - - - - 5.84 

25° - - - - - 5.93 

Center 

0° 5.09 5.06 - - 5.83 6.00 

25° - - - - - 6.05 

Right 

Quarter 

0° - - - - - 5.91 

25° - - - - - 5.77 

“-“ 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 Criteria 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 

3-60 

Left 

Quarter 

0° Pass - Pass - - Pass 

25° - - Pass - - Pass 

Center 

0° Pass Fail Pass Fail Pass Fail 

25° Pass Pass Pass Pass Pass Pass 

Right 

Quarter 

0° Pass - Pass - - Pass 

25° Pass - Pass - - Pass 

3-61 

Left 

Quarter 

0° - - - - - Pass 

25° - - - - - Pass 

Center 

0° Pass Pass - - Pass Pass 

25° - - - - - Pass 

Right 

Quarter 

0° - - - - - Pass 

25° - - - - - Pass 

3-62 

Left 

Quarter 

0° - - - - - Pass 

25° - - - - - Pass 

Center 

0° Pass Pass - - Pass Pass 

25° - - - - - Pass 

Right 

Quarter 

0° - - - - - Pass 

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. 

Red: Low potential to pass MASH due to occupant compartment deformation, roof crush, or OIV. 
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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. 

OIV 

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 lb to 986 lb, 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 

3-60 

Left 

Quarter 

0° N/A - - N/A 

25° N/A - - N/A 

Center 
0° 5.31 6.20 5.77 6.87 

25° 5.74 N/A 4.04 3.60 

Right 

Quarter 

0° 0.45 (B) - - N/A 

25° N/A - - N/A 

3-61 

Left 

Quarter 

0° - - - N/A 

25° - - - N/A 

Center 
0° N/A N/A N/A N/A 

25° - - - N/A 

Right 

Quarter 

0° - - - N/A 

25° - - - N/A 

3-62 

Left 

Quarter 

0° - - - N/A 

25° - - - N/A 

Center 
0° N/A N/A N/A N/A 

25° - - - N/A 

Right 

Quarter 

0° - - - N/A 

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. 

Red:  Occupant comp. deformation beyond 4.0 in. MASH limit 

Oran 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 

3-60 

Left 

Quarter 

0° 4.44 - - 6.05 

25° 6.12 - - 5.2 

Center 

0° 4.86 5.05 6.26 7.23 

25° 5.11 5.32 4.83 6.26 

Right 

Quarter 

0° 4.89 - - 5.76 

25° 4.56 - - 5.63 

3-61 

Left 

Quarter 

0° - - - 10.13 

25° - - - 11.81 

Center 

0° 9.78 11.52 10.20 12.45 

25° - - - 13.76 

Right 

Quarter 

0° - - - 11.33 

25° - - - 11.44 

3-62 

Left 

Quarter 

0° - - - 6.97 

25° - - - 7.39 

Center 

0° 5.93 5.87 6.02 7.14 

25° - - - 7.14 

Right 

Quarter 

0° - - - 7.15 

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. 
Yellow  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 

3-60 

Left 

Quarter 

0° Pass - - Pass 

25° Pass - - High 

Center 

0° Fail Fail Fail Fail 

25° Fail Pass Fail Pass 

Right 

Quarter 

0° Pass - - Pass 

25° Pass - - Pass 

3-61 

Left 

Quarter 

0° - - - Pass 

25° - - - Pass 

Center 

0° Pass Pass Pass Pass 

25° - - - Pass 

Right 

Quarter 

0° - - - Pass 

25° - - - Pass 

3-62 

Left 

Quarter 

0° - - - Pass 

25° - - - Pass 

Center 

0° Pass Pass Pass Pass 

25° - - - Pass 

Right 

Quarter 

0° - - - Pass 

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. 

Red: 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.. 

OIV 

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 lb 

to 985 lb. 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.) 

Sim. 

No.  

Pole 

Height 

(ft) 

Mast 

Arm 

Length 

(ft) 

Mast 

Config. 

Total 

Weight   

(lb) 

C.G. 

Height 

(ft) 

MASH 3-60 

Left 1/4 Center Right 1/4 

0 25 0 25 0 25 

20 20 4 S 222 12.1 1.10(C) 1.70(C) 0.38 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 - - 6.07 8.31 - - 

23 20 10 D 381 16.2 N/A 0.19(A) 5.54 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 6.79 8.28 N/A N/A 

34-2 30 10 D 468 20.9 - - 1.98 0.50(FW) - - 

32 30 20 S 433 20.3 - - 7.77 8.40 - - 

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 22.2 - - 3.59 1.88 - - 

39-1 35 10 S 393 20.1 N/A N/A 4.54 4.36 N/A N/A 

39-2 35 10 D 513 23.5 - - 3.64 2.51 - - 

37 35 20 S 485 22.5 - - 3.12 4.24 - - 

38 35 20 D 656 26.4 N/A N/A 5.45 0.39 N/A N/A 

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 22.2 N/A N/A 0.19 3.30 N/A N/A 

44-2 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 23.2 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 

49-2 45 10 D 648 28.2 - - 6.39 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 6.11 3.41 N/A N/A 

50 50 8 S 642 27.5 N/A N/A 5.31 5.74 0.45(B) N/A 

51 50 8 D 750 28.9 - - 6.20 N/A - - 

52 50 15 S 672 27.1 - - 5.77 4.04 - - 

53 50 15 D 986 29.5 N/A N/A 6.87 3.60 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. 

Red: 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.) 

Sim. 

No.  

Pole 

Height 

(ft) 

Mast 

Arm 

Length 

(ft) 

Mast 

Config. 

Total 

Weight   

(lb) 

C.G. 

Height 

(ft) 

MASH 3-61 MASH 3-62 

Left 1/4 Center Right 1/4 Left 1/4 Center Right 1/4 

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/A N/A N/A N/A N/A 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/A N/A N/A N/A N/A N/A N/A N/A N/A 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/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

40 40 4 S 411 21.1 - - N/A - - - - - N/A - - - 

41 40 4 D 502 24.4 - - N/A - - - - - N/A - - - 

44-1 40 10 S 466 22.2 - - - - - - - - - - - - 

44-2 40 10 D 586 25.8 - - - - - - - - - - - - 

42 40 20 S 556 24.7 - - N/A - - - - - N/A - - - 

43 40 20 D 727 29.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

45 45 4 S 466 23.2 - - N/A - - - - - N/A - - - 

46 45 4 D 557 26.6 - - N/A - - - - - N/A - - - 

49-1 45 10 S 528 24.5 - - - - - - - - - - - - 

49-2 45 10 D 648 28.2 - - - - - - - - - - - - 

47 45 20 S 676 26.4 - - N/A - - - - - N/A - - - 

48 45 20 D 847 30.6 N/A N/A N/A N/A N/A N/A N/A N/A N/A 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 N/A N/A N/A N/A N/A N/A N/A 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 
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Table 32. Simulation Results – MASH Test Designation No. 3-60 – All Pole Configurations – OIV (ft/s) 

Sim. No.  

Pole 

Height 

(ft) 

Mast 

Arm 

Length 

(ft) 

Mast 

Config. 

Total 

Weight   

(lb) 

C.G. 

Height (ft) 

MASH 3-60 

Left 1/4 Center Right 1/4 

0 25 0 25 0 25 

20 20 4 S 222 12.1 2.76 2.62 3.01 3.19 2.77 2.92 

21 20 4 D 312 14.4 - - 3.01 3.03 - - 

22 20 10 S 261 14.0 - - 3.47 3.38 - - 

23 20 10 D 381 16.2 3.81 3.1 3.46 3.34 3.06 3.04 

30 30 4 S 300 16.8 3.36 2.99 3.57 3.51 3.58 3.09 

31 30 4 D 390 19.7 - - 3.80 3.48 - - 

34-1 30 10 S 349 17.9 3.32 3.34 3.51 3.71 3.37 3.25 

34-2 30 10 D 468 20.9 - - 3.60 3.68 - - 

32 30 20 S 433 20.3 - - 3.79 3.74 - - 

33 30 20 D 604 23.8 3.41 4.76 3.86 3.82 3.76 3.43 

35 35 4 S 347 19.0 3.40 4.08 3.6 3.65 3.62 3.33 

36 35 4 D 437 22.2 - - 3.46 3.76 - - 

39-1 35 10 S 393 20.1 3.54 3.82 3.72 3.95 3.62 3.45 

39-2 35 10 D 513 23.5 - - 3.68 3.91 - - 

37 35 20 S 485 22.5 - - 3.92 4.73 - - 

38 35 20 D 656 26.4 3.79 4.9 4.80 4.55 3.94 3.64 

40 40 4 S 411 21.1 3.83 5.55 3.79 4.07 4.10 3.72 

41 40 4 D 502 24.4 - - 3.92 4.25 - - 

44-1 40 10 S 466 22.2 3.91 4.80 3.85 4.6 4.14 3.78 

44-2 40 10 D 586 25.8 - - 4.01 4.60 - - 

42 40 20 S 556 24.7 - - 3.97 5.10 - - 

43 40 20 D 727 29.1 4.23 6.94 4.53 5.24 4.24 3.99 

45 45 4 S 466 23.2 4.10 - 4.04 4.85 5.35 4.01 

46 45 4 D 557 26.6 - - 4.22 4.94 - - 

49-1 45 10 S 528 24.5 4.30 6.88 4.23 4.85 4.39 4.14 

49-2 45 10 D 648 28.2 - - 4.63 5.67 - - 

47 45 20 S 676 26.4 - - 4.64 4.95 - - 

48 45 20 D 847 30.6 4.70 5.72 4.99 6.25 4.83 4.26 

50 50 8 S 642 27.5 4.44 6.12 4.86 5.11 4.89 4.56 

51 50 8 D 750 28.9 - - 5.05 5.32 - - 

52 50 15 S 672 27.1 - - 6.26 4.83 - - 

53 50 15 D 986 29.5 6.05 5.2 7.23 6.26 5.76 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) 

Sim. 

No.  

Pole 

Height 

(ft) 

Mast 

Arm 

Length 

(ft) 

Mast 

Config. 

Total 

Weight   

(lb) 

C.G. 

Height 

(ft) 

MASH 3-61 MASH 3-62 

Left 1/4 Center Right 1/4 Left 1/4 Center Right 1/4 

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 22.2 - - 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 22.2 - - - - - - - - - - - - 

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 11.44 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 

Sim. No.  

Pole 

Height 

(ft) 

Mast 

Arm 

Length 

(ft) 

Mast 

Config. 

Total 

Weight   

(lb) 

C.G. 

Height (ft) 

MASH 3-60 

Left 1/4 Center Right 1/4 

0 25 0 25 0 25 

20 20 4 S 222 12.1 Pass Pass Pass Fail Pass Pass 

21 20 4 D 312 14.4 - - Pass Fail - - 

22 20 10 S 261 14.0 - - Fail Fail - - 

23 20 10 D 381 16.2 Pass Pass Fail Pass Pass Pass 

30 30 4 S 300 16.8 Pass Pass Pass Pass Pass Pass 

31 30 4 D 390 19.7 - - Pass Fail - - 

34-1 30 10 S 349 17.9 Pass Pass Fail Fail Pass Pass 

34-2 30 10 D 468 20.9 - - Pass Pass - - 

32 30 20 S 433 20.3 - - Fail Fail - - 

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 - - Pass Pass - - 

39-1 35 10 S 393 20.1 Pass Pass Fail Fail Pass Pass 

39-2 35 10 D 513 23.5 - - Pass Pass - - 

37 35 20 S 485 22.5 - - Pass Fail - - 

38 35 20 D 656 26.4 Pass Pass Fail Pass Pass Pass 

40 40 4 S 411 21.1 Pass Pass Pass Pass Pass Pass 

41 40 4 D 502 24.4 - - Fail Pass - - 

44-1 40 10 S 466 22.2 Pass Pass Pass Pass Pass Pass 

44-2 40 10 D 586 25.8 - - Pass Pass - - 

42 40 20 S 556 24.7 - - Pass Fail - - 

43 40 20 D 727 29.1 Pass Pass Pass Pass Pass Pass 

45 45 4 S 466 23.2 Pass - Pass Pass Pass Pass 

46 45 4 D 557 26.6 - - Fail Pass - - 

49-1 45 10 S 528 24.5 Pass Pass Pass Pass Pass Pass 

49-2 45 10 D 648 28.2 - - Fail Pass - - 

47 45 20 S 676 26.4 - - Pass Pass - - 

48 45 20 D 847 30.6 Pass Pass Fail Pass Pass Pass 

50 50 8 S 642 27.5 - - Fail Fail - - 

51 50 8 D 750 28.9 - - Fail Pass - - 

52 50 15 S 672 27.1 - - Fail Fail - - 

53 50 15 D 986 29.5 Pass Pass Fail Pass 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. 

Red:  Low potential to pass MASH due to occupant compartment deformation, roof crush, or OIV. 
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Table 35. Potential to Meet MASH Criteria for All Pole Configurations – MASH Test Designation Nos. 3-61 and 3-62 

Sim. 

No.  

Pole 

Height 

(ft) 

Mast 

Arm 

Length 

(ft) 

Mast 

Config. 

Total 

Weight   

(lb) 

C.G. 

Height 

(ft) 

MASH 3-61 MASH 3-62 

Left 1/4 Center Right 1/4 Left 1/4 Center Right 1/4 

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 

“-“ denotes simulations that were not run as a part of the investigation. 
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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 0 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 
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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 

Height 

MASH 3-60 Center Point Impact - Vehicle Roof Impact Image 

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  

(t=950 msec) 

 
Dual 4-ft Mast Arms at 25-deg impact  

(t=950 msec) 

 
Single 10-ft Mast Arm at 0-deg impact 

(t=800 msec) 

 
Single 10-ft Mast Arm at 25-deg impact  

(t=800 msec) 

30-ft 

tall 

 
Single 20-ft Mast Arm at 0-deg impact  

(t=1000 msec) 

 
Single 20-ft Mast Arm at 25-deg impact  

(t=1000 msec) 

 
Dual 20-ft Mast Arms at 0-deg impact  

(t=1300 msec) 

 
Dual 20-ft Mast Arms at 0-deg impact  

(t=1300 msec) 

35-ft 

tall 

 
Single 4-ft Mast Arm at 0-deg impact  

(t=1100 msec) 

 
Single 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) 

  



 

 

1
4
6
 

D
ecem

b
er 1

8
, 2

0
2
5

  

M
w

R
S

F
 R

ep
o
rt N

o
. T

R
P

-0
3
-4

8
1
-2

5
 

Table 39. Simulation Vehicle Roof Impact Comparison at MASH Test Designation No. 3-60 Center Impact, Cont. 

Pole 

Height 

MASH 3-60 Center Point Impact - Vehicle Roof Impact Image 
Configuration One - 0-deg. Impact Configuration One - 25-deg. Impact Configuration Two - 0-deg. Impact Configuration Two - 25-deg. Impact 

40-ft 

tall 

 
Dual 4-ft Mast Arms at 0-deg impact  

(t=1400 msec) 

 
Dual 4-ft Mast Arms at 25-deg impact  

(t=1400 msec) 

 
Single 20-ft Mast Arm at 0-deg impact  

(t=1200 msec) Pole does not contact roof 

 
Single 20-ft Mast Arm at 25-deg impact  

(t=1200 msec) 

45-ft 

tall 

 
Single 4-ft Mast Arm at 0-deg impact  

(t=1300 msec) 

 
Single 4-ft Mast Arm at 25-deg impact  

(t=1300 msec) 

 
Dual 20-ft Mast Arms at 0-deg impact  

(t=1600 msec) 

 
Dual 20-ft Mast Arms at 25-deg impact  

(t=1600 msec) 

50-ft 

tall 

 
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) 

 
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 ½ in. to 1 in.  

OIV 

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 lb and 600 lb. 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 lb to 600 lb 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. 

No. 

Pole 

Height 

(ft) 

Mast 

Arm 

Length 

(ft) 

Mast 

Config. 

Total 

Weight   

(lb) 

C.G  

Height 

(ft) 

MASH 3-60 

Center 

0 25 

20 20 4 S 222 12.1 0.38 4.14 

22 20 10 S 261 14.0 6.07 8.31 

30 30 4 S 300 16.8 2.14 3.55 

21 20 4 D 312 14.4 2.79 (RW) 4.01 

35 35 4 S 347 19.0 3.64 3.67 

34-1 30 10 S 349 17.9 6.79 8.28 

23 20 10 D 381 16.2 5.54 1.59 

31 30 4 D 390 19.7 2.57 3.50 (RW) 

39-1 35 10 S 393 20.1 4.54 4.36 

40 40 4 S 411 21.1 1.88 1.69 

32 30 20 S 433 20.3 7.77 8.40 

36 35 4 D 437 22.2 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 

34-2 30 10 D 468 20.9 1.98 0.50 (FW) 

37 35 20 S 485 22.5 3.12 4.24 

41 40 4 D 502 24.4 4.08 0.68 (FW) 

39-2 35 10 D 513 23.5 3.64 2.51 

49-1 45 10 S 528 24.5 0.56 (FW) 1.50 

42 40 20 S 556 24.7 0.22 (C) 4.73 

46 45 4 D 557 26.6 4.02 0.93 

44-2 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 5.31 5.74 

49-2 45 10 D 648 28.2 6.39 0.60 (C) 

38 35 20 D 656 26.4 5.45 0.39 

52 50 15 S 672 27.1 5.77 4.04 

47 45 20 S 676 26.4 0.45 1.10 

43 40 20 D 727 29.1 3.55 3.67 

51 50 8 D 750 28.9 6.20 N/A 

48 45 20 D 847 30.6 6.11 3.41 

53 50 15 D 986 29.5 6.87 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. 

Red: Occupant comp. deformation beyond 4.0 in. MASH limit 



 

 

1
5
1
 

D
ecem

b
er 1

8
, 2

0
2
5

  

M
w

R
S

F
 R

ep
o
rt N

o
. T

R
P

-0
3
-4

8
1
-2

5
 

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

Sim. 

No.  

Pole 

Height 

(ft) 

Mast 

Arm 

Length 

(ft) 

Mast 

Config. 

Total  

Weight    

(lb) 

C.G.  

Height       

(ft) 

MASH 3-60 

Center 

0 25 

20 20 4 S 222 12.1 0.38 4.14 

22 20 10 S 261 14.0 6.07 8.31 

21 20 4 D 381 14.3 2.79 (RW) 4.01 

23 20 10 D 520 16.2 5.54 1.59 

30 30 4 S 260 16.7 2.14 3.55 

34-1 30 10 S 349 17.8 6.79 8.28 

35 35 4 S 307 18.9 3.64 3.67 

31 30 4 D 449 19.6 2.57 3.50 (RW) 

39-1 35 10 S 393 20.1 4.54 4.36 

32 30 20 S 433 20.2 7.77 8.40 

34-2 30 10 D 571 20.9 1.98 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 22.5 3.12 4.24 

45 45 4 S 496 23.1 0.35 (C) 3.00 

39-2 35 10 D 495 23.4 3.64 2.51 

33 30 20 D 604 23.7 3.35 0.97 

41 40 4 D 362 24.3 4.08 0.68 (FW) 

49-1 45 10 S 528 24.4 0.56 (FW) 1.50 

42 40 20 S 442 24.7 0.22 (C)  4.73 

44-2 40 10 D 568 25.8 1.76 0.84 

47 45 20 S 625 26.3 0.45 1.10 

38 35 20 D 535 26.4 5.45 0.39 

46 45 4 D 656 26.6 4.02 0.93 

52 50 15 S 672 27.0 5.77 4.04 

50 50 8 S 642 27.5 5.31 5.74 

49-2 45 10 D 516 28.2 6.39 0.60 (C) 

51 50 8 D 648 28.8 6.20 N/A 

43 40 20 D 555 29.1 3.55 3.67 

53 50 15 D 949 29.4 6.87 3.60 

48 45 20 D 847 30.6 6.11 3.41 

“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. 

Red: 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.) 

Sim. 

No.  

Pole 

Height 

(ft) 

Mast 

Arm 

Length 

(ft) 

Mast 

Config. 

Total 

Weight   

(lb) 

C.G. 

Height 

(ft) 

MASH 3-60 

Left 1/4 Center Right 1/4 

0 25 0 25 0 25 

20 20 4 S 222 12.1 1.10(C) 1.70(C) 0.38 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 - - 6.07 8.31 - - 

23 20 10 D 381 16.2 N/A 0.19(A) 5.54 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 6.79 8.28 N/A N/A 

34-2 30 10 D 468 20.9 - - 1.98 0.50(FW) - - 

32 30 20 S 433 20.3 - - 7.77 8.40 - - 

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 22.2 - - 3.59 1.88 - - 

39-1 35 10 S 393 20.1 N/A N/A 4.54 4.36 N/A N/A 

39-2 35 10 D 513 23.5 - - 3.64 2.51 - - 

37 35 20 S 485 22.5 - - 3.12 4.24 - - 

38 35 20 D 656 26.4 N/A N/A 5.45 0.39 N/A N/A 

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 22.2 N/A N/A 0.19 3.30 N/A N/A 

44-2 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 23.2 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 

49-2 45 10 D 648 28.2 - - 6.39 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 6.11 3.41 N/A N/A 

50 50 8 S 642 27.5 N/A N/A 5.31 5.74 0.45(B) N/A 

51 50 8 D 750 28.9 - - 6.20 N/A - - 

52 50 15 S 672 27.1 - - 5.77 4.04 - - 

53 50 15 D 986 29.5 N/A N/A 6.87 3.60 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. 
Red:   Occupant comp. deformation beyond 4.0 in. MASH limit  

oran   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 OIV 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 OIV 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 lb to 1,000 lb, 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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5 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 lb 

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 

lb 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 

lb 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. 

No.  

Pole 

Height 

(ft) 

Mast Arm 

Length 

(ft) 

Mast 

Config. 

Total 

Weight   

(lb) 

MASH 3-60 MASH 3-61 MASH 3-62 

Left 1/4 Center Right 1/4 Left 1/4 Center Right 1/4 Left 1/4 Center Right 1/4 

0 25 0 25 0 25 0 25 0 25 0 25 0 25 0 25 0 25 

20 20 4 S 222         - -   - - - - -   - - - 

21 20 4 D 312 - -     - - - -   - - - - -   - - - 

22 20 10 S 261 - -  4* - - - -   - - - - -   - - - 

23 20 10 D 381                      

30 30 4 S 300         - -   - - - - -   - - - 

31 30 4 D 390 - -     - - - -   - - - - -   - - - 

34-1 30 10 S 349         - -  - - - - - -  - - - - 

34-2 30 10 D 468 - -     - - - -  - - - - - -  - - - - 

32 30 20 S 433 - -  3* - - - -   - - - - -   - - - 

33 30 20 D 604                      

35 35 4 S 347         - -   - - - - -   - - - 

36 35 4 D 437 - -    - - - -   - - - - -   - - - 

39-1 35 10 S 393         - -  - - - - - -  - - - - 

39-2 35 10 D 513 - -     - - - -  - - - - - -  - - - - 

37 35 20 S 485 - -     - - - -   - - - - -   - - - 

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 - -    - - - -   - - - - -   - - - 

43 40 20 D 727                       

45 45 4 S 466  -       - -   - - - - -   - - - 

46 45 4 D 557 - -     - - - -   - - - - -   - - - 

49-1 45 10 S 528         - -  - - - - - -  - - - - 

49-2 45 10 D 648 - -    - - - -  - - - - - -  - - - - 

47 45 20 S 676 - -     - - - -   - - - - -   - - - 

48 45 20 D 847                       

50 50 8 S 642         - -   - - - - -   - - - 

51 50 8 D 750 - -     - - - -   - - - - -   - - - 

52 50 15 S 672 - -     - - - -   - - - - -   - - - 

53 50 15 D 986   2*          1*          

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

- indicates simulation was not conducted.  

Red: 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 lb, compared to 1,750 lb 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. 
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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. 

 

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. 

 

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. 

No.  

Pole 

Height 

(ft) 

Mast Arm 

Length 

(ft) 

Mast 

Config. 

Total 

Weight   

(lb) 

MASH 3-60 MASH 3-61 MASH 3-62 

Left 1/4 Center Right 1/4 Left 1/4 Center Right 1/4 Left 1/4 Center Right 1/4 

0 25 0 25 0 25 0 25 0 25 0 25 0 25 0 25 0 25 

20 20 4 S 222   † †   - -   - - - - -   - - - 

21 20 4 D 312 - - † † - - - -   - - - - -   - - - 

22 20 10 S 261 - -  4* - - - -   - - - - -   - - - 

23 20 10 D 381                      

30 30 4 S 300   † †   - -   - - - - -   - - - 

31 30 4 D 390 - - † † - - - -   - - - - -   - - - 

34-1 30 10 S 349         - -  - - - - - -  - - - - 

34-2 30 10 D 468 - - † † - - - -  - - - - - -  - - - - 

32 30 20 S 433 - -  3* - - - -   - - - - -   - - - 

33 30 20 D 604   † †                 

35 35 4 S 347   † †   - -   - - - - -   - - - 

36 35 4 D 437 - - † † - - - -   - - - - -   - - - 

39-1 35 10 S 393         - -  - - - - - -  - - - - 

39-2 35 10 D 513 - - † † - - - -  - - - - - -  - - - - 

37 35 20 S 485 - - † † - - - -   - - - - -   - - - 

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 - - † † - - - -   - - - - -   - - - 

43 40 20 D 727   † †                 

45 45 4 S 466  - † †   - -   - - - - -   - - - 

46 45 4 D 557 - - † † - - - -   - - - - -   - - - 

49-1 45 10 S 528   † †   - -  - - - - - -  - - - - 

49-2 45 10 D 648 - -   - - - -  - - - - - -  - - - - 

47 45 20 S 676 - - † † - - - -   - - - - -   - - - 

48 45 20 D 847                     

50 50 8 S 642       - -   - - - - -   - - - 

51 50 8 D 750 - -   - - - -   - - - - -   - - - 

52 50 15 S 672 - -   - - - -   - - - - -   - - - 

53 50 15 D 986   2*          1*          

† 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. 

Red Recommended for full-scale crash testing 

Ora: 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-lb and 200 ft-lb, while 

for 4-bolt systems, the bolt torque ranges from 70 ft-lb to 80 ft-lb. 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 lb.  

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 lb mounted on a 4-bolt slip base. The crash test involved an 1,800-lb 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 lb. 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 lb (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 lb), though no simulations resulted in OIV 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 lb 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.  

• 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 lb. 

• 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 lb. 

• 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 lb. 

• 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 lb. 

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 lb 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 lb 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 

lb 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 lb were found likely to meet MASH criteria. The results of 

TTI’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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                                             (a)                                                                  (b)  

 
(c) 

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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(a) 

 
(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] 



December 18, 2025  

MwRSF Report No. TRP-03-481-25 

 

174 

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 lb generally have a 

higher likelihood of passing MASH TL-3. Considering the recent TTI tests (which showed failures 

with poles heavier than 600 lb), the MwRSF-recommended Crash Test Nos. 1 and 2, which involve 

50-ft tall poles weighing 986 lb (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 lb, 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 lb). 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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Appendix A. State DOT Survey and Results



December 18, 2025  

MwRSF Report No. TRP-03-481-25 

 

180 

 

Figure A-1. State DOT Survey – Page 1 
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Figure A-2. State DOT Survey – Page 2 
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Figure A-3. State DOT Survey – Page 3 
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Figure A-4. State DOT Survey – Page 4 
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Figure A-5. State DOT Survey – Page 5 
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Figure A-6. State DOT Survey – Page 6 
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Figure A-7. State DOT Survey – Page 7 
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Figure A-8. State DOT Survey – Page 8 
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Figure A-9. State DOT Survey – Page 9 
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Figure A-10. State DOT Survey Responses 
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Figure A-11. State DOT Survey Results – Page 1 

 

Figure A-12. State DOT Survey Results – Page 2 
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Figure A-13. State DOT Survey Results – Page 3 
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Figure A-14. State DOT Survey Results – Page 4 
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Figure A-15. State DOT Survey Results – Page 5 
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Figure A-16. State DOT Survey Results – Page 6 - Caltrans Attachments 
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Figure A-17. State DOT Survey Results – Page 6 - Caltrans Attachments, Cont. 
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Figure A-18. State DOT Survey Results – Page 6 - Caltrans Attachments, Cont.   
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Figure A-19. State DOT Survey Results – Page 6 - Caltrans Attachments, Cont.  
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Figure A-20. State DOT Survey Results – Page 6 - Caltrans Attachments, Cont.   
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Figure A-21. State DOT Survey Results – Page 6 - Caltrans Attachments, Cont. 
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Figure A-22. State DOT Survey Results – Page 6 - Illinois DOT Attachments 
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Figure A-23. State DOT Survey Results – Page 6 - Illinois DOT Attachments, Cont.
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Figure A-24. State DOT Survey Results – Page 7 

 

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

Figure A-25. State DOT Survey Results – Page 8 
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Figure A-26. State DOT Survey Results – Page 8 - Caltrans Attachments  
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Figure A-27. State DOT Survey Results – Page 9 

 

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

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

 

Figure A-29. State DOT Survey Results – Page 11 
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Figure A-30. State DOT Survey Results – Page 12 

 

Figure A-31. State DOT Survey Results – Page 13 
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Figure A-32. State DOT Survey Results – Page 13 – Illinois DOT Attachments  
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Figure A-33. State DOT Survey Results – Page 13 – Illinois DOT Attachments, Cont.  
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Figure A-34. State DOT Survey Results – Page 13 – Illinois DOT Attachments, Cont.  
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Figure A-35. State DOT Survey Results – Page 13 – Illinois DOT Attachments, Cont.  
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Figure A-36. State DOT Survey Results – Page 13 – Illinois DOT Attachments, Cont.  
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Figure A-37. State DOT Survey Results – Page 13 – Illinois DOT Attachments, Cont.  
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Figure A-38. State DOT Survey Results – Page 13 – Illinois DOT Attachments, Cont.   
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Figure A-39. State DOT Survey Results – Page 14 
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Figure A-40. State DOT Survey Results – Page 15 

 

Figure A-41. State DOT Survey Results – Page 16 
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Figure A-42. State DOT Survey Results – Page 17 

 

Note that there were no files uploaded by state DOTs 

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

 

Figure A-44. State DOT Survey Results – Page 19  
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Figure A-45. State DOT Survey Results – Page 20 

 

Note that there were no files uploaded by state DOTs 

Figure A-46. State DOT Survey Results – Page 21 
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Figure A-47. State DOT Survey Results – Page 22 

  



December 18, 2025  

MwRSF Report No. TRP-03-481-25 

 

218 

 

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

 

Note that there were no files uploaded by state DOTs 

Figure A-49. State DOT Survey Results – Page 24 
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Figure A-50. State DOT Survey Results – Page 25 

 

Figure A-51. State DOT Survey Results – Page 26 
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Figure A-52. State DOT Survey Results – Page 27 

 

Figure A-53. State DOT Survey Results – Page 28
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Figure A-54. State DOT Survey Results – Page 28 – Caltrans Attachments 



December 18, 2025  

MwRSF Report No. TRP-03-481-25 

 

222 

 

Figure A-55. State DOT Survey Results – Page 28 – Illinois DOT Attachments 
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Figure A-56. State DOT Survey Results – Page 28 – Illinois DOT Attachments, Cont. 
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Figure A-57. State DOT Survey Results – Page 28 – Illinois DOT Attachments, Cont. 
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Figure A-58. State DOT Survey Results – Page 28 – Illinois DOT Attachments, Cont. 
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Appendix B. Standard Plans for Luminaire Poles Supported by Slip Bases 
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Figure B-1. Caltrans Luminaire Pole and Slip Base Standard Plans [8] 
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Figure B-2. Caltrans Luminaire Pole and Slip Base Standard Plans, Cont. [8] 
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Figure B-3. Caltrans Luminaire Pole and Slip Base Standard Plans, Cont. [8] 
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Figure B-4. Iowa DOT Luminaire Pole and Slip Base Standard Plans [10]  
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Figure B-5. Iowa DOT Luminaire Pole and Slip Base Standard Plans, Cont. [10] 
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Figure B-6. Utah DOT Luminaire Pole and Slip Base Standard Plans [11] 
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Figure B-7. Utah DOT Luminaire Pole and Slip Base Standard Plans, Cont. [11] 
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Figure B-8. Utah DOT Luminaire Pole and Slip Base Standard Plans, Cont. [11] 
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Figure B-9. Wyoming Luminaire Pole and Slip Base Standard Plans [13] 
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Figure B-10. Wyoming Luminaire Pole and Slip Base Standard Plans, Cont. [13] 
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Figure B-11. Wyoming DOT Luminaire Pole and Slip Base Standard Plans, Cont. [13] 
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Figure B-12. Wyoming Luminaire Pole and Slip Base Standard Plans, Cont. [13] 
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Figure B-13. Wyoming DOT Luminaire Pole and Slip Base Standard Plans, Cont. [13] 
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Figure B-14. North Dakota DOT Luminaire Pole and Slip Base Standard Plans [17] 
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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] 
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Figure B-20. Washington State DOT Luminaire Pole and Slip Base Standard Plans, Cont. [19] 



 
 

 

2
4
7
 

D
ecem

b
er 1

8
, 2

0
2
5

  

M
w

R
S

F
 R

ep
o
rt N

o
. T

R
P

-0
3
-4

8
1
-2

5
 

 

Figure B-21. Washington State DOT Luminaire Pole and Slip Base Standard Plans, Cont. [19] 
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Figure B-22. Washington State DOT Luminaire Pole and Slip Base Standard Plans, Cont. [19] 
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Figure B-23. Oregon DOT Luminaire Pole and Slip Base Standard Plans [20] 
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Figure B-24. Oregon DOT Luminaire Pole and Slip Base Standard Plans, Cont. [20] 
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Figure B-25. Arizona DOT Luminaire Pole and Slip Base Standard Plans (Out of Date) [21] 
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Figure B-26. Arizona DOT Luminaire Pole and Slip Base Standard Plans, Cont. (Out of Date) 

[21]  
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Appendix C. Eligibility Letter LS-16
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Figure C-1.  Eligibility Letter LS-16 - Page 1 
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Figure C-2. Eligibility Letter LS-16 - Page 2 
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Figure C-3. Eligibility Letter LS-16 - Page 3 
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Figure C-4. Eligibility Letter LS-16 - Page 4 
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Figure C-5. Eligibility Letter LS-16 - Page 5 
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Figure C-6. Eligibility Letter LS-16 - Page 6 
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Figure C-7. Eligibility Letter LS-16 - Page 7 
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Figure C-8. Eligibility Letter LS-16 - Page 8 
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Figure C-9. Eligibility Letter LS-16 - Page 9 
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Figure C-10. Eligibility Letter LS-16 - Page 10  
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Figure C-11. Eligibility Letter LS-16 - Page 11 
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Figure C-12. Eligibility Letter LS-16 - Page 12
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Appendix D. Detailed Simulation Results  
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Figure D-1. Detailed Simulation Results, Simulation Number 20 

  

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.36 Long.: -2.76 Long.: -0.39

Pitch: -1.45 Lat.: 0.14 Lat.: 0.82

Roll: -0.41 Long.: -2.62 Long.: -0.39

Pitch: -1.03 Lat.: 0.14 Lat.: 0.63

Roll: -0.79 Long.: -3.01 Long.: -0.26

Pitch: -0.26 Lat.: 0.05 Lat.: 1.01

Roll: 1.10 Long.: -3.18 Long.: 0.50

Pitch: -2.09 Lat.: 0.03 Lat.: 0.54

Roll: 0.27 Long.: -2.77 Long.: 0.07

Pitch: -0.20 Lat.: 0.09 Lat.: -0.09

Roll: -0.39 Long.: -2.92 Long.: -0.07

Pitch: -0.19 Lat.: -0.04 Lat.: 0.09

Roll: -2.50 Long.: -5.57 Long.: 0.27

Pitch: -0.58 Lat.: 0.29 Lat.: -0.24

Roll: -0.55 Long.: -4.41 Long.: -0.16

Pitch: 2.06 Lat.: 0.13 Lat.: -0.22

High

No occupant 

compartment def.
High

C Pillar: 1.1 in.

C Pillar: 1.7 in.

None

None

C Pillar: 1.1 in.

C Pillar: 1.1 in.

No occupant 

compartment def.

0

25

Keeper Plate Rupture, 

Bolt Release
Keeper Plate Rupture, 

Bolt Release

Keeper Plate Rupture, 

Bolt Release

4-Bolt Slip 

Base
11 ga. 222 lb

MASH 3-60

Left 1/4

Right 1/4

Center

0
Keeper Plate Rupture, 

Bolt Release

0

25
Keeper Plate Rupture, 

Bolt Release

Roof: 0.38 in.

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s]      
[P: 10ft/s;       

Max: 16 ft/s]

Ridedown 

Acc. [g]             
[P: 15g; 

Max:20.49g]

High

High

20 20' 6.5" Base Single 4'

High

25
Keeper Plate Rupture, 

Bolt Release
Roof: 4.14 in. Roof: 4.14 in. Low

Roof: 0.38 in.

HighMASH 3-61 Center 0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

HighMASH 3-62 Center 0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
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Figure D-2. Detailed Simulation Results, Simulation Number 21 

 
Figure D-3. Detailed Simulation Results, Simulation Number 22  

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: -0.15 Long.: -3.01 Long.: 0.79

Pitch: -2.15 Lat.: 0.04 Lat.: 0.07

Roll: 0.21 Long.: -3.03 Long.: 0.31

Pitch: -1.33 Lat.: 0.03 Lat.: 0.18

Roll: 0.30 Long.: -5.44 Long.: 0.22

Pitch: -2.03 Lat.: 0.65 Lat.: 0.29

Roll: -3.88 Long.: -4.34 Long.: -0.18

Pitch: 1.72 Lat.: 0.06 Lat.: 0.22

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s]      
[P: 10ft/s;       

Max: 16 ft/s]

Ridedown 

Acc. [g]             
[P: 15g; 

Max:20.49g]

21 20' 6.5" Base Dual 4'
4-Bolt Slip 

Base
11 ga. 312 lb

MASH 3-60 Center

0
Keeper Plate Rupture, 

Bolt Release

Rear Window: 

2.79 in.
Medium

25
Keeper Plate Rupture, 

Bolt Release
Roof: 4.04 in. Roof: 4.04 in. Low

Rear Window: 

2.79 in.

HighMASH 3-61 Center 0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

HighMASH 3-62 Center 0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 1.54 Long.: -3.47 Long.: -0.43

Pitch: -1.59 Lat.: 0.02 Lat.: -0.60

Roll: 0.19 Long.: -3.39 Long.: 0.47

Pitch: -1.62 Lat.: 0.03 Lat.: 0.53

Roll: 1.11 Long.: -5.55 Long.: -0.24

Pitch: -3.91 Lat.: 0.59 Lat.: 0.30

Roll: -0.54 Long.: -4.52 Long.: -0.22

Pitch: 0.62 Lat.: 0.04 Lat.: -0.21

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s]      
[P: 10ft/s;       

Max: 16 ft/s]

Ridedown 

Acc. [g]             
[P: 15g; 

Max:20.49g]

22 20' 7" Base Single 10'
4-Bolt Slip 

Base
11 ga. 261 lb

MASH 3-60 Center

0
Keeper Plate Rupture, 

Bolt Release

MASH 3-61 Center 0
Keeper Plate Rupture, 

Bolt Release

Roof: 6.07 in. Low

25
Keeper Plate Rupture, 

Bolt Release
Roof: 8.31 in. Roof: 8.31 in. Low

Roof: 6.07 in.

MASH 3-62 Center 0
Keeper Plate Rupture, 

Bolt Release
None High

None
No occupant 

compartment def.
High

No occupant 

compartment def.
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Figure D-4. Detailed Simulation Results, Simulation Number 23 

  

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.41 Long.: -3.81 Long.: 0.27

Pitch: -0.41 Lat.: 0.10 Lat.: -0.51

Roll: -0.41 Long.: -3.10 Long.: -0.84

Pitch: -0.37 Lat.: 0.12 Lat.: 0.51

Roll: -0.20 Long.: -3.46 Long.: 0.67

Pitch: -2.77 Lat.: 0.02 Lat.: -0.27

Roll: 1.82 Long.: -3.34 Long.: -0.87

Pitch: -0.80 Lat.: 0.02 Lat.: -1.02

Roll: 0.30 Long.: -3.06 Long.: -0.20

Pitch: -0.50 Lat.: 0.11 Lat.: 0.61

Roll: -0.41 Long.: -3.04 Long.: -0.08

Pitch: -0.21 Lat.: -0.09 Lat.: 0.11

Roll: -0.99 Long.: -5.88 Long.: -0.17

Pitch: -0.58 Lat.: 1.63 Lat.: 0.44

Roll: -0.57 Long.: -5.28 Long.: -0.17

Pitch: -0.53 Lat.: 0.04 Lat.: 0.20

Roll: 0.33 Long.: -5.67 Long.: -0.25

Pitch: -0.99 Lat.: 0.58 Lat.: 0.30

Roll: 0.64 Long.: -5.88 Long.: -0.22

Pitch: 1.06 Lat.: 1.47 Lat.: 0.36

Roll: -1.00 Long.: -6.16 Long.: 0.29

Pitch: 1.58 Lat.: -0.72 Lat.: -0.37

Roll: 1.57 Long.: -5.96 Long.: 0.37

Pitch: 1.40 Lat.: -0.54 Lat.: -0.41

Roll: 2.76 Long.: -4.33 Long.: -0.17

Pitch: 2.34 Lat.: 0.94 Lat.: -0.32

Roll: -1.61 Long.: -4.10 Long.: -0.19

Pitch: 0.57 Lat.: 0.68 Lat.: 0.23

Roll: -2.77 Long.: -4.53 Long.: -0.18

Pitch: -2.46 Lat.: 0.03 Lat.: -0.27

Roll: -0.47 Long.: -4.39 Long.: -0.21

Pitch: 0.70 Lat.: 0.19 Lat.: -0.24

Roll: 1.47 Long.: -4.30 Long.: -0.23

Pitch: -1.51 Lat.: -0.69 Lat.: 0.41

Roll: 1.77 Long.: -4.27 Long.: -0.18

Pitch: -0.78 Lat.: -0.51 Lat.: 0.41

0
Keeper Plate Rupture, 

Bolt Release

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s]      
[P: 10ft/s;  Max: 

16 ft/s]

Ridedown 

Acc. [g]        
[P: 15g; 

Max:20.49g]

High

25
Keeper Plate Rupture, 

Bolt Release
A-Pillar: 0.19 in. A-Pillar: 0.19 in. High

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Center

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

High

Roof: 6.07 in. Roof: 6.07 in. Low

Keeper Plate Rupture, 

Bolt Release
Roof: 1.59 in. Roof: 1.59 in.

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

23 20'

None
No occupant 

compartment def.

Center7" Base Dual 10'
4-bolt Slip 

Base
11 ga 381 lb

MASH 3-62

Left 1/4

Center

Right 1/4

MASH 3-61

Right 1/4

MASH 3-60

No occupant 

compartment def.

25

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

0
Keeper Plate Rupture, 

Bolt Release

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

High

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
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Figure D-5. Detailed Simulation Results, Simulation Number 30 

 
Figure D-6. Detailed Simulation Results, Simulation Number 31 

  

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.37 Long.: -3.36 Long.: 0.07

Pitch: -0.37 Lat.: 0.14 Lat.: 0.10

Roll: -0.36 Long.: -2.99 Long.: -0.09

Pitch: -0.37 Lat.: 0.11 Lat.: -0.09

Roll: 0.54 Long.: -3.57 Long.: -0.55

Pitch: -0.87 Lat.: 0.04 Lat.: -0.20

Roll: 0.58 Long.: -3.51 Long.: -0.93

Pitch: -0.76 Lat.: 0.00 Lat.: 0.43

Roll: 0.35 Long.: -3.58 Long.: 0.09

Pitch: 0.19 Lat.: 0.16 Lat.: 0.12

Roll: 0.28 Long.: -3.09 Long.: -0.10

Pitch: -0.19 Lat.: 0.08 Lat.: 0.12

Roll: -0.78 Long.: -6.26 Long.: -0.25

Pitch: -0.78 Lat.: 0.64 Lat.: 0.33

Roll: -0.55 Long.: -4.49 Long.: -0.19

Pitch: 0.59 Lat.: 0.14 Lat.: 0.23

None
No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

None
No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

11 ga.
4-Bolt Slip 

Base
Single 4'7.5" Base30'

Center

0
Keeper Plate Rupture, 

Bolt Release
MASH 3-60

300 lb

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release

Roof: 2.14 in.

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] 
[P: 10ft/s;       

Max: 16 ft/s]

Ridedown 

Acc. [g]             
[P: 15g; 

Max:20.49g]

30

Medium

25
Keeper Plate Rupture, 

Bolt Release

Roof: 3.55 in. 

FW: 2.90 in.

Roof: 3.55 in. 

FW: 2.90 in.
Medium

Roof: 2.14 in.

HighMASH 3-61 Center 0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

HighMASH 3-62 Center 0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: -0.20 Long.: -3.80 Long.: -0.08

Pitch: -0.78 Lat.: 0.02 Lat.: -0.08

Roll: 0.15 Long.: -3.48 Long.: -0.70

Pitch: -0.60 Lat.: -0.01 Lat.: 0.20

Roll: 0.61 Long.: -6.37 Long.: 0.22

Pitch: -0.86 Lat.: 0.35 Lat.: 0.41

Roll: -0.89 Long.: -4.53 Long.: -0.17

Pitch: 4.74 Lat.: 0.11 Lat.: -0.30

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;       Max: 

16 ft/s]

Ridedown 

Acc. [g]     [P: 

15g; 

Max:20.49g]

31 30' 7.5" Base Dual 4'
4-Bolt Slip 

Base
11 ga. 390 lb

MASH 3-60 Center

0
Keeper Plate Rupture, 

Bolt Release
Roof: 2.57 in. Medium

25
Keeper Plate Rupture, 

Bolt Release

Roof: 3.90 in. 

FW: 3.50 in.

Roof: 3.90 in. 

FW: 3.50 in.
Low

Roof: 2.57 in.

HighMASH 3-61 Center 0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

HighMASH 3-62 Center 0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
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Figure D-7. Detailed Simulation Results, Simulation Number 34-1 

 
Figure D-8. Detailed Simulation Results, Simulation Number 34-2 

 
Figure D-9. Detailed Simulation Results, Simulation Number 32  

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.38 Long.: -3.32 Long.: -0.09

Pitch: -0.37 Lat.: 0.15 Lat.: -0.08

Roll: -0.37 Long.: -3.34 Long.: -0.08

Pitch: -0.35 Lat.: 0.10 Lat.: -0.07

Roll: 1.78 Long.: -3.51 Long.: -0.73

Pitch: -1.36 Lat.: 0.02 Lat.: -0.67

Roll: 0.44 Long.: -3.71 Long.: -0.70

Pitch: -2.30 Lat.: 0.03 Lat.: -0.30

Roll: 0.32 Long.: -3.37 Long.: 0.08

Pitch: -0.19 Lat.: 0.11 Lat.: 0.15

Roll: -0.51 Long.: -3.25 Long.: 0.10

Pitch: -0.20 Lat.: -0.02 Lat.: 0.11

None
No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] 
[P: 10ft/s;    

Max: 16 ft/s]

Ridedown 

Acc. [g]    [P: 

15g; 

Max:20.49g]

Center

0
Keeper Plate Rupture, 

Bolt Release

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

34-1 30' 8" Base Single 10'
4-Bolt Slip 

Base

Low

25
Keeper Plate Rupture, 

Bolt Release
Roof: 8.28 in. Roof: 8.28 in. Low

Roof: 6.79 in. Roof: 6.79 in.

11 ga. 349 lb MASH 3-60

25
Keeper Plate Rupture, 

Bolt Release

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.19 Long.: -3.60 Long.: -0.78

Pitch: -0.62 Lat.: 0.04 Lat.: 0.18

Roll: 0.79 Long.: -3.68 Long.: -0.53

Pitch: 0.59 Lat.: 0.02 Lat.: -0.36

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;    Max: 

16 ft/s]

Ridedown 

Acc. [g]    [P: 

15g; 

Max:20.49g]

34-2 30' 8" Base Dual 10'
4-Bolt Slip 

Base
11 ga. 468 lb MASH 3-60 Center

0
Keeper Plate Rupture, 

Bolt Release
Roof: 1.98 in. High

25
Keeper Plate Rupture, 

Bolt Release
Front Windshield: 0.50 Front Windshield: 0.50 High

Roof: 1.98 in.

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 1.27 Long.: -3.85 Long.: -1.00

Pitch: -1.68 Lat.: 0.01 Lat.: 0.66

Roll: 0.93 Long.: -3.74 Long.: -0.72

Pitch: -2.31 Lat.: 0.03 Lat.: 0.42

Roll: 1.04 Long.: -6.82 Long.: 0.31

Pitch: 0.93 Lat.: 0.52 Lat.: 0.36

Roll: 1.02 Long.: -4.60 Long.: -0.19

Pitch: 2.13 Lat.: 0.19 Lat.: -0.26

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;       Max: 

16 ft/s]

Ridedown 

Acc. [g]             
[P: 15g; 

Max:20.49g]

32 30' 8.5" Base Single 20'
4-Bolt Slip 

Base
11 ga. 433 lb

MASH 3-60 Center

0
Keeper Plate Rupture, 

Bolt Release

MASH 3-61 Center 0
Keeper Plate Rupture, 

Bolt Release

Roof: 7.77 in. Low

25
Keeper Plate Rupture, 

Bolt Release
Roof: 8.40 in. Roof: 8.40 in. Low

Roof: 7.77 in.

MASH 3-62 Center 0
Keeper Plate Rupture, 

Bolt Release
None High

None
No occupant 

compartment def.
High

No occupant 

compartment def.
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Figure D-10. Detailed Simulation Results, Simulation Number 33 

 

  

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.38 Long.: -3.40 Long.: 0.07

Pitch: -0.36 Lat.: 0.13 Lat.: -0.10

Roll: 0.45 Long.: -4.76 Long.: -0.13

Pitch: -0.36 Lat.: -0.05 Lat.: 0.20

Roll: 0.09 Long.: -3.74 Long.: -0.35

Pitch: 0.67 Lat.: 0.03 Lat.: -0.18

Roll: -0.24 Long.: -3.82 Long.: -0.31

Pitch: -0.68 Lat.: 0.01 Lat.: 0.40

Roll: 0.33 Long.: -3.76 Long.: 0.12

Pitch: -0.18 Lat.: 0.16 Lat.: 0.11

Roll: -0.49 Long.: -3.43 Long.: 0.12

Pitch: -0.19 Lat.: -0.13 Lat.: -0.13

Roll: 2.75 Long.: -7.33 Long.: -0.26

Pitch: 1.17 Lat.: 1.05 Lat.: 0.66

Roll: 1.68 Long.: -7.84 Long.: -0.35

Pitch: 0.76 Lat.: 0.63 Lat.: 0.64

Roll: 1.58 Long.: -6.97 Long.: 0.22

Pitch: -0.76 Lat.: 0.41 Lat.: 0.34

Roll: 0.39 Long.: -7.22 Long.: 0.27

Pitch: -5.34 Lat.: 0.57 Lat.: 0.37

Roll: 1.86 Long.: -7.94 Long.: -0.38

Pitch: -0.35 Lat.: 0.06 Lat.: -0.50

Roll: 0.65 Long.: -6.78 Long.: -0.31

Pitch: 3.73 Lat.: -0.16 Lat.: 0.34

Roll: -0.69 Long.: -4.63 Long.: -0.24

Pitch: 0.67 Lat.: 1.10 Lat.: -0.31

Roll: -0.56 Long.: -4.56 Long.: -0.26

Pitch: 1.15 Lat.: 1.07 Lat.: -0.28

Roll: -0.99 Long.: -4.64 Long.: -0.21

Pitch: -3.71 Lat.: 0.15 Lat.: -0.26

Roll: 0.67 Long.: -4.73 Long.: -0.25

Pitch: 2.26 Lat.: 0.23 Lat.: -0.25

Roll: 0.99 Long.: -4.70 Long.: -0.20

Pitch: 0.62 Lat.: -1.01 Lat.: 0.43

Roll: 1.67 Long.: -4.72 Long.: -0.23

Pitch: 1.45 Lat.: -0.80 Lat.: 0.48

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;  Max: 16 

ft/s]

Ridedown 

Acc. [g]    [P: 

15g; 

Max:20.49g]

33 30' 8.5" Base Dual 20'
4-bolt Slip 

Base
11 ga 381 lb

MASH 3-60

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

Center

0
Keeper Plate Rupture, 

Bolt Release
Roof: 3.35 in.

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Roof: 3.35 in. Medium

25
Keeper Plate Rupture, 

Bolt Release
Roof: 0.97 in. Roof: 0.97 in. High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

MASH 3-61

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

Center

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

MASH 3-62

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

Center

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High
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Figure D-11. Detailed Simulation Results, Simulation Number 35 

 
Figure D-12. Detailed Simulation Results, Simulation Number 36 

  

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.35 Long.: -3.40 Long.: -0.07

Pitch: -0.37 Lat.: 0.11 Lat.: 0.09

Roll: 0.47 Long.: -4.08 Long.: -0.14

Pitch: -0.37 Lat.: 0.08 Lat.: -0.09

Roll: 0.23 Long.: -3.60 Long.: -0.06

Pitch: -0.55 Lat.: 0.04 Lat.: -0.11

Roll: 0.25 Long.: -3.65 Long.: -0.35

Pitch: -0.79 Lat.: 0.02 Lat.: 0.21

Roll: 0.34 Long.: -3.62 Long.: 0.13

Pitch: -0.19 Lat.: 0.13 Lat.: 0.15

Roll: 0.30 Long.: -3.33 Long.: 0.09

Pitch: -0.18 Lat.: 0.06 Lat.: 0.14

Roll: 0.37 Long.: -6.82 Long.: 0.32

Pitch: -3.38 Lat.: 0.92 Lat.: -0.37

Roll: 1.14 Long.: -4.63 Long.: -0.18

Pitch: 0.58 Lat.: 0.24 Lat.: 0.21

Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

None
No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

11 ga. 347 lb

MASH 3-60

Right 1/4

0

Left 1/4

0

25

35 35' 8" Base Single 4'
4-Bolt Slip 

Base

Center

0
Keeper Plate Rupture, 

Bolt Release

MASH 3-61

Keeper Plate Rupture, 

Bolt Release

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] 
[P: 10ft/s;       

Max: 16 ft/s]

Ridedown 

Acc. [g]             
[P: 15g; 

Max:20.49g]

Medium

Roof: 3.64 in.

Center 0
Keeper Plate Rupture, 

Bolt Release

MASH 3-62 Center 0
Keeper Plate Rupture, 

Bolt Release
None

25
Keeper Plate Rupture, 

Bolt Release
Roof: 3.67 in. Roof: 3.67 in.

Roof: 3.64 in. Medium

None
No occupant 

compartment def.
High

No occupant 

compartment def.
High

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.06 Long.: -3.46 Long.: -0.07

Pitch: 0.75 Lat.: 0.02 Lat.: -0.09

Roll: 0.65 Long.: -3.76 Long.: -0.48

Pitch: -0.47 Lat.: 0.01 Lat.: -0.35

Roll: -0.40 Long.: -7.18 Long.: -0.34

Pitch: -0.98 Lat.: 0.20 Lat.: 0.38

Roll: 0.55 Long.: -4.65 Long.: -0.18

Pitch: 0.57 Lat.: 0.09 Lat.: -0.28

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;       Max: 

16 ft/s]

Ridedown 

Acc. [g]             
[P: 15g; 

Max:20.49g]

36 35' 8" Base Dual 4'
4-Bolt Slip 

Base
11 ga. 437 lb

MASH 3-60 Center

0
Keeper Plate Rupture, 

Bolt Release

MASH 3-61 Center 0
Keeper Plate Rupture, 

Bolt Release

Roof: 3.59 in. Medium

25
Keeper Plate Rupture, 

Bolt Release
Roof: 1.88 in. Roof: 1.88 in. High

Roof: 3.59 in.

MASH 3-62 Center 0
Keeper Plate Rupture, 

Bolt Release
None High

None
No occupant 

compartment def.
High

No occupant 

compartment def.
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Figure D-13. Detailed Simulation Results, Simulation Number 39-1 

 
Figure D-14. Detailed Simulation Results, Simulation Number 39-2 

 
Figure D-15. Detailed Simulation Results, Simulation Number 37  

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.36 Long.: -3.54 Long.: -0.08

Pitch: -0.35 Lat.: 0.10 Lat.: 0.09

Roll: 0.43 Long.: -3.82 Long.: -0.12

Pitch: -0.36 Lat.: 0.08 Lat.: 0.16

Roll: -0.48 Long.: -3.72 Long.: -0.84

Pitch: -0.73 Lat.: 0.02 Lat.: 0.41

Roll: 0.12 Long.: -3.95 Long.: -0.67

Pitch: -0.93 Lat.: 0.01 Lat.: 0.31

Roll: 0.33 Long.: -3.62 Long.: -0.16

Pitch: 0.22 Lat.: 0.13 Lat.: 0.12

Roll: -0.35 Long.: -3.45 Long.: 0.12

Pitch: -0.18 Lat.: 0.04 Lat.: -0.11

None
No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] 
[P: 10ft/s;    

Max: 16 ft/s]

Ridedown 

Acc. [g]    [P: 

15g; 

Max:20.49g]

Center

0
Keeper Plate Rupture, 

Bolt Release

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

39-1 35' 8.5" Base Single 10'
4-Bolt Slip 

Base

Low

25
Keeper Plate Rupture, 

Bolt Release
Roof: 4.36 in. Roof: 4.36 in. Low

Roof: 4.54 in. Roof: 4.54 in.
11 ga. 393 lb MASH 3-60

25
Keeper Plate Rupture, 

Bolt Release

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.09 Long.: -3.68 Long.: -0.51

Pitch: 0.46 Lat.: 0.01 Lat.: -0.12

Roll: 0.22 Long.: -3.91 Long.: -0.35

Pitch: 0.52 Lat.: 0.00 Lat.: 0.17

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;    Max: 

16 ft/s]

Ridedown 

Acc. [g]    [P: 

15g; 

Max:20.49g]

39-2 35' 8.5" Base Dual 10'
4-Bolt Slip 

Base
11 ga. 513 lb MASH 3-60 Center

0
Keeper Plate Rupture, 

Bolt Release
Roof: 3.64 in. Medium

25
Keeper Plate Rupture, 

Bolt Release
Roof: 2.51 in. Roof: 2.51 in. Medium

Roof: 3.64 in.

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: -1.83 Long.: -3.92 Long.: 0.06

Pitch: -1.27 Lat.: -0.01 Lat.: 0.09

Roll: 0.53 Long.: -4.73 Long.: -0.70

Pitch: -1.31 Lat.: 0.04 Lat.: 0.32

Roll: -1.22 Long.: -7.37 Long.: 0.23

Pitch: 1.46 Lat.: 0.61 Lat.: 0.31

Roll: -1.36 Long.: -4.75 Long.: -0.19

Pitch: -0.64 Lat.: 0.14 Lat.: -0.34

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;       Max: 

16 ft/s]

Ridedown 

Acc. [g]             
[P: 15g; 

Max:20.49g]

37 35' 9" Base Single 20'
4-Bolt Slip 

Base
11 ga. 485 lb

MASH 3-60 Center

0
Keeper Plate Rupture, 

Bolt Release

MASH 3-61 Center 0
Keeper Plate Rupture, 

Bolt Release

Roof: 3.12 in. Medium

25
Keeper Plate Rupture, 

Bolt Release
Roof: 4.24 in. Roof: 4.24 in. Low

Roof: 3.12 in.

MASH 3-62 Center 0
Keeper Plate Rupture, 

Bolt Release
None High

None
No occupant 

compartment def.
High

No occupant 

compartment def.
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Figure D-16. Detailed Simulation Results, Simulation Number 38 

  

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.43 Long.: -3.79 Long.: -0.14

Pitch: -0.35 Lat.: 0.09 Lat.: 0.16

Roll: 0.49 Long.: -4.90 Long.: 0.28

Pitch: -0.36 Lat.: -0.25 Lat.: -0.79

Roll: 0.25 Long.: -4.80 Long.: 0.12

Pitch: -0.28 Lat.: 0.06 Lat.: -0.17

Roll: 0.39 Long.: -4.55 Long.: -0.46

Pitch: 0.56 Lat.: 0.00 Lat.: -0.36

Roll: 0.33 Long.: -3.94 Long.: 0.12

Pitch: 0.20 Lat.: 0.20 Lat.: -0.13

Roll: 0.31 Long.: -3.64 Long.: 0.10

Pitch: 0.20 Lat.: 0.11 Lat.: -0.16

Roll: 1.43 Long.: -8.06 Long.: -0.43

Pitch: 1.99 Lat.: 0.81 Lat.: 0.60

Roll: -1.70 Long.: -7.76 Long.: 0.23

Pitch: -0.65 Lat.: 0.32 Lat.: 0.69

Roll: 0.72 Long.: -7.42 Long.: 0.26

Pitch: -0.83 Lat.: 0.27 Lat.: 0.43

Roll: -1.42 Long.: -8.17 Long.: -0.38

Pitch: -2.33 Lat.: 0.39 Lat.: 0.51

Roll: 1.20 Long.: -7.79 Long.: 0.29

Pitch: -0.53 Lat.: -0.45 Lat.: -0.53

Roll: 4.34 Long.: -7.79 Long.: 0.25

Pitch: 0.45 Lat.: -0.91 Lat.: -0.70

Roll: -1.49 Long.: -4.93 Long.: -0.20

Pitch: 0.84 Lat.: 1.20 Lat.: -0.33

Roll: 0.64 Long.: -4.93 Long.: -0.20

Pitch: -1.94 Lat.: 1.16 Lat.: -0.29

Roll: 0.83 Long.: -4.84 Long.: -0.20

Pitch: 0.91 Lat.: 0.01 Lat.: 0.22

Roll: -0.48 Long.: -4.94 Long.: -0.21

Pitch: 1.54 Lat.: 0.43 Lat.: 0.26

Roll: 1.48 Long.: -5.27 Long.: -0.40

Pitch: -2.19 Lat.: -1.00 Lat.: 0.55

Roll: 1.57 Long.: -4.91 Long.: -0.27

Pitch: 2.05 Lat.: -1.06 Lat.: 0.47

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;  Max: 16 

ft/s]

Ridedown 

Acc. [g]    [P: 

15g; 

Max:20.49g]

38 35' 9" Base Dual 20'
4-bolt Slip 

Base
11 ga 656 lb

MASH 3-60

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

Center

0
Keeper Plate Rupture, 

Bolt Release
Roof: 5.45 in.

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Roof: 5.45 in. Low

25
Keeper Plate Rupture, 

Bolt Release
Roof: 0.39 in. Roof: 0.39 in. High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

MASH 3-61

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

Center

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

MASH 3-62

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

Center

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High
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Figure D-17. Detailed Simulation Results, Simulation Number 40  

 
Figure D-18. Detailed Simulation Results, Simulation Number 41 

  

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.37 Long.: -3.83 Long.: -0.16

Pitch: -0.35 Lat.: 0.10 Lat.: 0.12

Roll: 0.60 Long.: -5.55 Long.: -0.16

Pitch: -0.35 Lat.: 0.11 Lat.: -0.23

Roll: -0.20 Long.: -3.79 Long.: -0.10

Pitch: 0.31 Lat.: 0.00 Lat.: -0.09

Roll: -0.40 Long.: -4.07 Long.: -0.68

Pitch: 0.52 Lat.: -0.02 Lat.: 0.42

Roll: 0.34 Long.: -4.10 Long.: 0.11

Pitch: 0.21 Lat.: 0.15 Lat.: -0.13

Roll: -0.39 Long.: -3.72 Long.: 0.11

Pitch: 0.26 Lat.: -0.05 Lat.: -0.13

Roll: 0.39 Long.: -7.81 Long.: 0.37

Pitch: -0.94 Lat.: 0.81 Lat.: 0.37

Roll: 4.53 Long.: -4.86 Long.: -0.19

Pitch: 4.25 Lat.: 0.32 Lat.: 0.26

None
No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

None
No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

11 ga. 411 lb

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release

9" Base40'40 Single 4'
4-Bolt Slip 

Base

Center

0
Keeper Plate Rupture, 

Bolt Release

MASH 3-61

MASH 3-60

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] 
[P: 10ft/s;       

Max: 16 ft/s]

Ridedown 

Acc. [g]             
[P: 15g; 

Max:20.49g]

High

Roof: 1.88 in.

Center 0
Keeper Plate Rupture, 

Bolt Release

MASH 3-62 Center 0
Keeper Plate Rupture, 

Bolt Release
None

25
Keeper Plate Rupture, 

Bolt Release
Roof: 1.69 in. Roof: 1.69 in.

Roof: 1.88 in. High

None
No occupant 

compartment def.
High

No occupant 

compartment def.
High

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: -0.11 Long.: -3.92 Long.: -0.32

Pitch: 0.23 Lat.: 0.01 Lat.: 0.15

Roll: 0.67 Long.: -4.25 Long.: -0.52

Pitch: 0.45 Lat.: -0.03 Lat.: -0.42

Roll: 0.34 Long.: -7.70 Long.: -0.55

Pitch: -1.17 Lat.: 0.15 Lat.: 0.40

Roll: 1.49 Long.: -4.82 Long.: -0.27

Pitch: -1.00 Lat.: 0.06 Lat.: -0.21

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;       Max: 

16 ft/s]

Ridedown 

Acc. [g]             
[P: 15g; 

Max:20.49g]

41 40' 9" Base Dual 4'
4-Bolt Slip 

Base
11 ga. 501 lb

MASH 3-60 Center

0
Keeper Plate Rupture, 

Bolt Release

MASH 3-61 Center 0
Keeper Plate Rupture, 

Bolt Release

Roof: 4.08 in. Low

25
Keeper Plate Rupture, 

Bolt Release
Front Windshield: 0.68 Front Windshield: 0.68 High

Roof: 4.08 in.

MASH 3-62 Center 0
Keeper Plate Rupture, 

Bolt Release
None High

None
No occupant 

compartment def.
High

No occupant 

compartment def.



 

 

2
7
7
 

D
ecem

b
er 1

8
, 2

0
2
5

  

M
w

R
S

F
 R

ep
o
rt N

o
. T

R
P

-0
3
-4

8
1
-2

5
 

 
Figure D-19. Detailed Simulation Results, Simulation Number 44-1 

 
Figure D-20. Detailed Simulation Results, Simulation Number 44-2  

 
Figure D-21. Detailed Simulation Results, Simulation Number 42 

 

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.38 Long.: -3.91 Long.: -0.12

Pitch: -0.35 Lat.: 0.09 Lat.: -0.10

Roll: 0.50 Long.: -4.80 Long.: -0.13

Pitch: -0.35 Lat.: 0.01 Lat.: -0.19

Roll: -0.61 Long.: -3.85 Long.: -0.54

Pitch: 0.55 Lat.: 0.02 Lat.: 0.58

Roll: 0.17 Long.: -4.60 Long.: -0.51

Pitch: 0.64 Lat.: 0.04 Lat.: 0.22

Roll: 0.33 Long.: -4.14 Long.: 0.15

Pitch: 0.22 Lat.: 0.18 Lat.: -0.14

Roll: 0.31 Long.: -3.78 Long.: 0.14

Pitch: 0.27 Lat.: 0.13 Lat.: -0.18

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] 
[P: 10ft/s;    

Max: 16 ft/s]

Ridedown 

Acc. [g]    [P: 

15g; 

Max:20.49g]

0
Keeper Plate Rupture, 

Bolt Release

High

High

9.5" Base44-1 40' Single 10'
4-Bolt Slip 

Base

High

25
Keeper Plate Rupture, 

Bolt Release
Roof: 3.30 in. Roof: 3.30 in. Medium

Roof: 0.19 in. Roof: 0.19 in.

11 ga. 466 lb MASH 3-60 Center

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.09 Long.: -4.01 Long.: -0.36

Pitch: 0.69 Lat.: 0.02 Lat.: 0.12

Roll: 0.51 Long.: -4.60 Long.: -0.37

Pitch: 0.84 Lat.: 0.06 Lat.: -0.27

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;    Max: 

16 ft/s]

Ridedown 

Acc. [g]    [P: 

15g; 

Max:20.49g]

44-2 40' 9.5" Base Dual 10'
4-Bolt Slip 

Base
11 ga. 586 lb MASH 3-60 Center

0
Keeper Plate Rupture, 

Bolt Release
Roof: 1.76 in. High

25
Keeper Plate Rupture, 

Bolt Release
Roof: 0.84 in. Roof: 0.84 in. High

Roof: 1.76 in.

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.52 Long.: -3.97 Long.: -0.28

Pitch: -0.52 Lat.: -0.01 Lat.: 0.21

Roll: -0.82 Long.: -5.10 Long.: -0.66

Pitch: -0.81 Lat.: -0.03 Lat.: 0.45

Roll: 0.48 Long.: -8.37 Long.: 0.47

Pitch: -1.47 Lat.: 0.68 Lat.: 0.50

Roll: -0.54 Long.: -5.10 Long.: -0.29

Pitch: -0.70 Lat.: 0.28 Lat.: -0.18

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;       Max: 

16 ft/s]

Ridedown 

Acc. [g]             
[P: 15g; 

Max:20.49g]

42 40' 10" Base Single 20'
4-Bolt Slip 

Base
11 ga. 556 lb

MASH 3-60 Center

0
Keeper Plate Rupture, 

Bolt Release

MASH 3-61 Center 0
Keeper Plate Rupture, 

Bolt Release

C-Pillar: 0.22 in. High

25
Keeper Plate Rupture, 

Bolt Release
Roof: 4.73 in. Roof: 4.73 in. Low

C-Pillar: 0.22 in.

MASH 3-62 Center 0
Keeper Plate Rupture, 

Bolt Release
None High

None
No occupant 

compartment def.
High

No occupant 

compartment def.
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Figure D-22. Detailed Simulation Results, Simulation Number 43  

 

  

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.44 Long.: -4.23 Long.: -0.19

Pitch: -0.34 Lat.: 0.12 Lat.: -0.14

Roll: 0.68 Long.: -6.94 Long.: -0.40

Pitch: -0.35 Lat.: 0.03 Lat.: -1.45

Roll: 0.10 Long.: -4.53 Long.: -1.04

Pitch: 0.24 Lat.: 0.00 Lat.: 0.34

Roll: 0.45 Long.: -5.24 Long.: -0.75

Pitch: 0.31 Lat.: -0.07 Lat.: -0.78

Roll: 0.35 Long.: -4.24 Long.: -0.11

Pitch: 0.25 Lat.: 0.14 Lat.: -0.15

Roll: 0.33 Long.: -3.99 Long.: -0.10

Pitch: 0.32 Lat.: 0.14 Lat.: -0.12

Roll: -2.10 Long.: -8.55 Long.: -0.62

Pitch: 0.61 Lat.: 0.38 Lat.: 0.59

Roll: 0.72 Long.: -8.25 Long.: 0.35

Pitch: 0.83 Lat.: 0.06 Lat.: 0.62

Roll: 0.35 Long.: -8.74 Long.: -0.40

Pitch: -1.38 Lat.: 0.16 Lat.: 0.39

Roll: 0.41 Long.: -9.44 Long.: -0.79

Pitch: 2.65 Lat.: 0.48 Lat.: 0.50

Roll: -1.26 Long.: -8.52 Long.: -0.27

Pitch: 1.87 Lat.: -0.55 Lat.: -0.76

Roll: -0.94 Long.: -8.67 Long.: 0.26

Pitch: 0.67 Lat.: -0.26 Lat.: -0.62

Roll: -0.51 Long.: -5.41 Long.: -0.21

Pitch: 0.91 Lat.: 1.23 Lat.: -0.31

Roll: 1.52 Long.: -5.48 Long.: -0.28

Pitch: 1.49 Lat.: 1.32 Lat.: 0.52

Roll: 1.90 Long.: -5.26 Long.: -0.26

Pitch: 3.46 Lat.: 0.07 Lat.: -0.21

Roll: -0.57 Long.: -5.36 Long.: -0.26

Pitch: -0.83 Lat.: 0.19 Lat.: 0.34

Roll: -1.21 Long.: -5.25 Long.: -0.28

Pitch: 4.78 Lat.: -1.11 Lat.: -0.41

Roll: -0.86 Long.: -5.12 Long.: -0.25

Pitch: 1.25 Lat.: -1.01 Lat.: 0.38

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;  Max: 16 

ft/s]

Ridedown 

Acc. [g]    [P: 

15g; 

Max:20.49g]

43 40' 10" Base Dual 20'
4-bolt Slip 

Base
11 ga 727 lb

MASH 3-60

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

Center

0
Keeper Plate Rupture, 

Bolt Release
Roof: 3.55 in.

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Roof: 3.55 in. Medium

25
Keeper Plate Rupture, 

Bolt Release
Roof: 3.67 in. Roof: 3.67 in. Medium

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

MASH 3-61

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

Center

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

MASH 3-62

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

Center

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High
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Figure D-23. Detailed Simulation Results, Simulation Number 45 

 
Figure D-24. Detailed Simulation Results, Simulation Number 46   

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.42 Long.: -4.10 Long.: -0.20

Pitch: -0.34 Lat.: 0.06 Lat.: -0.13

Roll: -1.01 Long.: -19.66 Long.: 0.72

Pitch: -0.43 Lat.: -3.54 Lat.: 0.76

Roll: -0.56 Long.: -4.04 Long.: -0.42

Pitch: 0.34 Lat.: 0.04 Lat.: -0.22

Roll: -0.33 Long.: -4.85 Long.: -0.70

Pitch: 0.67 Lat.: 0.08 Lat.: 0.46

Roll: 0.42 Long.: -5.35 Long.: -0.12

Pitch: 0.25 Lat.: 0.12 Lat.: -0.18

Roll: 0.30 Long.: -4.01 Long.: 0.10

Pitch: 0.31 Lat.: 0.10 Lat.: 0.13

Roll: 0.47 Long.: -8.02 Long.: 0.43

Pitch: -1.13 Lat.: 0.74 Lat.: 0.35

Roll: -0.47 Long.: -5.09 Long.: 0.22

Pitch: -0.82 Lat.: 0.38 Lat.: -0.33

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

Low            
(Bad Model)

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

45

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

11 ga.
4-Bolt Slip 

Base
Single 4'9.5" Base45'

Center

0
Keeper Plate Rupture, 

Bolt Release

MASH 3-61

MASH 3-60

466 lb

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] 
[P: 10ft/s;       

Max: 16 ft/s]

Ridedown 

Acc. [g]             
[P: 15g; 

Max:20.49g]

Medium

C-Pillar: 0.35 in.

Center 0
Keeper Plate Rupture, 

Bolt Release

MASH 3-62 Center 0
Keeper Plate Rupture, 

Bolt Release
None

25
Keeper Plate Rupture, 

Bolt Release
Roof: 3.00 in. Roof: 3.00 in.

C-Pillar: 0.35 in. High

None
No occupant 

compartment def.
High

No occupant 

compartment def.
High

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.12 Long.: -4.22 Long.: -0.07

Pitch: 0.77 Lat.: 0.00 Lat.: -0.11

Roll: 0.16 Long.: -4.94 Long.: -0.55

Pitch: 0.35 Lat.: 0.05 Lat.: 0.15

Roll: 0.38 Long.: -9.09 Long.: -0.69

Pitch: -2.28 Lat.: 0.20 Lat.: 0.48

Roll: -0.57 Long.: -5.06 Long.: -0.22

Pitch: 3.58 Lat.: -0.02 Lat.: -0.26

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;       Max: 

16 ft/s]

Ridedown 

Acc. [g]             
[P: 15g; 

Max:20.49g]

46 45' 9.5" Base Dual 4'
4-Bolt Slip 

Base
11 ga. 557 lb

MASH 3-60 Center

0
Keeper Plate Rupture, 

Bolt Release

MASH 3-61 Center 0
Keeper Plate Rupture, 

Bolt Release

Roof: 4.02 in. Low

25
Keeper Plate Rupture, 

Bolt Release
Roof: 0.93 in. Roof: 0.93 in. High

Roof: 4.02 in.

MASH 3-62 Center 0
Keeper Plate Rupture, 

Bolt Release
None High

None
No occupant 

compartment def.
High

No occupant 

compartment def.
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Figure D-25. Detailed Simulation Results, Simulation Number 49-1  

 
Figure D-26. Detailed Simulation Results, Simulation Number 49-2  

 
Figure D-27. Detailed Simulation Results, Simulation Number 47  

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.39 Long.: -4.30 Long.: -0.13

Pitch: -0.34 Lat.: 0.04 Lat.: -0.15

Roll: 0.70 Long.: -6.88 Long.: -0.09

Pitch: -0.36 Lat.: 0.03 Lat.: -0.17

Roll: -0.66 Long.: -4.23 Long.: -0.71

Pitch: 0.57 Lat.: -0.01 Lat.: 0.58

Roll: -0.73 Long.: -4.85 Long.: -0.62

Pitch: 0.39 Lat.: 0.08 Lat.: 0.69

Roll: 0.33 Long.: -4.39 Long.: -0.09

Pitch: 0.30 Lat.: 0.21 Lat.: 0.13

Roll: 0.32 Long.: -4.14 Long.: 0.10

Pitch: 0.31 Lat.: 0.03 Lat.: 0.16

None
No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] 
[P: 10ft/s;    

Max: 16 ft/s]

Ridedown 

Acc. [g]    [P: 

15g; 

Max:20.49g]

Center

0
Keeper Plate Rupture, 

Bolt Release

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

49-1 45' 10" Base Single 10'
4-Bolt Slip 

Base

High

25
Keeper Plate Rupture, 

Bolt Release
Roof: 1.50 in. Roof: 1.50 in. High

Front Windshield: 

0.56 in.

Front Windshield:   

0.56 in.
11 ga. 529 lb MASH 3-60

25
Keeper Plate Rupture, 

Bolt Release

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.10 Long.: -4.63 Long.: -0.29

Pitch: 0.31 Lat.: 0.01 Lat.: 0.13

Roll: 0.36 Long.: -5.67 Long.: -0.68

Pitch: 0.53 Lat.: -0.08 Lat.: -0.47

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;    Max: 

16 ft/s]

Ridedown 

Acc. [g]     [P: 

15g; 

Max:20.49g]

49-2 45' 10" Base Dual 10'
4-Bolt Slip 

Base
11 ga. 648 lb MASH 3-60 Center

0
Keeper Plate Rupture, 

Bolt Release
Roof: 6.39 in. Low

25
Keeper Plate Rupture, 

Bolt Release
C-Pillar: 0.60 in. C-Pillar: 0.60 in. High

Roof: 6.39 in.

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.70 Long.: -4.64 Long.: -0.10

Pitch: -0.30 Lat.: 0.01 Lat.: -0.11

Roll: -0.57 Long.: -4.95 Long.: -0.81

Pitch: 0.75 Lat.: 0.07 Lat.: 0.52

Roll: 1.08 Long.: -10.00 Long.: -0.57

Pitch: -2.70 Lat.: 0.79 Lat.: 0.82

Roll: -1.78 Long.: -5.83 Long.: -0.33

Pitch: 2.80 Lat.: 0.29 Lat.: 0.33

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;       Max: 

16 ft/s]

Ridedown 

Acc. [g]             
[P: 15g; 

Max:20.49g]

47 45' 10.5" Base Single 20'
4-Bolt Slip 

Base
10 ga. 676 lb

MASH 3-60 Center

0
Keeper Plate Rupture, 

Bolt Release

MASH 3-61 Center 0
Keeper Plate Rupture, 

Bolt Release

Roof: 0.45 in. High

25
Keeper Plate Rupture, 

Bolt Release
Roof: 1.10 in. Roof: 1.10 in. High

Roof: 0.45 in.

MASH 3-62 Center 0
Keeper Plate Rupture, 

Bolt Release
None High

None
No occupant 

compartment def.
High

No occupant 

compartment def.
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Figure D-28. Detailed Simulation Results, Simulation Number 48  

  

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.41 Long.: -4.70 Long.: -0.12

Pitch: -0.36 Lat.: 0.04 Lat.: -0.14

Roll: -0.69 Long.: -5.72 Long.: -0.37

Pitch: -0.38 Lat.: 0.09 Lat.: -0.99

Roll: 0.12 Long.: -4.99 Long.: -0.42

Pitch: 0.56 Lat.: 0.02 Lat.: 0.15

Roll: 0.19 Long.: -6.25 Long.: 0.37

Pitch: -0.15 Lat.: -0.19 Lat.: 0.37

Roll: 0.33 Long.: -4.83 Long.: -0.08

Pitch: 0.30 Lat.: 0.33 Lat.: -0.26

Roll: 0.30 Long.: -4.26 Long.: 0.08

Pitch: 0.24 Lat.: 0.11 Lat.: 0.15

Roll: -2.33 Long.: -9.38 Long.: -0.36

Pitch: -4.72 Lat.: -0.02 Lat.: 0.56

Roll: 1.45 Long.: -9.68 Long.: -0.73

Pitch: -1.38 Lat.: -0.44 Lat.: 0.84

Roll: 0.62 Long.: -10.73 Long.: -0.73

Pitch: -2.57 Lat.: -0.13 Lat.: 1.41

Roll: -4.58 Long.: -11.35 Long.: -0.67

Pitch: 7.02 Lat.: 0.30 Lat.: 0.71

Roll: 1.15 Long.: -9.02 Long.: -0.34

Pitch: 1.31 Lat.: 0.13 Lat.: -0.62

Roll: 1.39 Long.: -8.76 Long.: 0.42

Pitch: 2.42 Lat.: 0.12 Lat.: -0.52

Roll: -0.97 Long.: -5.84 Long.: -0.32

Pitch: 2.69 Lat.: 1.22 Lat.: 0.42

Roll: -0.75 Long.: -5.93 Long.: -0.52

Pitch: 0.63 Lat.: 1.08 Lat.: 0.71

Roll: -2.81 Long.: -6.00 Long.: -0.31

Pitch: 1.91 Lat.: 0.17 Lat.: -0.30

Roll: -1.37 Long.: -6.05 Long.: -0.41

Pitch: 0.74 Lat.: 0.24 Lat.: 0.33

Roll: -0.79 Long.: -5.91 Long.: -0.29

Pitch: 0.52 Lat.: -0.99 Lat.: -0.70

Roll: -0.80 Long.: -5.77 Long.: -0.33

Pitch: 0.88 Lat.: -1.11 Lat.: -0.33

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;  Max: 16 

ft/s]

Ridedown 

Acc. [g]    [P: 

15g; 

Max:20.49g]

48 45' 10.5" Base Dual 20'
4-bolt Slip 

Base
10 ga 847 lb

MASH 3-60

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

Center

0
Keeper Plate Rupture, 

Bolt Release
Roof: 6.11 in.

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Roof: 6.11 in. Low

25
Keeper Plate Rupture, 

Bolt Release
Roof: 3.41 in. Roof: 3.41 in. Medium

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

MASH 3-61

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

Center

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

MASH 3-62

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

Center

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High
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Figure D-29. Detailed Simulation Results, Simulation Number 50  

  

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.35 Long.: -4.44 Long.: -0.18

Pitch: -0.37 Lat.: 0.09 Lat.: 0.19

Roll: 0.68 Long.: -6.12 Long.: 0.13

Pitch: -0.40 Lat.: 0.09 Lat.: -0.25

Roll: -0.21 Long.: -4.86 Long.: -0.56

Pitch: 0.79 Lat.: 0.01 Lat.: -0.28

Roll: -0.32 Long.: -5.17 Long.: -1.81

Pitch: 0.17 Lat.: 0.00 Lat.: -1.13

Roll: 0.37 Long.: -4.89 Long.: -0.11

Pitch: 0.47 Lat.: 0.30 Lat.: 0.20

Roll: 0.30 Long.: -4.56 Long.: 0.11

Pitch: 0.45 Lat.: 0.18 Lat.: 0.19

Roll: -0.62 Long.: -9.78 Long.: -0.42

Pitch: -2.00 Lat.: 0.74 Lat.: 0.55

Roll: -0.83 Long.: -5.93 Long.: -0.26

Pitch: 0.80 Lat.: 0.47 Lat.: 0.34

B Pillar: 0.45 in. B Pillar: 0.45 in. High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

10 ga. 642 lb

MASH 3-60

Left 1/4

Right 1/4

50 50' 10.5" Base Single 8'
4-Bolt Slip 

Base

Center

0
Keeper Plate Rupture, 

Bolt Release

MASH 3-61

0
Keeper Plate Rupture, 

Bolt Release

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] 
[P: 10ft/s;       

Max: 16 ft/s]

Ridedown 

Acc. [g]             
[P: 15g; 

Max:20.49g]

Low

Roof: 5.31 in.

Center 0
Keeper Plate Rupture, 

Bolt Release

MASH 3-62 Center 0
Keeper Plate Rupture, 

Bolt Release
None

25
Keeper Plate Rupture, 

Bolt Release
Roof: 5.74 in. Roof: 5.74 in.

Roof: 5.31 in. Low

None
No occupant 

compartment def.
High

No occupant 

compartment def.
High
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Figure D-30. Detailed Simulation Results, Simulation Number 51 

 
Figure D-31. Detailed Simulation Results, Simulation Number 52  

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.09 Long.: -5.05 Long.: -0.51

Pitch: 0.60 Lat.: 0.03 Lat.: -0.12

Roll: 0.24 Long.: -5.41 Long.: -0.48

Pitch: 0.52 Lat.: 0.00 Lat.: -0.35

Roll: 0.86 Long.: -11.52 Long.: -1.02

Pitch: -3.60 Lat.: -0.26 Lat.: 0.83

Roll: 0.52 Long.: -5.87 Long.: -0.25

Pitch: 2.19 Lat.: 0.03 Lat.: -0.32

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;       Max: 

16 ft/s]

Ridedown 

Acc. [g]             
[P: 15g; 

Max:20.49g]

51 50' 10.5" Base Dual 8'
4-Bolt Slip 

Base
10 ga. 749 lb

MASH 3-60 Center

0
Keeper Plate Rupture, 

Bolt Release

MASH 3-61 Center 0
Keeper Plate Rupture, 

Bolt Release

Roof: 6.20 in. Low

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Roof: 6.20 in.

MASH 3-62 Center 0
Keeper Plate Rupture, 

Bolt Release
None High

None
No occupant 

compartment def.
High

No occupant 

compartment def.

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: -0.43 Long.: -6.26 Long.: -0.66

Pitch: 0.75 Lat.: 0.01 Lat.: 0.59

Roll: -1.91 Long.: -4.83 Long.: -0.92

Pitch: -0.41 Lat.: 0.01 Lat.: 0.72

Roll: 0.76 Long.: -10.20 Long.: 0.26

Pitch: -0.73 Lat.: 0.57 Lat.: -0.52

Roll: -1.01 Long.: -6.02 Long.: 0.42

Pitch: 0.62 Lat.: 0.39 Lat.: -0.40

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;       Max: 

16 ft/s]

Ridedown 

Acc. [g]             
[P: 15g; 

Max:20.49g]

52 50' 10.5" Base Single 25'
4-Bolt Slip 

Base
10 ga. 676 lb

MASH 3-60 Center

0
Keeper Plate Rupture, 

Bolt Release

MASH 3-61 Center 0
Keeper Plate Rupture, 

Bolt Release

Roof: 5.77 in. Low

25
Keeper Plate Rupture, 

Bolt Release
Roof: 4.04 in. Roof: 4.04 in. Low

Roof: 5.77 in.

MASH 3-62 Center 0
Keeper Plate Rupture, 

Bolt Release
None High

None
No occupant 

compartment def.
High

No occupant 

compartment def.
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Figure D-32. Detailed Simulation Results, Simulation Number 53 

  

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Failure Mechanism

Occupant 

Compartment 

Deformation

Simulation Results

Potential 

to Pass 

MASH 

Roll: 0.53 Long.: -6.05 Long.: -0.17

Pitch: -0.43 Lat.: -0.11 Lat.: -0.21

Roll: 0.52 Long.: -5.20 Long.: -0.20

Pitch: -0.47 Lat.: -0.01 Lat.: 0.24

Roll: 0.16 Long.: -7.23 Long.: -1.24

Pitch: -0.15 Lat.: -0.02 Lat.: 0.87

Roll: 0.16 Long.: -6.19 Long.: -1.92

Pitch: 0.29 Lat.: 0.02 Lat.: -0.69

Roll: 0.37 Long.: -5.76 Long.: -0.14

Pitch: 0.34 Lat.: 0.62 Lat.: -0.26

Roll: 0.35 Long.: -5.63 Long.: 0.12

Pitch: 0.32 Lat.: 0.17 Lat.: -0.20

Roll: 1.23 Long.: -10.13 Long.: -0.30

Pitch: 1.25 Lat.: -0.57 Lat.: 0.59

Roll: 1.30 Long.: -11.81 Long.: 0.57

Pitch: -1.54 Lat.: -0.45 Lat.: 0.83

Roll: 0.45 Long.: -12.45 Long.: 0.73

Pitch: -0.61 Lat.: 0.00 Lat.: 0.67

Roll: 0.46 Long.: -13.76 Long.: 1.54

Pitch: -1.61 Lat.: -0.30 Lat.: -0.54

Roll: -3.53 Long.: 11.33 Long.: -0.29

Pitch: -5.85 Lat.: 0.94 Lat.: -0.78

Roll: -2.15 Long.: -11.44 Long.: -0.78

Pitch: 1.53 Lat.: 0.28 Lat.: -1.07

Roll: 1.77 Long.: -6.97 Long.: -0.47

Pitch: 0.79 Lat.: 1.13 Lat.: 0.74

Roll: -1.09 Long.: -7.39 Long.: 0.60

Pitch: 2.60 Lat.: 0.76 Lat.: 0.96

Roll: 2.46 Long.: -7.14 Long.: -0.52

Pitch: 0.65 Lat.: 0.18 Lat.: -0.41

Roll: -3.07 Long.: -7.14 Long.: -0.36

Pitch: 0.64 Lat.: 0.33 Lat.: -0.42

Roll: -5.00 Long.: -7.15 Long.: -0.34

Pitch: 0.63 Lat.: -1.00 Lat.: -0.94

Roll: -0.71 Long.: -7.00 Long.: -0.63

Pitch: 0.53 Lat.: -1.35 Lat.: -1.07

Max. Roll 

and Pitch 

Angle  

(Degree) 
[Max: 75°]

OIV [ft/s] [P: 

10ft/s;  Max: 16 

ft/s]

Ridedown 

Acc. [g]    [P: 

15g; 

Max:20.49g]

53 50' 10.5" Base Dual 15'
4-bolt Slip 

Base
7 ga 986 lb

MASH 3-60

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

Center

0
Keeper Plate Rupture, 

Bolt Release
Roof: 6.87 in.

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Roof: 6.87 in. Low

25
Keeper Plate Rupture, 

Bolt Release
Roof: 3.60 in. Roof: 3.60 in. Medium

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

MASH 3-61

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

Center

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

MASH 3-62

Left 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

Center

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

Right 1/4

0
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High

High

25
Keeper Plate Rupture, 

Bolt Release
None

No occupant 

compartment def.
High
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Figure D-33. Simulation Pole Dynamics Description, Simulation Number 20 

 
Figure D-34. Simulation Pole Dynamics Description, Simulation Number 21 

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

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

0

25

4-Bolt Slip 

Base
11 ga. 222 lb

MASH 3-60

Left 1/4

Right 1/4

Center

0

0

25

Pole Dynamics Description

Pole falls to the rear side of the vehicle and clips the c-pillar while falling

Pole falls to the rear side of the vehicle and clips the c-pillar while falling

20 20' 6.5" Base Single 4'

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

25
Pole rotates ~90 deg CCW about the z-axis while falling and impacts rear passenger side 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
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 Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Dynamics Description

21 20' 6.5" Base Dual 4'
4-Bolt Slip 

Base
11 ga. 312 lb

MASH 3-60 Center

0
Pole falls without rotating about the z-axis and falls on the rear center of the roof and rear window, then 

falls off roof

25
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
MASH 3-61 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
MASH 3-62 Center 0
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Figure D-35. Simulation Pole Dynamics Description, Simulation Number 22 

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

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

MASH 3-62 Center 0

Pole rotates ~75 deg CCW about the z-axis while falling and impacts passenger side of roof and 

rear window, then falls off roof

25
Pole rotates ~45 deg CCW about the z-axis while falling and impacts rear center of roof and rear 

window, then falls off roof

Center 0

Pole Dynamics Description

22 20' 7" Base Single 10'
4-Bolt Slip 

Base
11 ga. 261 lb

MASH 3-60 Center

0

MASH 3-61
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Figure D-36. Simulation Pole Dynamics Description, Simulation Number 23  

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

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

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

25
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

25

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

25
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

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

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

25
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

25
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

0

0

Left 1/4

0

23 20' Center7" Base Dual 10'
4-bolt Slip 

Base
11 ga 381 lb

MASH 3-62

Left 1/4

Center

Right 1/4

MASH 3-61

Right 1/4

MASH 3-60

25

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

25
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

Left 1/4

0

Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

25
Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

Center

Right 1/4

0

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 without rotating about the z-axis and falls on the rear center of the roof and rear 

window, then falls off roof
0

Pole Dynamics Description

Pole falls to the driver side of the vehicle and does not make contact with the occupant 

compartment

25
Pole falls to the driver side of the vehicle and clips the A-pillar while falling
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Figure D-37. Simulation Pole Dynamics Description, Simulation Number 30 

 
Figure D-38. Simulation Pole Dynamics Description, Simulation Number 31 

  

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

25
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

25
Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

11 ga.
4-Bolt Slip 

Base
Single 4'7.5" Base30'

Center

0

MASH 3-60

300 lb

Right 1/4

0

Left 1/4

0

Pole Dynamics Description

30

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

25
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 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 3-61 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 Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

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
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
MASH 3-61 Center 0

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

25
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 Dynamics Description

31 30' 7.5" Base Dual 4'
4-Bolt Slip 

Base
11 ga. 390 lb

MASH 3-60 Center

0
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Figure D-39. Simulation Pole Dynamics Description, Simulation Number 34-1 

 

 
Figure D-40. Simulation Pole Dynamics Description, Simulation Number 34-2 

 
Figure D-41. Simulation Pole Dynamics Description, Simulation Number 32  

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

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

Right 1/4

0
Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

25

Pole Dynamics Description

Center

0

Left 1/4

0
Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

34-1 30' 8" Base Single 10'
4-Bolt Slip 

Base

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

25
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

11 ga. 349 lb MASH 3-60

25

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

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

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

Pole Dynamics Description

34-2 30' 8" Base Dual 10'
4-Bolt Slip 

Base
11 ga. 468 lb MASH 3-60 Center

0

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

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

MASH 3-62 Center 0

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

25
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

Center 0

Pole Dynamics Description

32 30' 8.5" Base Single 20'
4-Bolt Slip 

Base
11 ga. 433 lb

MASH 3-60 Center

0

MASH 3-61
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Figure D-42. Simulation Pole Dynamics Description, Simulation Number 33  

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

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

Right 1/4

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

25
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

MASH 3-62

Left 1/4

0

Center

0

25

Right 1/4

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

25
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

25
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

25
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

MASH 3-61

Left 1/4

0

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

25

Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

25
Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

Right 1/4

0

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

25
Pole falls without rotating about the z-axis and falls on the rear passenger side of the roof, then 

falls off vehicle

Pole Dynamics Description

33 30' 8.5" Base Dual 20'
4-bolt Slip 

Base
11 ga 381 lb

MASH 3-60

Left 1/4

0

Center

0

Pole falls to the driver side of the vehicle and does not make contact with the occupant 

compartment

25
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Figure D-43. Simulation Pole Dynamics Description, Simulation Number 35 

 
Figure D-44. Simulation Pole Dynamics Description, Simulation Number 36 

  

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

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 falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

25
Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

11 ga. 347 lb

MASH 3-60

Right 1/4

0

Left 1/4

0

25

35 35' 8" Base Single 4'
4-Bolt Slip 

Base

Center

0

MASH 3-61

Pole Dynamics Description

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

Center 0

MASH 3-62 Center 0

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

25

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

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Dynamics Description

36 35' 8" Base Dual 4'
4-Bolt Slip 

Base
11 ga. 437 lb

MASH 3-60 Center

0

MASH 3-61 Center 0

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

25
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

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

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
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Figure D-45. Simulation Pole Dynamics Description, Simulation Number 39-1 

 
Figure D-46. Simulation Pole Dynamics Description, Simulation Number 39-2 

 
Figure D-47. Simulation Pole Dynamics Description, Simulation Number 37  

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

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

Right 1/4

0 Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

25

Pole Dynamics Description

Center

0

Left 1/4

0 Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

39-1 35' 8.5" Base Single 10'
4-Bolt Slip 

Base

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

25
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

11 ga. 393 lb MASH 3-60

25

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Dynamics Description

39-2 35' 8.5" Base Dual 10'
4-Bolt Slip 

Base
11 ga. 513 lb MASH 3-60 Center

0
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

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

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Dynamics Description

37 35' 9" Base Single 20'
4-Bolt Slip 

Base
11 ga. 485 lb

MASH 3-60 Center

0

MASH 3-61 Center 0

Pole rotates ~60 deg CCW about z-axis while falling and impacts the front driver side of roof, defroming the length 

of the roof to the rear center of roof, then falls off roof

25
Pole rotates ~45 deg CCW about z-axis while falling and impacts the front center of roof, defroming the length of 

the roof to the rear center of roof, then impacts rear center of the roof while falling off vehicle

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
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Figure D-48. Simulation Pole Dynamics Description, Simulation Number 38  

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Dynamics Description

38 35' 9" Base Dual 20'
4-bolt Slip 

Base
11 ga 656 lb

MASH 3-60

Left 1/4

0

Center

0

Pole falls to the driver side of the vehicle and does not make contact with the occupant 

compartment

25
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

25
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

25
Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

Right 1/4

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

25
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

MASH 3-61

Left 1/4

0

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

25
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

25
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

Right 1/4

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

25
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

MASH 3-62

Left 1/4

0

Center

0

25
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

Right 1/4

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

25
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
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Figure D-49. Simulation Pole Dynamics Description, Simulation Number 40 

 
Figure D-50. Simulation Pole Dynamics Description, Simulation Number 41 

  

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

25
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

25
Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

11 ga. 411 lb

Right 1/4

0

Left 1/4

0

9" Base40'40 Single 4'
4-Bolt Slip 

Base

Center

0

MASH 3-61

MASH 3-60

Pole Dynamics Description

Pole rotates ~150 deg CCW about z-axis while falling and impacts front driver side of roof, and then 

deforms rear driver side of roof while falling off roof

Center 0

MASH 3-62 Center 0

Pole rotates ~180 deg CCW about z-axis while falling and impacts front driver side of roof, and then 

deforms rear driver side of roof while falling off roof

25

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

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Dynamics Description

41 40' 9" Base Dual 4'
4-Bolt Slip 

Base
11 ga. 501 lb

MASH 3-60 Center

0

MASH 3-61 Center 0

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

25
Pole falls without rotating about the z-axis and falls on the front passenger of the roof and front windshield, then 

impacts passenger side C-pillar while falling off vehicle

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

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
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Figure D-51. Simulation Pole Dynamics Description, Simulation Number 44-1 

 
Figure D-52. Simulation Pole Dynamics Description, Simulation Number 44-2 

 
Figure D-53. Simulation Pole Dynamics Description, Simulation Number 42  

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

25
Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

Right 1/4

0

Left 1/4

0

25

Pole Dynamics Description

0

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

9.5" Base44-1 40' Single 10'
4-Bolt Slip 

Base

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

25
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

11 ga. 466 lb MASH 3-60 Center

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Dynamics Description

44-2 40' 9.5" Base Dual 10'
4-Bolt Slip 

Base
11 ga. 586 lb MASH 3-60 Center

0
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

25
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

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Dynamics Description

42 40' 10" Base Single 20'
4-Bolt Slip 

Base
11 ga. 556 lb

MASH 3-60 Center

0

MASH 3-61 Center 0

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

25
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

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
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Figure D-54. Simulation Pole Dynamics Description, Simulation Number 43  

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Dynamics Description

43 40' 10" Base Dual 20'
4-bolt Slip 

Base
11 ga 727 lb

MASH 3-60

Left 1/4

0

Center

0

Pole falls to the driver side of the vehicle and does not make contact with the occupant 

compartment

25
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

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

Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

25
Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

Right 1/4

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

25
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

MASH 3-61

Left 1/4

0

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

25
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

25
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

Right 1/4

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

25
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

MASH 3-62

Left 1/4

0

Center

0

25
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

Right 1/4

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

25
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
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Figure D-55. Simulation Pole Dynamics Description, Simulation Number 45 

 
Figure D-56. Simulation Pole Dynamics Description, Simulation Number 46 

  

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

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 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

25

25

45

Right 1/4

0

Left 1/4

0

11 ga.
4-Bolt Slip 

Base
Single 4'9.5" Base45'

Center

0

MASH 3-61

MASH 3-60

466 lb

Pole Dynamics Description

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

Center 0

MASH 3-62 Center 0

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

25

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

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Dynamics Description

46 45' 9.5" Base Dual 4'
4-Bolt Slip 

Base
11 ga. 557 lb

MASH 3-60 Center

0

MASH 3-61 Center 0

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

25
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

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

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
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Figure D-57. Simulation Pole Dynamics Description, Simulation Number 49-1 

 
Figure D-58. Simulation Pole Dynamics Description, Simulation Number 49-2 

 
Figure D-59. Simulation Pole Dynamics Description, Simulation Number 47 

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

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

Right 1/4

0
Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

25

Pole Dynamics Description

Center

0

Left 1/4

0
Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

49-1 45' 10" Base Single 10'
4-Bolt Slip 

Base

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

25
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

11 ga. 529 lb MASH 3-60

25

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Dynamics Description

49-2 45' 10" Base Dual 10'
4-Bolt Slip 

Base
11 ga. 648 lb MASH 3-60 Center

0
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

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

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Dynamics Description

47 45' 10.5" Base Single 20'
4-Bolt Slip 

Base
10 ga. 676 lb

MASH 3-60 Center

0

MASH 3-61 Center 0

Pole rotates ~60 deg CCW about the z-axis while falling and impacts just above driver side doors, then falls off roof

25
Pole rotates ~60 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

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
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Figure D-60. Simulation Pole Dynamics Description, Simulation Number 48 

  

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Dynamics Description

48 45' 10.5" Base Dual 20'
4-bolt Slip 

Base
10 ga 847 lb

MASH 3-60

Left 1/4

0

Center

0

Pole falls to the driver side of the vehicle and does not make contact with the occupant 

compartment

25
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

25
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

25
Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

Right 1/4

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

25
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

MASH 3-61

Left 1/4

0

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

25
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

25
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

Right 1/4

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

25
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

MASH 3-62

Left 1/4

0

Center

0

25
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

Right 1/4

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

25
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
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Figure D-61. Simulation Pole Dynamics Description, Simulation Number 50 

 
Figure D-62. Simulation Pole Dynamics Description, Simulation Number 51 

Pole Height [ft]
Pole 

Dimensions

Mast 

Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole falls to the passenger side of the vehicle and clips the c-pillar while falling

25
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

25
Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

0

10 ga. 642 lb

MASH 3-60

Left 1/4

Right 1/4

50 50' 10.5" Base Single 8'
4-Bolt Slip 

Base

Center

0

MASH 3-61

0

Pole Dynamics Description

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 

Center 0

MASH 3-62 Center 0

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

25

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

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Dynamics Description

51 50' 10.5" Base Dual 8'
4-Bolt Slip 

Base
10 ga. 749 lb

MASH 3-60 Center

0

MASH 3-61 Center 0

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

25
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.)

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

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
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Figure D-63. Simulation Pole Dynamics Description, Simulation Number 52  

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Dynamics Description

52 50' 10.5" Base Single 25'
4-Bolt Slip 

Base
10 ga. 676 lb

MASH 3-60 Center

0

MASH 3-61 Center 0

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

25
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

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
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Figure D-64. Simulation Pole Dynamics Description, Simulation Number 53 

Pole Height [ft]
Pole 

Dimensions
Mast Arm

Breakaway 

Base Type

Pole 

Thickness

Weight 

[lb]
MASH Desig.

Impact 

Location

Impact 

Angle 

(Degree)

Pole Dynamics Description

53 50' 10.5" Base Dual 15'
4-bolt Slip 

Base
7 ga 986 lb

MASH 3-60

Left 1/4

0

Center

0

Pole falls to the driver side of the vehicle and does not make contact with the occupant 

compartment

25
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

25
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

25
Pole falls to the passenger side of the vehicle and does not make contact with the occupant 

compartment

Right 1/4

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

25
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

MASH 3-61

Left 1/4

0

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

25
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

25
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

Right 1/4

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

25
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

MASH 3-62

Left 1/4

0

Center

0

25
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

Right 1/4

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

25
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
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