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ABSTRACT 

Breakaway support in large signs slipbase system is designed to lessen the impact on a 

vehicle if struck and thereby minimize injury to occupants and damage to vehicles. Several 

research studies are conducted related to breakaway devices but most of them are tested 

on flat level ground. In most of the states in the United States, it is common practice to 

install large signs in ditches along the highway. It is not known how the breakaway system 

will perform under the impact on sloped terrain. For this type of system, the mounting 

height of the post is greater than the system mounted on flat level ground. Certain other 

factors such as the geometry of the slope and encroachment speed and angle also influence 

the trajectory of the vehicle on traversing the slope. 

 In this research, a poll was conducted for the Department of Transportation 

agencies to identify the most common design details of the sign support breakaway 

devices to be considered for further investigation. Engineering and finite element analysis 

were performed to investigate the crashworthiness performance of the considered system. 

The research also investigated the practical and utilized installation conditions for large 

breakaway sign support on sloped terrain and will determine the most critical 

characteristics within the envelope of conditions. A full-scale crash test was conducted on 

the flat-level ground according to Manual for Assessing Safety Hardware Test Level 3 

guidelines. As an extension of the research project, multiple other full-scale crash tests 

will be conducted, and the sign support system will be modified and validated based on 

the computer impact simulation and full-scale crash test results.  
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1. INTRODUCTION

1.1. Problem Statement 

The underlying philosophy of the Manual for Assessing Safety Hardware (MASH) by the 

American Association of State Highway and Transportation Officials (AASHTO) in the 

development of the testing guidelines is that of “worst practical conditions.” Crash testing 

is conducted under idealized conditions so that impact performance can be evaluated and 

compared under controlled situations. While MASH requires testing roadside safety 

hardware on flat level ground conditions, variations in field installation characteristics can 

materially affect the performance of some roadside safety features. This can be of 

particular relevance for breakaway structures (i.e., large and small signs) installed on 

slopes. 

Breakaway support is designed to lessen the impact on a vehicle if struck and 

thereby minimize injury to occupants and damage to vehicles. It is unknown how a 

breakaway mechanism might perform under impacts that happen on sloped terrain rather 

than on the flat level ground. Some of the questions that are left unknown are whether the 

release mechanism of the breakaway structure might be affected by the different 

installation geometry and by the resulting impact vehicle dynamics. Also, it is unknown 

whether the post-impact behavior and trajectory of the test article due to the installation 

on a sloped terrain might result in a potential increase for occupant risk and unacceptable 

vehicle damage. This research project includes: (a) assess crashworthiness of a large 

breakaway sign support per MASH Test Level 3 (TL-3) conditions on flat level ground, 

(b) investigate the most practical and utilized installation conditions for large breakaway



 

2 

 

sign support on sloped terrain, (c) determine the most critical characteristics within this 

envelope of conditions, and (d) assess crashworthiness of the large breakaway sign support 

in combination with sloped installation conditions. 

It is anticipated that a negative slope should be considered within this study. The 

information compiled from this research will provide the Federal Highway Administration 

(FHWA) and state Department of Transportation (DOT) Agencies with a first 

understanding of how a large sign slipbase breakaway support structure reacts to impact 

events when installing on a given slope under MASH TL-3 impact conditions. Outcomes 

from this research and testing study will support implementation guidelines review for 

large slipbase breakaway support structures on roadside slopes. 

1.2. Background and Motivation 

The 2016 MASH edition is the latest in a series of documents that guided testing and 

evaluation of roadside safety features (AASHTO, 2016). The original MASH document 

was published in 2009 and represents a comprehensive update to crash test and evaluation 

procedures to reflect changes in the vehicle fleet, operating conditions, and roadside safety 

knowledge and technology (AASHTO, 2009). The MASH documents supersede the 

National Cooperative Highway Research Program (NCHRP) Report 350, ‟Recommended 

Procedures for the Safety Performance Evaluation of Highway Features” standards (Ross 

et al., 1993). 

The FHWA issued a memo on January 7th, 2016, mandating the AASHTO/FHWA 

Joint Implementation Agreement for MASH with compliance dates for installing MASH 

hardware that differs by hardware category. After December 31st, 2019, all roadside safety 
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devices must have been successfully tested and evaluated according to the 2016 MASH 

standard edition. The FHWA will no longer issue eligibility letters for highway safety 

hardware that has not been successfully crash tested according to the 2016 MASH edition 

evaluation criteria. At a minimum, all barriers on high-speed roadways on the National 

Highway System (NHS) are required to meet TL-3 requirements. 

The structural adequacy for sign support systems consists of three tests for MASH 

TL-3 conditions. It consists of a 2420-lb passenger car (denoted 1100C) impacting the 

barrier at 62 and 19 mph and 0 degrees with respect to the roadway and 5000-lb pickup 

truck (denoted 2270P) impacting a system at 62 mph and 0 degrees with respect to the 

roadway. 

MASH was developed to incorporate significant changes and additions to 

procedures for safety-performance evaluation, and updates reflecting the changing 

character of the highway network and the vehicles using it. For example, MASH increased 

the weight of the pickup truck design test vehicle from 4409 lb to 5000 lb, changed the 

body style from a 0.75-ton, standard cab to a 0.5 ton, 4 doors, and imposed a minimum 

height for the vertical center of gravity of 28 in. The increase in vehicle mass represents 

an increase in impact severity of approximately 13 percent for TL-3 with the pickup truck 

design test vehicle with respect to the impact conditions of NCHRP Report 350. The 

increased impact severity may, therefore, result in increased impact forces and larger 

lateral barrier deflections compared to NCHRP Report 350. 

MASH also adopted more quantitative and stringent evaluation criteria for 

occupant compartment deformation than NCHRP Report 350. An increase in impact 
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severity might result in increased vehicle deformation and could fail in meeting the latest 

MASH evaluation criteria. For example, NCHRP Report 350 established a 6 in. threshold 

for occupant compartment deformation or intrusion. MASH, by comparison, limited the 

extent of roof crush to no more than 4 in. Also, MASH requires that the vehicle windshield 

would not sustain a deformation greater than 3 in. and would not have holes or tears in the 

safety lining as a result of the test impact. Although these evaluation criteria apply to all 

roadside safety devices testing, they are most relevant for sign supports design and testing. 

In addition, little evaluation of sign supports has been performed with larger vehicles such 

as the pickup. Systems that have been demonstrated to be crashworthy for passenger cars 

may not be geometrically compatible with pickup trucks. 

Once a sign support system is installed on a slope, the local mounting height of the 

sign (calculated from ground level at the location of installation) will be greater than that 

for the same system installed on flat level ground. For a general installation of a sign 

support system on a slope at an offset distance “x” from the slope breakpoint, the depth 

“y” of the slope at the particular installation location contributes to an increase in the 

length of the support post and local mounting height of the sign (Figure 1). 
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Figure 1. Effective Pole Height Variation for Sign Support Installation on Slope 

(Reprinted from Silvestri et al., 2013) 

 

 

An additional consideration related to sign installations on slopes is related to the actual 

vehicle bumper impact location on the sign support. When an errant vehicle enters a 

roadside slope, certain factors influence its trajectory. These factors include the geometry 

of the slope, the encroachment speed, and the encroachment angle at which the vehicle 

enters the slope. 

The bumper trajectory and offset distance of the support installation from the slope 

breakpoint determine the height of bumper contact above the local ground elevation. 

Consequently, the effective height of the post above the bumper can vary. 

1.3. Benefits of Research 

The information compiled from this research will provide the FHWA and State DOTs with 

a first understanding of how a large sign slipbase breakaway support structure reacts to 

impact events when installing on a given slope under existing MASH TL-3 impact 

conditions for flat-level ground. Outcomes from this research can be used to develop 

https://www.roadsidepooledfund.org/wp-content/uploads/2019/06/Figure-1-612261.png
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testing guidelines for breakaway devices installed on a slope. A better understanding of 

how they will behave will also help with any potential device or design modifications in 

large sign slipbase breakaway support structures reducing the risk of injury and injury 

severity. 
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2. PREVIOUS WORK AND LITERATURE REVIEW 

2.1. Introduction 

This section presents the overall review of what has been accomplished in the field of 

breakaway devices and especially in the slipbase support systems. The literature review is 

distributed into four different parts. The first part presents the development of crash testing 

criteria used for testing different test articles. The second part consists of a review of 

present MASH guidelines. The third part includes a review of breakaway devices and 

slipbase supports and the fourth part includes a review of the finite element method (FEM) 

used for evaluating roadside hardware.  

The researcher developed a synthesis of relevant information by reviewing the 

research literature and state DOTs and local agency documents regarding large signs 

slipbase support systems. The synthesis consists of a literature review to obtain the best 

available knowledge on different topics. Bearing in mind the objective of the research, 

only articles related to breakaway devices and slipbase support systems were considered.  

2.2. Crash Testing Criteria 

NCHRP Report 153 “Recommended Procedures for Vehicle Crash Testing of Highway 

Appurtenances” (Bronstad & Michie, 1974) was published in 1974. This document 

recommends details of the testing criteria required for evaluating roadside appurtenances 

(yielding or breakaway supports for luminaires and signs) guardrails, terminals and 

transitions, median barriers, longitudinal barriers. Evaluation methods, data collection 

methods, and data reporting formats were also included in this report. The appraisal factors 

considered for the testing are: (a) impact severity (b) structural adequacy, and (c) vehicle 
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trajectory hazard. The data procurement systems and performance evaluation were also 

detailed. These evaluation criteria gained wide acceptance throughout the United States 

following the publication, but it was predictable at the same time that regular updating of 

the report would be needed. 

Published in 1978, Transportation Research Circular 191 “Recommended 

Procedures for Vehicle Crash Testing of Highway Appurtenances” (Transportation 

Research Circular 191, 1978) provided changes to NCHRP 153 report. It includes minor 

changes requiring improved treatment of specific problem areas. These procedures are 

representations of technical input from more than 70 research individuals and agencies. It 

was expected that the "Procedures" will be revised again, expanded and republished by 

1980 by a follow-up NCHRP project. This time, it was expected that the scope will be 

broadened to include testing with buses and trucks also. In 1981 another extensive revision 

and the update was carried out with the publication of the NCHRP Report 230 

“Recommended Procedures for the Safety Performance Evaluation of Highway 

Appurtenances” (Michie, 1981). In 1993, TTI researchers published an NCHRP report 

350 “Recommended Procedures for the Safety Performance Evaluation of Highway 

Features” (Ross et al., 1993) under the NCHRP project 22-7. This report included a 

detailed update to evaluation procedures and crash tests. It incorporated important changes 

and add-ons to the procedure for safety-performance assessment, and other updates 

reflecting the shifting character of the highway system and the different types of vehicles 

using it.  
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Another NCHRP project 22-14 “Improvement of Procedures for the Safety-

Performance Evaluation of Roadside Features” (AASHTO, 2009) was carried out to 

update NCHRP Report 350. This research was conducted to incorporate important 

changes and add-ons to procedures for safety performance assessment, including 

principles for various performance levels, procedures, strategies for testing features not 

addressed earlier and translating the earlier documents to the metric system. In 2016, 

AASHTO again published an updated edition of the MASH (AASHTO, 2016).  Figure 2 

shows the development of crash testing criteria. 

 

 
Figure 2. Development of Crash Testing Criteria 

 

The FHWA again issued a memo in 2016 mandating the FHWA/AASHTO Joint 

Implementation Agreement for MASH compliance dates for installing MASH hardware 

that differs by hardware category. The FHWA will stop issuing eligibility letters for 

highway safety hardware that has not been successfully crash tested according to the 2016 

MASH edition evaluation criteria. 
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2.3. Manual for Assessing Safety Hardware 

The purpose of MASH is to provide guidelines for the actual crash test of both temporary 

and permanent highway structures such as barriers, support structures, crash cushions, 

terminals, etc. It also provides evaluation criteria to evaluate the test results. These 

guidelines and criteria incorporate the latest technology used in the field of roadside safety 

and also includes the expertise and judgment of professionals in this field. The main 

objective of any highway safety feature is to minimize the risk of an accident when a 

vehicle exits the roadway accidentally. The main goal is to redirect the vehicle, readily 

breaking of breakaway devices, allowing controlled penetration in a vehicle without 

causing any injury to vehicle occupants, work zone personnel, and other motorists.  

Ideally, the roadside should be clear of any obstruction so that the driver can 

control the vehicle and return to the travel way. Though, many roadside features can’t be 

removed. For these sites, appropriate safety treatment or feature is needed to minimize the 

risk of a departure from travel way. 

According to MASH any new safety feature or revision to any existing design 

should be evaluated first through full-scale crash testing. Once it meets the required impact 

guidelines then the feature evaluations can be switched to in-service evaluation. 

The test parameters such as impact speed, impact angle, and test vehicle should be 

for most critical or worst conditions. For example, the matrix of impact speed and angle 

represent almost ninety-two percentile of crashes worldwide. It is assumed that if any 

roadside feature is tested for any two extreme situations, then the feature will 

automatically work for all conditions in between. Another fundamental philosophy used 
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for special features such as breakaway sign and luminaire support is the “state-of-the-

possible”. This is done to make the evaluation criteria more stringent than other safety 

features.  

The impact performance of any safety features cannot be measured only by crash 

testing. The safety feature should perform satisfactorily under real-world conditions as 

crash testing is necessary but not sufficient for all scenarios. Firstly, crash testing is 

conducted under ideal conditions. Secondly, there are performance limits in any device 

dictated by vehicle stability, physical laws, and vehicle crashworthiness. 

 The impact conditions (angle and speed of the vehicle) and the type of vehicle 

(from small passenger to large tractor tank trailer) define the test level for any safety 

feature. The longitudinal barrier can be tested up to six test levels while the other devices 

can be tested up to three test levels. The levels 1-3 are limited to passenger car and pickup 

truck whereas levels 4-6 consists of some forms of heavy vehicles also. The features on 

urban streets or local roads consist of tests with low speed and low volume whereas the 

features on freeway consist of tests with high speed and high volume.  

 All support structures such as luminaire, signs, breakaway utility poles, mailbox 

supports, etc. include vertical support which can be an obstacle for vehicles. The 

breakaway mechanism usually used with luminaire and signs includes mechanical fuse 

plates which require a minimum amount of kinetic energy for activation. The MASH 

guidelines include low-speed tests to evaluate these types of systems. To access the 

occupant impact factors such as compartment intrusions, vehicle instability, and excessive 
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deceleration, high-speed tests are conducted. Table 1 illustrates the recommended tests as 

per MASH guidelines for support structures.  

 As per MASH guidelines, a critical impact angle should be determined for all tests 

performed. It should denote the worst-case scenario which is consistent with the manner 

in which the test article is positioned on the roadway. Testing can be conducted between 

0 to 25 degrees, depending on the worst-case scenario. In the case of multiple CIA’s, it 

can be judged based on the highest potential of test failure. 

  For single leg supports the center of the test article should be aligned with the 

quarter-point of the impacting vehicle. In multiple support systems such as dual or triple 

leg sign support systems, the impacting vehicle should engage a maximum number of leg 

supports.  

 As shown in Table 1 three full-scale crash tests are recommended for support 

structures. Two of these tests include high-speed tests with car and pickup truck to identify 

the prospective of support structure intrusion into vehicle. The slow speed test is 

conducted to evaluate the support structure's activation energy. The impact conditions for 

support structures are shown in Figure 3. The different evaluation guidelines are shown in 

Table 2. 
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Table 1. MASH Recommended Test Levels for Support Structures 

Test 

Level 

Test 

No. 
Vehicle 

Impact 

Speed 

(mph) 

Impact 

Angle 

(Degree) 

Acceptable 

KE Range 

kip-ft 

Impact 

Point 

Evaluation 

Criteria 

1 

1-60 1100C 19 CIA ≤34 (c) 
B, D, F, H, I, 

N 

1-61 1100C 31 CIA ≥72 (c) 
B, D, F, H, I, 

N 

1-62 2270P 31 CIA ≥148 (c) 
B, D, F, H, I, 

N 

2 

2-60 1100C 19 CIA ≤34 (c) 
B, D, F, H, I, 

N 

2-61 1100C 44 CIA ≥141 (c) 
B, D, F, H, I, 

N 

2-62 2270P 44 CIA ≥291 (c) 
B, D, F, H, I, 

N 

3 

3-60 1100C 19 CIA ≤34 (c) 
B, D, F, H, I, 

N 

3-61 1100C 62 CIA ≥288 (c) 
B, D, F, H, I, 

N 

3-62 2270P 62 CIA ≥594 (c) 
B, D, F, H, I, 

N 

 

 

 
Figure 3. Impact Angle for Support Structures 
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Table 2. Safety Evaluation Guidelines (MASH, 2016) 

Evaluation 

Criteria Code 

Evaluation 

Factors 
Evaluation Criteria 

B 
Structural 

Adequacy 

The test article should readily activate predictably by 

breaking away, fracturing, or yielding. 

D 

Occupant 

Risk 

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, pedestrian, or 

personnel in the work zone. 

Deformation of, or intrusion into, the occupant 

compartment should not exceed the maximum 

limits. 

F 

The vehicle should remain upright during and after 

the collision. The maximum roll and pitch are not to 

exceed 75 degrees. 

H 

Occupant 

Risk 

Occupant Impact Velocities (OIV) should satisfy the 

following limits: 

 

Occupant Impact Velocity Limits 

Component Preferred Maximum 

Longitudinal 10 ft/s 16 ft/s 
 

I 

The occupant ride down acceleration should satisfy 

the following limits: 

 

Occupant Ridedown Acceleration Limits 

Component Preferred Maximum 

Longitudinal 

and Lateral 
15 G 20.49 G 

 

N 
Vehicle 

Trajectory 

The vehicle trajectory behind the test article is 

acceptable. 
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2.4. Breakaway Devices and Slipbase Supports 

The slipbase mechanism is used to support the small and large signs as well as luminaries 

and other roadside devices. These devices are designed to break away from the base on 

impact. It reduces the severity of occupant injury and impact resistance. The design of any 

roadside device should meet the requirements of the MASH report for crash safety criteria. 

Roadside devices can pose a serious safety threat to vehicles. Devices located on the 

roadside possess as a potential impact point for motorists. Effective and efficient 

breakaway systems are necessary for roadside signs and other devices to aim for the 

highest level of highway safety. 

According to a report on “Break-away Components Produce Safer Roadside 

Signs” by Olson et al. (1967), in any highway design, roadside devices are employed in 

heavy numbers due to increased length of the state and interstate highways. According to 

the researchers, in 1962 there were 15 fatalities in Texas due to roadside sign accidents 

and this number increased to 39 by 1965. To study the impact behavior and reduce the 

number of accidents due to roadside devices, the Texas Department of Transportation 

(TxDOT) and TTI, in cooperation with the U.S. Bureau of Public Roads became actively 

involved. A large length of roads was under construction in Texas, there was an urgent 

requirement of the better design of roadside devices. Many designs were proposed by 

engineers of the TxDOT which were incorporated in experiments conducted. New 

procedures were developed to conduct control of vehicles with roadside devices. 

Mathematical simulations were also developed to correlate the dynamic behavior with the 

actual crash test results. 
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The research primarily involved the development of sign systems for large 

roadside signs. The spacing between posts in large signs was such that it involves any one 

of the supports during the collision of the test article with a vehicle. The three major 

characteristics of the sign support contributing to the severity of the collision are a.) Type 

of base connection, b.) Structural stiffness or rigidity and c.) The severity of a collision. 

Initially, special attention was given to brace leg structure as shown in Figure 4. A total of 

three tests were conducted, two of them included a fractured joint also known as a safety 

feature. The unbraced support system which will flip and break off under the impact was 

selected for the study. Breakaway base connection gave satisfactory results but further 

modifications were provided in the fractured joint to allow the colliding vehicle to pass 

under the post. After many modifications, the “hinge joint” (Figure 5) worked. In “hinge 

joint”, the front flange and the web of the post were cut leaving the back flange intact. In 

the tests conducted it was seen that the minor damage was incurred by the vehicle during 

the impact. The selection of the angle for this research was based on the previous study by 

Stonex (1960) which indicated that more than 95 percent of vehicles exit the roadway at 

a 15-degree angle. “Reverse tow” procedure was selected to accelerate the vehicle into the 

test article for this experiment. In this procedure, the impact vehicle and the tow vehicle 

move in the opposite direction. A vehicle release mechanism was used to separate the 

cable between the impact vehicle and the tow vehicle before the impact. 
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Figure 4. Braced-leg Sign Support Structure (Reprinted from Olson et al., 1967) 

 

 
Figure 5. Hinge Joint of the Sign Support System (Reprinted from Olson et al., 

1967) 
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Sometimes small signs are used with small post spacing. In small signs, the vehicle 

can collide with multiple legs of the sign. These signs are employed where the possibility 

of collision is very high like in the gore of exit ramp. In the first test conducted, mechanical 

failure occurred due to which the vehicle struck the left leg of the sign near the center of 

the hood. In the second test conducted, the sign supports failed at the base plate. Figure 6 

shows the base plate failure. Later, same safety features such as slip base system were 

employed in small sign systems which were already used in large sign systems. According 

to the tests conducted, at 50 mph the horizontal base plates hit the trunk of the vehicle, 

and at 20 mph, sign hit the top of the vehicle. Figure 7 shows the impact behavior of sign 

at 50 mph and 20 mph. changing the angle of impact also did not make much difference. 

 

 

 
Figure 6. Base Plate Failure Due to Welding (Reprinted from Olson et al., 1967) 
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Figure 7. Impact Behavior of the Sign Support System (Reprinted from Olson et 

al., 1967) 

 

Similar tests were also conducted with pipe supports for regulatory, warning, and 

small guide signs. A breakaway system was used for the pipe supports which was used in 

two-leg supports. At 45 mph the pipe support system worked properly, and only minor 

damage was occurred in the vehicle due to impact. However, the fractured joint did not 

work properly due to which secondary damage occurred. To avoid the secondary damage 

the system was rotated by 20 degrees. After modification, there were only minor damages 

that occurred to the front of the vehicle. It was seen that in large signs, that dual-pipe 

supports performed satisfactorily wherever needed. 

Pennsylvania State used wood posts with notches as signposts to reduce the 

potential hazard (Wood Break-Away Posts Provide Additional Safety for Motorists, 

1965). The accidents report shown satisfactory impact behavior. But the report did not say 

anything about phenomenological behavior. TTI conducted a controlled experiment on 

the Pennsylvania design and the design created by TTI. In design modified by TTI, a 2 in. 

oblong hole was created below the bumper level to reduce the shear capacity at the base. 
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During the impact test of Pennsylvania design, the top of the vehicle was struck by the 

slipped post deforming the top approximately. 2 to 5 in. However, in TTI design both the 

posts were thrown clear of the vehicle, rotating over its top. Figure 8 shows the 

Pennsylvania design and the design modified by TTI and Figure 9 shows the behavior of 

both the designs after impact. 

Figure 8. Impact Behavior of Pennsylvania and TTI Design (Reprinted from Olson 

et al., 1967) 

Figure 9. After the Impact Behavior of Pennsylvania and TTI design 

(Reprinted from Olson et al., 1967) 
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According to a report by the Michigan Department of Transportation (MDOT) 

(Steve & Till, 2006), during a storm on November 14, 2004, a breakaway light falls onto 

the highway striking a vehicle. The state police observed the incident and reported that 

light post failed due to high wind conditions. In a meeting held at MDOT, it was decided 

that all statewide breakaway lights will be inspected immediately. From the reports, it was 

confirmed that approximately 61 percent of breakaway light standards were in good 

condition. 36 percent of the light standard requires corrective action and the remaining 3 

percent require removal action. It was observed that the possible cause of the failure can 

be a.) Movement in anchor bolts due to flexible bolt sizes on the steel screw-in foundation, 

b.) Not using the anchor clips in the breakaway transformer base c.) Improper installation 

of a non-improved breakaway transformer base. After a proper inspection, it was assured 

by MDOT that in future a proper margin of safety will be taken for calculating wind loads 

and proper measures will be taken for installation. 

In 2011, researchers at TTI conducted a study on “Development Guidance for Sign 

Design Standards” (Silvestri et al., 2011). According to researchers the design practice 

used by TxDOT for small and large mounting details was established decades back. Due 

to changes in materials, production methods, and installation methods these details may 

not be appropriate. Through several research studies earlier, TxDOT brought all sign 

mounting detail standards into compliance with NCHRP-350. Under NCHRP project 22-

14, a new document entitled “MASH” was published by AASHTO. This document 

superseded NCHRP report-350 with new guidelines such as updated test matrices, updated 

impact conditions, and updated design of test vehicles. For breakaway systems, MASH 
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recommended three tests, one at low speed with 2420-lb passenger car and two tests at 

high speed with a 2420-lb passenger car and 5000-lb pickup truck. A detailed description 

of the tests is shown in Table 3. The evaluation criteria in MASH were more stringent than 

NCHRP-350. Some of the relevant evaluation criteria related to breakaway sign supports 

are 1.) Roof deformation should be less than 3.9 in. 2.) Windshield deformation should be 

less than 3 in. 3.) There should be no tears or holes in the windshield. Assessment of 

existing breakaway sign systems was performed and based on the comprehensive review 

it was determined whether there is a need to update or set new policies and standards 

related to existing breakaway sign systems. This research included multiple tasks such as 

comparison of wind loads, review of current standards for large guide signs, optimization 

of fuse plate, analysis of u-brackets, etc. 

 

 

Table 3. MASH Test Description for Sign Support System (Reprinted from 

Silvestri et al., 2011) 

Test Vehicle Speed Angle 

MASH Test 3-60 1100C (2425 lb/1100 Kg) 19 mph 

Judged 

according to the 

conditions. 

MASH Test 3-61 1100C (2425 lb/1100 Kg) 62 mph 

MASH Test 3-62 2270P (5000 lb/2270 Kg) 62 mph 
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Figure 10. Minimum Fuse Plate Capacity (Reprinted from Silvestri et al., 2011) 

Researchers performed an in-depth study to optimize the fuse plate capacities for 

large guide signs. The team recommended that the design of fuse may be optimized further 

to allow more effective use of standard support sections. To facilitate the recommendation, 

the fuse plate capacity for wind loading was plotted (Figure 10) for the mounting height 

of 7 ft. for different post sections. The system will be designated as inefficient if the fuse 

plate will control the maximum sign area instead of the post section. To overcome this 

issue, maximum fuse plate capacity was calculated based on the graph and according to 

that, the most optimum fuse plate was selected. The testing procedure performed was 

confirmed with the testing procedure according to MASH. A different test installation was 
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selected for fabrication and testing. The small cars were more critical than pickup if the 

fuse plates fail as it was designed. Two impact conditions were selected for crash testing. 

The first system (Figure 11) provided high stiffness to a 10-ft wide panel and the second 

system (Figure 12) was selected to provide the weak system so that the fuse plate can fail 

before the post starts to yield or buckle. 

 

 

 
Figure 11. TxDOT W6x9 – 4-ft x 10ft Large Sign Support System (Reprinted from 

Silvestri et al., 2011) 
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Figure 12. TxDOT W8x18 – 16-ft x 10-ft Large Sign Support System (Reprinted 

from Silvestri et al., 2011) 

 

 

The crash test performed was evaluated based on three major factors: occupant 

risk, structural adequacy, and post-impact vehicle trajectory. The slipbase and the upper 

hinge of both the test articles were readily activated when impacted by the small car at 

high speed. Occupant risk factors and other conditions were within limits specified by 

MASH. The detailed matrix of the test results is shown in Table 4 and  
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Table 5. It was seen that in both the test articles meet all assessment criteria defined 

in MASH and therefore considered crashworthy. TxDOT determined that there will be 

problems associated with transiting to new optimized fuse plates from the existing hinge 

plates used. Therefore, TxDOT updated the wind load charts with the setup already in use 

rather than using the optimized fused plate configuration. 

Table 4. Detailed Test Assessment of TxDOT W6x9 – 4-ft x 10ft Large Sign 

Support System. (Reprinted from Silvestri et al., 2011) 
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Table 5. Detailed Test Assessment of TxDOT W8x18 16-ft x 10ft Large Sign 

Support System (Reprinted from Silvestri et al., 2011) 

 

 

 

Temporary large sign systems with embedded steel and wood post configuration 

were designed by researchers at TTI in the study “Temporary Large Guide Signs” (Bligh 

et al., 2013) for TxDOT. The designed systems were crash-tested per MASH guidelines. 

The impact performance, foundation requirement, and wind loads were considered in the 
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design process. It was seen that conventional concrete foundations are time-consuming 

and costly to install. Different types of large signs were used along highway roadside in 

Texas including logo sign, destination signs, advance exit signs, etc. The standard work 

zone sign “Give us a break” has an area of 128 square feet. According to TxDOT 

personnel, work zone signs are the best sign configuration for the study because they are 

relocated most during the construction.  

Based on the review of earlier research, researchers found that two 6 in. x 8 in. 

posts with 4 in. weakening holes and three 4 in. x 6 in. posts with 2 in. weakening holes 

have more potential for meeting MASH requirements. Detailed analysis as shown in Table 

6 was performed to find the reasonable support configuration for specific wind speed.  

 

Table 6. Sign Support Requirement Analysis (Reprinted from Bligh et al., 2013) 

Wind 

Velocity 

Sign Mounting 

Height 

Post 

Size 

Max Hole 

Size 

Number 

of Posts 

Minimum 

Post Spacing 

Number of 

Posts Impacted 

(mph) (feet) (in) (in)  (feet)  

90 

10 
4x6 2.39 5 3.2 2,3 

6x8 5.26 3 5.33 2 

7 
4x6 2.58 4 4 2 

6x8 4.31 2 8 1 

100 

10 
4x6 1.98 6 2.67 3 

6x8 3.91 3 5.33 2 

7 
4x6 2.7 5 3.2 2,3 

6x8 5.39 3 5.33 2 

 

According to researchers, it was necessary to weaken the signposts just below the 

sign panel to allow the release of a single post in multiple support systems during impact. 

To weaken the post, researchers selected the option to provide holes of 3.625 in. along the 
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weak axis approximately 4 in. below the sign panel. The test was performed with an 8 ft. 

tall and 16 ft. wide sign panel supported by 6 in. x 8 in. yellow pine wood supports. The 

detailed description of the setup is shown in Figure 13. MASH test 3-60 was performed 

with an impact speed of 19 mph and an impact angle of 0 degrees. It was seen that after 

the impact, the left support was fractured at the hole near the ground level, the middle leg 

was fractured at the hole near the ground level and near the hole just below sign panel. 

The right leg was intact, and the sign panel was detached from the right leg and before 

coming to the rest it contacted the roof of the vehicle.  

Figure 14 shows the damage to the signpost system. The maximum passenger 

compartment deformation was 3.5 in., which was less than maximum allowable 

deformation according to MASH. The associated occupant risk factors observed from the 

accelerometer were also below the limits. 
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Figure 13. Direct Embedded Wood Support Temporary Guide Sign System 

(Reprinted from Bligh et al., 2013) 

 

 
Figure 14. Wood Post Sign Support System After the Test (Reprinted from Bligh et 

al., 2013) 

 

The same test article was also impacted by a passenger car at 62 mph and a 0-

degree impact angle. It was seen that the windshield of the vehicle was penetrated with 
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the fractured section of the post. Figure 15 illustrates the damage sustained by the impact 

vehicle. The test article fails the evaluation according to MASH criteria. Modified versions 

were developed by TTI researchers to overcome this problem. The modified test article 

consisted of two tests: a high-speed small car test and a high-speed pickup test. Both the 

tests passed the MASH evaluation criteria. 

 
Figure 15. Vehicle After the Test at High Speed (Reprinted from Bligh et al., 2013) 

 

 For steel embedded design, 8 ft. x 16 ft. aluminum sign panel supported by two 

W6X9 posts at a 7 ft. mounting height was tested. The foundation of the system was like 

the size of support and was embedded at 3.5 ft. below ground. The detailed test article is 

shown in Figure 16. The car was traveling at the speed of 19 mph and the right support 

was impacted at 0 degrees. It was seen that the lower connection in the right support was 

slipped away and the upper connection was still hinged. In the left support, the lower 
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connection was intact, but the support twisted by 80 degrees. As the vehicle traveled, the 

slip base of the system caught on the hood and the support galloped the front of the vehicle. 

However, there were no tears or holes in the windshield and the deformation was less than 

the maximum limits defined by MASH. As summarized in Table 7, direct embedded 

modified wood supports, and the direct embedded steel supports met all applicable MASH 

criteria. 

 

 
Figure 16. Direct Embedded Steel Support System (Reprinted from Bligh et al., 

2013) 

 

Table 7. Summary of Modified Wood and Steel Support System (Reprinted from 

Bligh et al., 2013) 

System Test Type Evaluation Criteria Assessment 

Direct Embedded 

Wood Support 

MASH Test 3-60 Structural Adequacy Pass 

Occupant Risk Pass 

Vehicle Trajectory Pass 

MASH Test 3-61 Structural Adequacy Pass 

Occupant Risk Fail 

Vehicle Trajectory Pass 

MASH Test 3-61 Structural Adequacy Pass 
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Modified Direct 

Embedded Wood 

Support 

Occupant Risk Pass 

Vehicle Trajectory Pass 

MASH Test 3-62 Structural Adequacy Pass 

Occupant Risk Pass 

Vehicle Trajectory Pass 

Direct Embedded  

Steel Support 

MASH Test 3-60 Structural Adequacy Pass 

Occupant Risk Pass 

Vehicle Trajectory Pass 

In 2013, researchers at TTI performed a study “MASH Full-Scale Crash Testing 

of 4-ft Mounting Height, 24"×30" Chevron Sign Installed on 5.5 H: 1 V Slope Ditch” 

(Silvestri et al., 2013) on the installation of Chevron signs in roadside ditches. Commonly 

in the state of Texas, chevron signs are installed in roadside ditches. For this type of 

installation, the required height of the signs is measured from the pavement surface. The 

mounting height of the sign installed in ditches is greater than the sign installed on the flat 

level ground.  As shown in Figure 17, the depth “y” of the ditch leads to an increase in the 

mounting height of the sign panel and the height of the support post. The vehicle trajectory 

is also influenced by certain factors like encroachment speed and the angle at which the 

vehicle arrives the ditch and the geometry of the ditch. The Bumper Impact (BI) location 

on the sign pole depends on the above factors and the offset distance “x”. 
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Figure 17. Effective Height Variation in Ditches (Reprinted from Silvestri et al., 

2013) 

For determining bumper trajectories, researchers performed trajectory analysis 

using CarSim by Mechanical Simulation (Mechanical Simulation Corporation, 1996) for 

6H: 1V slope at different speeds (40 mph and 60 mph) and angles (5-degrees, 10-degrees, 

25-degrees). Lateral offsets of signpost were between 2 ft. and 8 ft. based on the Texas 

standards. The vehicle entering the trajectory at 62 mph with an angle of 10 degrees was 

selected as a worst-case scenario based on the performed analysis in CarSim. For the full-

scale crash test, the 5.5H: 1V slope ditch was used as it was more conservative and there 

are more chances that Chevron may impact the windshield of the vehicle. The research 

team concluded that high-speed small car is more critical than low speed for further 

evaluation. According to the researcher, high speed will result in more deformation of the 

support compared to the low-speed test. The need for the MASH Test 3-62 with a pickup 

truck was based on the results of MASH Test 3-61. It was seen that the sign support was 
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not pulled out from the socket and the sign support deformed at ground level and bumper 

impact location and subsequently fractured near to bumper height.  

 
Figure 18. Vehicle and Test Article for Slope Test (Reprinted from Silvestri et al., 

2013) 

 

Figure 18 shows the test article and Figure 19 shows the damage sustained by the 

vehicle during the impact test. There was no deformation in the windshield and the 

occupant compartment. Only hood, front bumper, and headlight got damaged. The 

chevron sign performed according to MASH criteria (Table 8). 
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Figure 19. Vehicle After the MASH 3-61 Test (Reprinted from Silvestri et al., 2013) 
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Table 8. Evaluation Summary of the MASH 3-61 Test (Reprinted from Silvestri et 

al., 2003) 

 
 

 

 

2.5. Finite Element Modelling 

According to the Transport Research Board (TRB), more than 1 million roadside crashes 

occur every year in the United States. This problem can be addressed through the 

development of better roadside safety features. The design of roadside safety devices 

includes many challenges and requires a detailed investigation of the interaction that 

occurs in roadside crashes. Crash testing of all roadside systems using vehicles is a very 

expensive undertaking. The matrix of tests to be conducted sums up to a large number due 

to the different versions of the vehicles for which safety compliance needs to be checked, 

the varied variety of devices to be tested, and the different impact conditions that need to 

be evaluated. Therefore, according to Escandarian et al. (1997) developments in the design 
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of the roadside device's features are only incremental due to the lack of performance 

measures and comprehensive test data. 

According to Ray, 1997 it is not feasible to conduct a full-scale crash test for each 

impact scenario. Any researcher tests roadside safety devices until the successful design 

is produced or funding for the research runs out. Analysis before the crash test can help to 

identify and rectify the major problems before the actual test. Several problems increase 

the use of analytical methods in roadside safety research. It is not possible to test the article 

with a full range of vehicle segments. Also, it is impractical to examine the effects due to 

different test conditions such as driver braking, side impacts, pre-impact trajectories, etc. 

The author suggests that the Finite Element Analysis (FEA) can be integrated into 

a roadside safety assessment in three stages. The first step is to simulate a crash event that 

has been already tested. This will help to calibrate the FEA model with the system/testing 

conditions. The second step is to replicate an FE model of the proposed test article to 

predict the outcome before the actual crash test is conducted. This can be used to identify 

the most critical scenario. The ultimate and last stage is to use FEA to understand the 

performance of the new devices. The complete development of roadside safety hardware 

is shown in Figure 20. It will help researchers to examine crashes that are difficult or 

expensive to test in real-world conditions. As stated by the author, FEM is being used to 

solve non-linear dynamics problems since the 1990s. Since the 2000s it has been evolved 

rapidly as an influential method for executing realistic analysis of dynamically loaded 

structures. 
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Figure 20. Roadside Safety Hardware Development Cycle (Reprinted from Ray, 

1997). 

 

 The development of powerful software DYNA3D was started at Lawrence 

Livemore National Laboratory in the 1970s (Halquist J. O., 1976). The two important 

agencies National Highway Traffic Safety Administration (NHTSA) and FHWA actively 

promoted the use of the finite element method for the evaluation and design process of 

roadside devices (Halquist J., 1995). Generally, any crashworthiness model is created 

using different connection types, contact algorithms, FE meshes, and various material 

models. There is a wide range of material models in these programs, it is necessary to 

develop the exact parameters needed for specific materials used in different roadside 

devices. Different material properties were recommended by Wright & Ray, (1996) for 

steel and Plaxico et al., (1998) for soil and wood. In most of the researches, FE models are 

constructed by designing a roadside safety device and using the vehicle's model from the 



 

40 

 

public domain which is developed elsewhere. It helps the researchers in focusing on 

designing roadside devices rather than difficult geometry vehicles. 

 FHWA started a series of research projects in 1994 to promote the development of 

the FEM for the modeling and analysis of various roadside safety devices (Reid, 2004). 

LS-Dyna was the first choice for most of the Center of Excellence’s (COEs). FHWA 

funded various projects for this research. Dual-leg breakaway sign system was the first 

system funded by FHWA in which the leg of sign releases from its slip base and pivot on 

impact. The most difficult part of this system was to make the base connection “weak” for 

impact conditions and to make it “strong” for external weather conditions. Various studies 

conducted in this field depict how the FEM can be used to solve major design problems. 

 Paulsen & Reid (1996) used the FEM to design dual support breakaway sign 

systems. According to them, mathematical modeling can be used to develop roadside 

devices in a timely and cost-effective manner. For their research, the finite element model 

of the breakaway, sign systems were modeled in LS-DYNA3D, a non-linear finite element 

program. Different small components were modeled first and were compared with actual 

physical tests conducted in the past. The complete system model was validated with two 

actual crash tests. Finally, the finite element model was used to study various 

modifications and configurations of dual support breakaway sign system. 

In another study “Design and Simulation of Large Breakaway Signs” by Reid and 

Paulsen (1996) breakaway supports are the most common devices used for supporting 

signs along the roadway. The safety performance of these devices was evaluated using 

non-linear FEM software.  To develop confidence in the FEM, it was critical to develop a 
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good baseline model and to validate the same with different physical tests. For multi-

support systems, this test was done with dimensions 96 in. x 120 in. panel fixed to the 

supports 92 in. above the ground. Results from the actual crash test and finite element 

analysis are shown in Table 9. The impact sequence of low-speed simulation is shown in 

Figure 21. Prior research (Reid, 1996) has shown that the fuse plates on large sign systems 

cannot sustain service wind loads. To overcome the same, multiple designs with varied 

thicknesses of fuse and hinge plates were evaluated. Sign systems were evaluated using 

the FEM for safety performance. For the research, Multi-Hazard Threat Database 

(MHTD) plans were used as close as possible. In the designed finite element models, the 

bolts were modeled using springs (Paulsen and Reid, 1996). Both the design alternatives 

were meeting the NCHRP 350 criteria. The researchers recommended that models can be 

re-evaluated with an improved version of the slip base model for larger wind load 

capacities. 
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Table 9. Comparison of Actual Crash Test and Simulation Results (Reprinted from 

Reid and Paulsen, 1996) 

Criteria 
Low-Speed Tests High-Speed Tests 

Test Simulation Test Simulation 

Impact Speed 36 km/h 36 km/h 92 km/h 92 km/h 

Impact Angle 25 degree 25 degree 27 degree 27 degree 

Vehicle Static Crush 30 mm 50 mm 76 mm 80 mm 

Slip base activation time 14 ms 14 ms 6 ms 6.5 ms 

Gap develops in web of post 20 ms 19 ms 4 ms 4.5 ms 

Fuse Plate Failure 240 ms 250 ms 10 ms 11 ms 

Ridedown Acceleration N/A N/A N/A N/A 

Occupant Impact Velocity 1.1 m/s 1.2 m/s 0.9 m/s 1.0 m/s 

 

 

 

 

 
Figure 21. Impact Sequence of Slow Speed Simulation (Reprinted from Reid and 

Paulsen, 1996). 
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In the United States, safety along the highways has been improved greatly in the 

last few decades (Sicking & Mak, 2001). The continued drop in the fatality rate clearly 

shows the improvement in roadside safety. Improved vehicle designs, better occupant 

restraints, and improved roadside safety design were the major reasons for the drop in the 

fatality rate. There are multiple problems such as installation details, non-tracking impacts, 

roadside geometry, future vehicle trends, etc. which need be tackled for improving 

roadside safety to the maximum extent. The different matrix of roadside geometry which 

can be evaluated through an actual full-scale crash test is very difficult by construction at 

existing testing facilities. The full-scale crash tests associate high cost which is the biggest 

barrier in solving these problems. The use of nonlinear FE programs such as LS-DYNA 

is the only useful alternative to full-scale crash testing for the safety performance 

assessment of roadside safety devices. Any element modeled in any of the FE programs 

should be carefully calibrated with any past detailed component test to ensure that overall 

modeling is rationally correct. To achieve better results, significant efforts should be 

devoted for developing better links between occupant risks and vehicle kinematics. The 

comprehensive effort focused to achieve these goals will further reduce the fatality rate 

associated with roadside safety. 

 The Breakaway system commonly uses a slip base mechanism for roadside safety. 

The breakaway system of the base reduces the crash resistance, and the passenger injury 

when vehicles accidentally leave the roadway and hit roadside safety devices. Hiser and 

Reid in 2005 explained improved methods of modeling slip base systems using FE 

programs. Two different methods for designing bolts in slip base system were discussed. 
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One of the methods used bolt shaft elements and the other method used discrete spring 

element. Both methods produce similar results when impacted in simple shear conditions. 

Figure 22 shows the results of the weak axis impact. In the impact for stronger axis, bolt 

overloading and failure were observed in the model designed with shaft element and 

flange and post deformation was observed in the model designed with spring elements. 

Figure 23 shows the incapability of the rigid bolts to fail or deform. Thus, the Stress Based 

Clamping (SBC) technique modeled with shaft elements shown distinct advantages over 

the Discrete Based Clamping (DBC) technique modeled with spring elements. In 

conclusion, it was observed that the SBC technique has better abilities to capture slip base 

behavior in severe loading conditions. 

 

 

 
Figure 22. Weak Axis Impact Results (Reprinted from Hiser & Reid, 2005). 
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Figure 23. Stronger Axis Bumper Impact (Reprinted from Hiser & Reid, 2005). 

 

TTI conducted a study for developing guidance for minimum sign area for slip 

base supports for the TxDOT project “Development Guidance for Sign Design Standard” 

(Silvestri et al., 2011). It was seen that the triangular slip base was the most commonly 

used sign breakaway system in Texas. It is a moment carrying splice connection 

connecting opposing fixtures with bolts. In normal conditions, this breakaway system 

should rotate over the vehicle. It was earlier seen that in some tests that this system rotates 
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too quickly, impacting the roof of the impacted vehicle. To further predict the contact 

between impact vehicle and the support vehicle predictions, computer simulations were 

performed in LS-DYNA. Previously conducted studies at TTI was used to calibrate the 

behavior of the developed finite element model.  

 

 

Figure 24. Finite Element Model of the Slipbase System (Reprinted from Silvestri et 

al., 2011). 

 

In the second phase of the study, different FE simulation was performed to 

replicate the impact of the vehicle on sign support connected to the slip base system. As 

shown in Figure 24 the top casting of the system was modeled using solid elements with 

rigid material properties. The bolts used in the slip base system was also modeled 

explicitly using spring elements. The report shows the correlation achieved between the 

actual crash test and the validation model. The FE simulation predicted roof deformation 

of 8 in. whereas the actual deformation was 5.1 in. A similar simulation was conducted to 
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validate the results of a pickup with existing full-scale crash tests performed under TxDOT 

projects (No. 455266 and 405872). In this simulation, FE predicted deformation in the 

roof of 6.3 in. whereas the actual deformation was 6.5 in. A detailed comparison between 

finite element and actual crash tests is shown in Figure 25. It was seen that the FEM was 

able to predict the location of the sign after the release of the slipbase up to a good extent. 

The main reasons for over or underprediction of the roof deformation can be due to the 

vehicles. Because the vehicles used in the FE was not exactly similar to the actual crash 

test ones. There can be also some minor differences in the measurements of the test articles 

used in the finite element and the actual crash test. After all these considerations, 

researchers decided to use the FEM for further simulations, keeping in mind that the model 

over predicts certain values. 
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Figure 25. Comparison Between Actual and Finite Element Models (Reprinted 

from Silvestri et al., 2011). 
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3. SELECTION OF SIGNPOST SYSTEM 

3.1. Introduction 

This study developed a survey that was completed by TTI Pooledfund agency offices with 

knowledge of current large sign breakaway systems inventory and the agency's 

management approach and practices. From a large pool of Roadside Safety Pooled Fund 

agencies office personnel, 18 participants completed the survey. The key findings of the 

survey are highlighted in this section. Based on the survey, the most used and critical large 

sign support system was selected for further research. 

3.2. Survey 

The survey contained multiple questions related to large sign breakaway systems, such as 

whether the agency office wants to maintain the submitted standards as MASH compliant 

system or earlier under which criteria the developed system was evaluated. Table 10 lists the 

questions developed for this survey. Some of the questions have relevant questions tagged 

with the original questions. For example, questions 3, 4, 5, and 6 have relevant questions that 

are tagged with the original questions. Most of the questions, as listed in the table, required 

multiple or single choice inputs. Other questions require written inputs from the survey 

participants. 

Table 10. List of Survey Questions 

Survey Questions 

Question 1: Please provide contact information. 

1. Name 

2. Professional Title 

3. DOT Office 

4. Email Address 

5. Phone Number 
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Table 10. Continued 

Question 2: Please provide standard plans/documents used by your DOT for the design 

of large sign support. 

1. Links 

2. Attachments 

 

Question 3: Are you planning to maintain the submitted standards as MASH compliant 

system(s)? 

1. Yes 

2. No 

3. Other (Please Explain) 

 

Question 4: Please indicate under which criteria were the large sign support evaluated. 

1. MASH 

2. NCHRP Report 350 

3. Other (Please Specify) 

 

Question 5: Please indicate how the large sign support was evaluated. 

1. Full-Scale Crash Tests 

2. Component Testing (Pendulum, Surrogate Vehicles, etc.) 

3. Engineering Analysis 

4. Numerical Computer Simulations 

5. Other (Please Specify) 

6. None 

 

Question 6: Please indicate at what test level is the submitted standard implemented. 

1. Box for response 

 

Question 7: Please indicate the anticipated usual offset of supports from the edge of the 

travel way. 

1. Box for response 



 

51 

 

Table 10. Continued 

Question 8: Within the clear zone, what approximate percentage of signs are installed 

on negative and positive slopes. 

1. Negative 

2. Positive 

3. None 

 

Question 9: If sign support is mounted in a ditch, please indicate the type of ditch. 

1. Shallow “V” 

 

 
 

2. Deep “V” 

 

 
 

3. Trapezoidal 
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Table 10. Continued 

Question 10: Please indicate whether sign supports are also installed in medians.  If so, 

please indicate the common median slope and offset of installation from the travel way. 

1. Box for Response 

Question 11: Please share any other relevant information, including studies, test reports, 

drawings, articles, standards, protocols, etc. 

1. Box for Response 

 

Question 2 was asked to provide standard plans/documents used by the agency for 

the design of large sign support. Respondents with a response to this question either 

uploaded a document or shared the link of the standard plans/documents. Table 42 in 

Appendix A lists the individual responses from different agencies for question 2. To keep 

the document concise the standard plans provided by the participating states are not 

included. 

Question 3 was whether the agencies want to maintain the submitted standard as 

MASH compliant system(s) or not. Most of the respondents for this question said 

“yes”, that they want to maintain the existing standard as MASH compliant. Some 

of the respondents selected “no” and “others”. Figure 26 illustrates the percentage 

distribution of the response selected.  

Table 43 in Appendix A lists individual responses from agency offices for question 

3. 
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Figure 26. Response for Question 3 

 

Question 4 was asked to know under which criteria the large sign support was 

evaluated. Most of the respondents selected NCHRP Report 350. Some of the respondents 

also selected MASH and “other”. Respondents who selected “other” criteria also provided 

comments. Figure 27 illustrates the percentage distribution of each response selected.   

Table 44 in Appendix A lists individual responses from agency offices for question 

4. 

54%

15%

31%

Yes

No

Other
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Figure 27. Response for Question 4 

 

1. Regarding the testing criteria for evaluating large sign supports, the 

respondents were diversified in terms of the criteria. Most of the respondents selected 

“full-scale crash test” and “pendulum testing” as testing criteria. Some of the 

respondents also selected “others” and provided comments. Figure 28 illustrates the 

number of responses for each testing criteria.  

Table 45 in Appendix A lists individual responses from agency offices for question 

5. 

11%

61%

28%

MASH

NCHRP Report 350

Other
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Figure 28. Response for Question 5 

 

2. Question 6 was asked to know under what test level the submitted standard 

was evaluated. The respondents were diversified in terms of testing criteria. Figure 29 

shows the different test levels used by agencies to evaluate the test article. It was found 

that around 75 percent of agencies use Test Level 3 and the other 25 percent use 

NCHRP 350 and AASHTO pendulum testing criteria.  

Table 45 in Appendix A lists individual responses received from different 

agencies.  
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Figure 29. Response for Question 6 

 

3. Question 7 asks for the usual offset distance of sign supports from the edge 

of the travel way. It was found that most of the agencies use 12 ft. offset distance from 

the edge of travel way. Figure 30 and Figure 31 illustrates the number of responses for 

minimum and maximum offset distance used by different agencies.  

Table 47 in Appendix A lists individual responses received from different 

agencies. 

72%

17%

11%

Test Level - 3

NCHRP 350

AASHTO Pendulum

Testing



 

57 

 

 
Figure 30. Response for Question 7 (Minimum Offset Distance) 

 

 

 
Figure 31. Response for Question 7 (Maximum Offset Distance) 
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Question 8 asks for the approximate percentage of sign supports installed on a 

negative or positive slope. 82 percent of respondents said that they install sign supports on 

the negative slope and 12 percent said that they install on the positive slope. Figure 32 

illustrates the percentage distribution of each response selected by the agency. Table 48 in 

Appendix A lists individual responses for question 8 received from different agencies. 

 

 
Figure 32. Response for Question 8 

 

 

4. Question 9 asks about the type of ditch in which sign supports are mounted. 

Most of the respondents selected the “Shallow V” ditch. 21 percent of respondents 

selected the “trapezoidal” ditch and the remaining 11 percent of respondents selected 

the “Deep V” ditch. Figure 33 illustrates the percentage distribution of each response 

selected by the agency.  
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Table 49 in Appendix A lists individual responses for question 9 received from 

different agencies. 

 
Figure 33. Response for Question 9 

 

Question 10 confirms whether agencies also install sign supports in medians. They 

were also asked about the common median slope and offset of installation from the edge 

of the travel way. Figure 34 illustrates the number of responses for different offset 

distances used by agencies and Figure 35 illustrates the number of responses for different 

slopes. Table 50 in Appendix A lists individual responses received from different 

agencies. 
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Figure 34. Response for Question 10 (Offset Distance) 

 

 

 
Figure 35. Response for Question 10 (Slope) 
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Question 11 was asked to provide additional information such as past studies, test 

reports, drawings, articles, standards, etc. relevant to sign support system. Respondents 

either uploaded a document or shared the link of the additional information. Table 51 in 

Appendix Alists the individual responses from different agencies for question 11. 

5. In the follow-up email to state agencies, a question was asked to provide 

the most used W-section post size used by the state. It was found that W6X12 is the 

most used W-section size used by various agencies. The next most used W shape 

sections were W8X18 and W6X15. Figure 36 illustrates the number of responses for 

each testing criteria.  

Table 52 in Appendix A lists individual responses from agency offices for follow-

up question 1. 
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Figure 36. Responses for Follow-up Question 1 

 

To know the maximum size of the sign used by the state for the 2-legged and 3-

legged system, another follow-up question was asked. The respondents were diversified 

in terms of the maximum size of the sign used. It was found that most of the agencies use 

the rule of thumb or wind loads plots for that area to find the maximum size of the sign. 

Table 53 in Appendix A lists individual responses for follow-up question 2. 

6. Follow-up question 3 was asked to know the width of the ditch in which 

sign supports are installed. There was a wide variety of responses to this question and 

it was found that most of the agencies use ditch as per site requirements.  

Table 54 in Appendix A lists individual responses for follow-up question 2. 
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3.3. Conclusion 

This section presents the response of the survey performed to find the most used 

large sign support system by different agencies. The survey results show a comprehensive 

picture of current large sign breakaway systems inventory and the agency's management 

approach and practices. A very wide variety of responses from agencies was received. For 

the research, the design used by Florida DOT was used. The other site conditions such as 

edge distance, type of ditch, the slope were used based on survey responses. The deep “V” 

ditch was used for the analysis as more than 80 percent of agencies who responded install 

the sign support systems in this type of ditch. The sign support system was installed 12 ft. 

away from the shoulder breakpoint. For the analysis, 6H: 1V slope was used as it was the 

most frequently used slope by agencies. Figure 37 below illustrates the details of the 

design used for analysis. 
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Figure 37. Signboard Design Details. 
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4. FINITE ELEMENT PRELIMINARY ANALYSIS 

4.1. Introduction 

Executing several different actual full-scale crash tests to judge the performance of the 

test article based on the survey results from section 3 would be an expensive affair and not 

practical for the research. In its place, FE computer simulations were performed to 

estimate and compare the crashworthiness of the proposed test article concept using the 

existing FE model of a car and a pickup truck, under MASH TL-3 conditions.   

LS-DYNA an FE software package was used to simulate the behavior of vehicular 

impacts with a sign support system. LS-DYNA is an all-purpose, explicit FE analysis 

code. It is extensively used to simulate the nonlinear, dynamic response of three-

dimensional problems and for capturing intricate interactions of the vehicle with a sign 

support system. LS-DYNA is also very capable of producing dynamic load-time history 

responses for any impact. Before modeling the actual system, the researcher used the 

earlier study by TTI for calibrating the LS-Dyna FE analysis model. The explicit FE code 

LS-DYNA was used to perform critical impact simulations using the developed sign 

support system and available vehicles model. 

4.2. Available Finite Element Computer Models 

4.2.1. Finite Element Models of Vehicles 

Figure 38 illustrates the available FE models of the vehicles. These models include: 

(a) Toyota Yaris model representing a 2,420-lb (1100C) MASH small car test vehicle, and (b) 

Chevrolet Silverado model representing a 5,000-lb (2270P) MASH pickup truck test vehicle. 
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These FE models are compared with the actual vehicle models employed during the tests 

(Kia Rio, and Dodge RAM 1500 pickup, respectively) in Figure 39. 

 

 

 
Toyota Yaris FE Model 

 

 

Chevrolet Silverado FE Model 

Figure 38. Available Finite Element Models of Vehicles. 
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Figure 39. Comparison of Finite Element Models Used for Simulations and Actual Vehicles. 
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4.2.2. Finite Element Model of the Slipbase 

For calibrating the LS-DYNA model, the researcher modeled the slipbase system of the 

system to be tested. Figure 40 shows the slipbase system attached to the W section. The top 

slipbase steel plate feet welded to W section was explicitly modeled to properly account for 

the inertial properties of the sign support system. The slipbase feet were modeled using solid 

elements and a rigid material representation and the slip plate was modeled using shell element 

and rigid material representation. Since the bottom rectangular slip-plate remains fixed to the 

foundation without any significant movement, it was not explicitly modeled.  

 

 
Figure 40. Finite Element Model of Slipbase Sign Support. 
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The bolts of the triangular slipbase were also not modeled explicitly. Instead, four 

nonlinear springs were modeled (see Figure 40). One end of each spring was attached to the 

top slipbase feet, and the other end was attached to the rigid bottom plate. The force-deflection 

properties of the springs were calibrated using an earlier FE model and from the actual crash 

test results. The complexity of the slipbase model was greatly reduced using the above-

mentioned modeling techniques without significant loss of accuracy of results. This technique 

enabled multiple impact simulations to be conducted within the resources of the project. 

Available crash test data was used for FE computer validation of the slipbase system.  

4.3. Model Calibration 

4.3.1. Full-Scale Crash Test 

The researcher used a 4 ft. × 10 ft. large sign support system with W6×9 leg 

supports tested for TxDOT under the TTI project (Development Guidance for Sign Design 

Standards) for calibrating the LS-Dyna finite element analysis model. The researchers at TTI 

conducted MASH Test 3-61 on this large sign support system which was used to calibrate the 

results of the developed system in LS-DYNA by comparing vehicle impact behavior and 

stability, as well as occupant risks and sign support performance upon vehicle impact. 

Vehicle stability, occupant risk, and structural adequacy were evaluated using the Test 

Risk Assessment Program (TRAP) (TRAP, 2011). Vehicle angular velocities, also known as 

roll, pitch, and yaw angles, were used to evaluate vehicle stability. Figure 41 shows, roll, 

pitch, and yaw angles describing the vehicle rotation about the x-axis, y-axis, and z-axis, 

respectively. MASH specifies that the maximum roll and pitch angles should not exceed 75 

degrees. Occupant risk describes the risk of hazard to occupants. It was evaluated from the 

data collected by the accelerometer located at the center of gravity in the vehicle. Two factors 
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were mainly analyzed in preliminary simulations through the acceleration data: Occupant 

Impact Velocity (OIV), Occupant Ridedown Acceleration (ORA). OIV and ORA are the 

change in velocity which the hypothetical occupant feels at impact and the acceleration from 

the collision just after impact. MASH requires the OIV to be lower than 40 ft/s and ORA to 

be smaller than 20.49 G in longitudinal and lateral directions. The structural adequacy of the 

system is determined by the activation of the breakaway device predictably by breaking away, 

fracturing, or yielding. 

 

 
Figure 41. Row, Pitch, and Yaw Illustration. 

 

The 2004 Kia Rio passenger car was used in the test. The actual impact speed and 

angle were 62 mph and 0 degrees, respectively. Figure 42 illustrates the actual constructed 

large sign system from different views. 
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Front View Perspective Side View 

 

Bottom View 

Figure 42. LS-DYNA Sign Post System Model without Vehicle (Silvestri et al., 2011) 
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The test installation was constructed to support a 10-ft × 4-ft tall sign at a mounting 

height of 12 ft. The sign assembly was constructed using four 1-ft × 10-ft long extruded 

aluminum panels. Panels were fastened together using 3/8-in. × 3/4-in. bolts and washers 

spaced every 24 in. along the length of the panels. Each panel was fastened to the support 

post using a cast sign clip and aluminum bolt that locked into slots incorporated into the 

design of the extruded panels. 

The support post was constructed using a W6×9 hot rolled section. The support 

post was constructed in three sections: top, middle, and ground stub. The top section was 

a 52-in. long W6×9 beam section and had four 11/16-in. holes drilled through the flanges 

at one end to allow splicing of the support section using milled fuse plates. The holes were 

drilled 1 inch from the end and at a center-to-center spacing of 2.25 in., centered about the 

central axis of the beam.  

The middle section was fabricated from an 11-ft. 5 in. long piece of the W6×9 

section. This section again had the same hole pattern that was found in the top section at 

one end. The hole pattern allowed for the splicing of the top and middle sections using a 

milled fuse plate. The other end of the middle section had two slipbase feet, meeting 

TxDOT’s W6×9 specifications, welded to each flange. These plates were made from 

2×5×¾-in. plates. The two slots were cut into each plate at a spacing of 2 ¾-in. Each slot 

was fabricated to receive a ⅝-in. slipbase connecting bolt. Then, a 2×5×½-in. gusset plate 

supported the slipbase feet. The slipbase foot assembly was centered on each of the 

external flanges of the W6×9 beam support section. 
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The ground stub was fabricated from a 24-in. long W6×9 beam section. Again, the 

slipbase foot assemblies, described above, were attached to one end of the ground stub. 

Four 2 ¾-in. long and ⅝-in. diameter A325 bolts were used in the slipbase connection to 

splice the ground stub to the middle support section. A 30-gauge slipbase bolt keeper plate 

was placed between the ground stub and the middle support section to hold the bolts in 

the slots until an errant vehicle impacted the support. A single ⅝-in. washer was placed 

between the keeper plate and the middle support section to reduce friction in the slipbase 

connection. Each slipbase connecting bolt was tightened to torque between 36 and 38 ft-

lb. 

The ground stub was installed in a 48-in. deep 24-in. diameter concrete foundation. 

The foundation was reinforced with eight 42-in. #5 vertical rebars. The foundations were 

shear reinforced using a single #2 spiral rebars with a 6-in. pitch with three flat turns at 

the top and one flat turn at the bottom. The foundations were spaced 72 in. on center. Each 

ground stub protruded 3 in. out of the foundation.  

An HSS 4.5×4.5×¼-in. stiffener was attached to the back of the W6×9 support 

post using a specialty torsional bracket sleeve, which is designed so that it could be used 

with any of the approved torsional stiffeners. The bracket sleeve was also designed to fill 

all standard support sections (W6×9 through W12×26) without modification. The bracket 

was designed to clamp to the W6×9 post section, removing the need to drill holes in the 

top post section. 

 

 



 

74 

 

The sleeve bracket was made of four main components.  

a.) First is the HSS 5×5×3/16-in. sleeve, which allows for a telescoping fit to all 4 ½ 

in. stiffener sections. Each sleeve had two set-screws to hold the torsional stiffener 

in place.  

b.) Second is the 9×15×½-in. bracket base plate. This plate has a total of eight 11/16 

in. bolt holes allowing the bracket to attach to any of the standard size support 

posts.  

c.) The third is the ¼-in. bracket gusset plate. This plate prevents the bracket sleeve 

from rotating when resisting torsional stresses.  

d.) Finally, two 2×9×½-in. clamp plates. Each of these fabricated plates has a total of 

four 11/16-in. holes allowing the bracket to attach to all of the standard post section 

sizes. In this case, four ⅝×8-in. A325 bolts were used to clamp the W6×9 post 

section between the sleeve base plate and the clamp plate, creating a torsion-

resisting connection. The stiffener was centered 12 in. above the bottom of the sign 

panel.  

Two milled fuse plates were used to splice each top and middle support post 

sections. Each fuse plate was milled from a 4 × 3 ⅞ × ¼  - in. A36 plate. The plate was 

attached to the support post sections at two locations, each using ⅝ × 1½-in. A325 

bolts and nuts. Four drilled holes at the splice location weakened the plate. These holes 

were spaced at 15/16 in. center-to-center spacing and the pattern was centered on the 

face of the plate. Figure 43 is a diagram of the test installation as tested.  
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Figure 43. Details of the Large Sign Support Test Installation for Crash test 

 

All hot rolled W-sections conform to A992 material specifications. Every tube 

section conforms to A500 grade B specification. All bolts and nuts meet A325 material 

specifications. The State of Texas Prison System supplied all extruded sign panels and 

post clamps, which meet AASHTO and TxDOT material specifications. All other steel 

sections and plates meet A36 specifications. The concrete used in the foundation has a 

compression strength of over 3000 psi. Figure 44 illustrates the test article and the 

impacting vehicle before and after the test. Figure 45 shows the summary of the test results 

for the TxDOT large sign support system. 
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Test Article and Vehicle Before the Test. 

 

 

 

Test Article and Vehicle After the Test. 

Figure 44.  TxDOT Large Sign Support System Before and After Crash Test 

(Silvestri et al., 2011)
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Figure 45. Summary of Test Results for TxDOT Large Sign Support System (Silvestri et al., 2011)
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4.3.2. Computer Model Simulations 

LS Pre-Post was used to develop a large sign support system. A sign support system 

was developed with multiple different material and section properties. Sign supports 

were modeled with MAT001-Elastic to define steel posts material properties. 

MAT001 was also used to define material properties of sign panels, fuse plates, and 

heavy steel base to which springs are attached. MAT020-Rigid was used to define top 

slotted solid plate material properties which is welded to post. The torsional resistance 

elements (see Figure 46) such as stiffener bracket, socket and clamp plates were also 

modeled using MAT001.  

 

 
Figure 46. Finite Element Model of Torsional Resistance Elements 

 

MAT024 - Piecewise linear plasticity was used to define the material 

properties of the fuse plates. The fuse plates (Figure 47) connects the top and the 
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middle signpost section. MAT 000-ADD EROSION was used to provide erosion to 

the fuse plate to incorporate the failure of the plate due to vehicle impact. The 

maximum principal stress at failure for the erosion of 498 MPa (N/mm2) was 

determined by iteration through model simulation testing and comparing the results 

with actual crash test values. The bolts for connecting base plate and bolt keeper plate 

was modeled using spring elements. MATS06-Spring general nonlinear was used to 

define spring element material properties. Figure 48 shows the LS DYNA finite 

element model of the signpost system used for calibration/validation. 

 

 
Figure 47. Finite Element Model of Fuse Plate 

  

Available validated Toyota Yaris passenger car model was used as the test vehicle Kia 

Rio with a similar weight used for the actual crash test. The test vehicle actual impact 
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speed and angle orientation were implemented in the computer simulation. Figure 49 

shows the finite element model of the test article and vehicle. Figure 50 illustrates the 

displacements (roll, pitch, and yaw angular) of the calibrated computer model. 

 Table 11 shows the sequential of the simulated computer model impact event. 

TRAP program was used to evaluate occupant risk factors based on the applicable MASH 

safety evaluation criteria. Table 12 compares frames from the actual full-scale crash test 

and the calibrated computer model impact simulation. Table 13 summarizes occupant risk, 

vehicle stability information, and system deflection values from the comparison between 

the actual crash test values and the simulated impact event.  
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Front View Back View 

   

Side View Perspective View 

Figure 48. Different Views of the Finite Element Model for Validation 
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Side View Front View 

 

 

Back view Perspective Front View 

Figure 49. Different Views of the Finite Element Model of Test Article and Vehicle 
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Table 11. Sequential Images of the Finite Element Simulations 

  

0.0 s 0.04 s 

  

0.01 s 0.05 s 

  

0.02 s 0.06 s 
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Table 11. Continued 

  

0.07 s 0.14 s 

  

0.08 s 0.2 s 

 

 

0.1 s 0.3 s 
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Table 12. Comparison of Sequential Frames for Actual Crash Test and Finite 

Element Simulations 

  

0.0 s 

  

0.139 s 

  

0.282 s 

  

0.421sec 

 



 

86 

 

 

Roll 

 

Pitch 

 

Yaw 

Figure 50. Roll, Pitch, and Yaw Values from Finite Element Model 
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Table 13. Comparison of Occupant Risk Assessment Values of Actual Crash Test 

and FEA Simulation 

 Actual Crash Test  FEA Simulation 

Longitudinal OIV 

Lateral OIV 

2.3 ft/s 

1.0ft 

2.62 ft/s 

0.65 ft/s 

Longitudinal 

Ridedown 

Lateral Ridedown 

-0.3 g 

-0.3 g 

2.5 g 

-0.8 g 

Max 0.050-s Average  

-1.3 g 

0.4 g 

0.5g 

 

-1.7 g 

-1.0 g 

2.0 g 

Longitudinal 

Lateral 

Vertical 

Maximum Roll 

Maximum Pitch 

Maximum Yaw 

-1 deg 

-1 deg 

1 deg 

0.3 deg 

-0.4 deg 

-1.1 deg 

 

4.4. Conclusion 

A comparison of LS DYNA simulation results and actual crash test values reveals 

that the computer models (system and vehicle) can be considered calibrated to the 

actual crash test. The simulated impact event closely matches the actual crash test 

events. The longitudinal ridedown acceleration value is over predicted in the 

computer model to the actual result obtained through the full-scale crash test because 

the values are very low in general. The general behavior of the test article in the 

simulations was exactly similar to the actual crash test. Also, the FEA model closely 

replicates the testing outcomes, in terms of vehicle stability and general behavior 

during an impact event. 
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4.5. Full-Scale Impact Simulations 

Multiple FE simulations were conducted for the most used large signpost system. The 

developed option of the signpost system was designed considering the results obtained 

from the survey. The developed computer impact simulations were performed with both 

car and pickup truck. The researcher investigated impact details, such as impact angles 

and critical impact locations based on additional vehicle dynamic analysis. Such analysis 

characterized the behavior of the vehicle once entering and traversing the slope. The 

following full-scale crash simulations were conducted for further consideration:  

1. Impact Simulations on Flat-Level Ground (As per MASH TL-3 conditions). 

2. Parametric Impact Simulations on Sloped Terrain.  

For option 2, a parametric study was conducted to investigate potential critical angle 

and edge distance for vehicular impacts. 

4.6. Limitations of LS-DYNA 

The calculation time in LS-DYNA is huge, as it involves the inversion of the stiffness 

matrix at each degree of freedom of numerous nodes. The LS-DYNA is better in 

explicit time integration but lags for not counting the effects of inertia. LS-DYNA 

includes multiple properties which is a huge advantage but at the same time 

complexity of using these material properties is very high.  

 In LS-DYNA, when there is very high pressure between the interfaces, such 

as in the process with ironing. There is a plane stress assumption for the shell element, 

if the normal stress is too high, this assumption will be broken. In this case, maybe a 
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solid element should be used if the CPU costs are affordable. When the dynamic effect 

is big, such as in crash forming simulation. In this case, less mass scaling and low 

punch velocity should be used. 

 As element size decreased, the element-maintained capacity for large strains 

that exceed what is expected. While the formulation does have an option to manually 

adjust post-peak scaling based on element size and the use of this feature does 

improve consistency of the behavior predicted by the element, the accuracy, is not 

improved. Additionally, users should be cautious of using element sizes, as this was 

shown to cause erroneous results. 
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5. FINITE ELEMENT SIMULATIONS ON FLAT-LEVEL GROUND ACCORDING 

TO MASH 

5.1. Introduction 

The section herein presents a detailed design of a large signpost system. Comprehensive 

finite element computer modeling of the systems was performed. The detailed FE model 

of the large signpost system included a realistic replica of the large signposts, sign panels, 

slip base system, and connection details, such as fuse plates, zee channels, etc. Simulations 

based on MASH TL-3 test conditions were conducted with a 1100C car and 2270P pickup 

truck impacting the large sign support system. Two simulation cases were considered for 

each vehicle: 1) vehicle impacting test article at low speed; 2) vehicle impacting test article 

at high speed. 

Figure 51 illustrates the FE model developed in LS-DYNA for simulations on the 

flat-level ground.  

 

  

Front View Back View 

Figure 51. Developed Finite Element Model 
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For modeling, different sectional and material properties were defined in LS-Pre 

post. Shell elements were used to model all the elements except the top base plate and 

springs. The sign panel and sign supports were modeled using elastic material (MAT001). 

The top slipbase plate was modeled using a solid section and rigid material (MAT020). 

The bolts of the triangular slipbase were also not modeled explicitly. Instead, four nonlinear 

springs were modeled. One end of each spring was attached to the top slipbase plate, and the 

other end was attached to the rigid bottom plate. The force-deflection properties of the springs 

were calibrated from the FE model used for preliminary validation. The complexity of the 

slipbase model was greatly reduced using the above-mentioned modeling techniques without 

significant loss of accuracy of results. This technique enabled multiple impact simulations to 

be conducted within the resources of the project. The springs were modeled using the discrete 

element and were given spring general non-linear (MATS06) element properties. Figure 52 

illustrates the slipbase system with springs. MAT024 - Piecewise linear plasticity was used 

to define the material properties of the fuse plate. To incorporate the failure of the hinge 

plate due to vehicle impact, MAT 000-ADD EROSION was used. The ADD EROSION 

option provides a way of including failure in the model although the option can also be 

applied to constitutive models with other failure/erosion criteria. The maximum principal 

stress of 498 MPa at failure for the erosion was used. It was determined from the validation 

model which was used for fuse plate erosion keyword values. Figure 53 shows the local 

finite model of the fuse and hinge plate.  
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Figure 52. Finite Element Model of Slipbase Plate 

 

 

 

 

 
 

Fuse Plate Hinge Plate 

Figure 53. Finite Element Model of Fuse Plate and Hinge Plate 
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The W6×12 section was used for sign supports. The thickness of the slipbase plate 

was 1 5/8 in. and the thickness of the fuse plate was 3/8 in. The thickness of the hinge 

plate was exactly like the thickness of the sign support flange. The keeper plate between 

the top and bottom slipbase plates is 0.0149 in. (28 gauge) thick. 

Single Point Constraint Boundary connection was used to fix the steel plate to top 

slipbase plates. Constrained Nodal Rigid Body connection was provided to connect the 

fuse plate with sign supports. Constrained Extra Nodes Set was used to attach slipbase 

plates to sign supports. Rigid Wall was used to provide contact between vehicle tires and 

travel way. 

After running various simulations of the sign support system acting under gravity 

with stability, the model was used for the actual impact simulations with car and pickup 

truck models.  

5.2. Detailed Finite Element Analysis of Sign Post System with Car (1100C) 

The sign support system was impacted with small vehicle (1100C) at low speed (19 mph) 

and high speed (62 mph). The vehicle impacted the sign support system at an angle of 0 

degrees to the roadway. Based on MASH requirements, the simulation event involves a 

1100C vehicle weighing around 2420 lb. For simulations, the already calibrated finite 

element model of Toyota Yaris was used. 

5.2.1. Low-Speed MASH Test Level 3 (Test No. 3-60) 

5.2.1.1. Vehicle Stability and Sign Support System Performance 

The finite element model of the small vehicle (1100C), traveling at a speed of 19 mph and 

0 degrees angle, impacted the large sign support system. The centerline of the left leg 
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support was impacted by the quarter point of the vehicle. Immediately after the impact, 

the left leg started moving and slipped away at the base.  

At 0.08 s, the fuse plate attached to the impact side got activated. The vehicle lost 

the contact with the support leg at 0.09 s and was traveling at 18 mph. The hinge on the 

left support got activated at 0.3 s. 

By 0.36 s, the upper fuse and hinge plate connection on the left support leg was 

completely ruptured. After the complete rupture of connection plates of the left leg, the 

support began to move in the direction of the vehicle. At the same time sign panel started 

rotating in the direction of the vehicle with the right leg still intact. Support and sign panel 

did not come in contact with the vehicle. At 0.7 s the vehicle safely crossed the signpost 

assembly. Table 14 shows the complete sequential photographs of the simulations. 
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Table 14. Sequential Images of the FE Simulations for Car at Low Speed 

  

0 s 0.12 s 

  

0.04 s 0.16 s 

  

0.08 s 0.2 s 
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Table 14. Continued 

  

0.3 s 0.5 s 

 
 

0.35 s 0.7 s 

 

 

0.4 s 0.9 s 



 

97 

 

5.2.1.2. Occupant Risk Assessment 

Data from the accelerometer, located in the vehicle at the center of gravity was used to 

compute occupant risk factors based on MASH safety criteria. The TRAP program was 

used to digitize the values obtained from the finite element model. In the longitudinal 

direction, the occupant impact velocity and the occupant ridedown acceleration was very 

low as there was no impact in the vehicle interior. The maximum 0.050-s average 

acceleration in the longitudinal direction was −1.3 Gs between 0.0055 and 0.0555 s. In the 

lateral direction, the average acceleration was −0.7 Gs between 0.7875 and 0.8375 s. The 

maximum roll, pitch, and yaw angles were -0.3, -0.6, and -2.1 degrees respectively (See 

Figure 54). Figure 55 summarizes the above data and other important information from 

the test. 

 

 
Figure 54. Angular Displacements for 1100C Vehicle at Low Speed 
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5.2.1.3. Summary 

An assessment of the impact simulation based on the applicable MASH safety 

evaluation criteria is provided below.  

1. The test article should readily activate predictably by breaking away, fracturing, 

or yielding.  

Results: When impacted by the 1100C vehicle, the left leg of the large sign support 

activated by breaking away at the slipbase and the upper hinge connections. 

(PASS) 

2. 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.  

Deformation of, or intrusions into, the occupant compartment should not exceed 

limits outlined in Section 5.3 and Appendix E of MASH: deformation in the roof 

should be less than equal to 4.0 inches; deformation in windshield should be less 

than equal to 3.0 inches; there should be no shattering by test article structural 

member inside windows; deformation in wheel/ footwell/ toe pan should be less 

than 9.0 inches; deformation in forward A-pillar should be less than 12.0 inches; 

deformation in front side door area above seats should be less than 9.0 inches and 

in front side door below seat should be less than 12.0 inches; deformation in floor 

pan/transmission tunnel area should be less than 12.0 inches.  

Results: The left support leg separated from the installation. However, the 1100C 

vehicle traveled beneath these elements. The elements did not penetrate or show 
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potential for penetrating the occupant compartment, nor to present a hazard to 

others in the area. No occupant compartment deformation occurred during the test 

with the 1100C vehicle. (PASS) 

3. The vehicle should remain upright during and after the collision. The maximum 

roll and pitch angles should not exceed 75 degrees. 

Results: The 1100C vehicle remained upright during and after the collision event. 

The maximum roll and pitch angles were −1 degree for roll and pitch angles. 

(PASS) 

4. Longitudinal and Lateral impact velocity should be less than 16.4 ft/s 

Result: Longitudinal and lateral occupant impact velocity were less than the 

maximum limits. (PASS) 

5. Occupant ridedown acceleration should be less than 20.49 G. 

Result: Longitudinal and lateral ridedown acceleration were very low. (PASS) 
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0.00 s 0.2 s 0.4 s 0.9 s 

    

Top View Front View Back View Side View 
 

General Information 

Test Agency: Texas A&M Transportation Institute 

Test Standard Test No. MASH TL-3 (3-60) 

 

Test Article 

Type: Sign Support System 

Name: MASH TL-3 Sign Support System 

Material or Key Elements: Steel 

Soil Type: Concrete Pavement 

 

Test Vehicle 

Type/Designation: 1100C 

Make and Model: Finite Element Yaris 

Curb: 2420 lb 

Dummy: No Dummy 

 

Impact Conditions 

Speed: 19 mph 

Angle: 0 degrees 

Location/Orientation: Left Leg 

 

Occupant Risk Values 

Longitudinal OIV: Nil 

Lateral OIV: Nil 

Longitudinal Ridedown: Nil 

Lateral Ridedown: Nil 

 

Max. 0.050-s Average 

Longitudinal: -1.8 G 

Lateral: 0.7 G 

Vertical: 1.1 G 

 

Post-Impact Trajectory 

Stopping Distance: N/A 

 

Vehicle Stability 

Maximum Roll Angle: -0.3 degrees 

Maximum Pitch Angle: -0.6 degrees 

Maximum Yaw Angle: -2.1 degrees 

 

Vehicle Roof Deformation: 0 in. 

Figure 55. Summary of Finite Element Simulation for 1100C Vehicle at Low Speed.
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5.2.2. High-Speed MASH Test Level 3 (Test No. 3-61) 

5.2.2.1. Vehicle Stability and Sign Support System Performance 

The FE model of the small vehicle (1100C), traveling at a speed of 62 mph and 0 degrees 

angle, impacted the large sign support system. The centerline of the left leg support was 

impacted by the quarter point of the vehicle. Immediately after the impact, the left leg 

started moving and slipped away at the base.  

At 0.016 s, the fuse plate attached to the impact side got activated. The vehicle lost 

the contact with the support leg at 0.066 s and was traveling at 58.93 mph. The hinge on 

the left support hot activated at 0.074 s. The fuse plate on right was activated at 0.12 s. 

By 0.134 s, the upper fuse and hinge plate connection on the left support leg was 

completely ruptured. After the complete rupture of left leg connection plates, the support 

began to move in the direction of the vehicle. At the same time, the sign panel started 

tilting towards the vehicle with the right leg still in position. The hinge plate on the right 

leg was activated at 0.158 s. Support and sign panel did not come in contact with the 

vehicle. At 0.25 s the vehicle safely crossed the signpost assembly. Table 28 shows the 

complete sequential photographs of the simulations. 
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Table 15. Sequential Images of the FE Simulations for Car at High Speed 

  

0 s 0.03 s 

  

0.01 s 0.04 s 

  

0.02 s 0.05 s 
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Table 15. Continued 

  

0.07 s 0.13 s 

  

0.09 s 0.15 s 

 
 

0.11 s 0.2 s 
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5.2.2.2. Occupant Risk Assessment 

Data from the accelerometer, located in the vehicle at the center of gravity was used to 

compute occupant risk factors based on MASH safety criteria. The TRAP program was 

used to digitize the values obtained from the FE model. In the longitudinal direction, the 

occupant impact velocity and the occupant ridedown acceleration was very low as there 

was no impact in the vehicle interior. The maximum 0.50-s average acceleration in the 

longitudinal direction was −3.2 Gs between 0.0020 and 0.0520 s. In the lateral direction, 

the average acceleration was −1.9 Gs between 0.0110 and 0.0610 s. The maximum roll, 

pitch, and yaw angles were 0.5, -0.5, and -6.5 degrees respectively (See Figure 56). Figure 

57 summarizes the above data and other important information from the test.  

 

 
Figure 56. Angular Displacements for 1100C Vehicle at High Speed 

 

-7

-6

-5

-4

-3

-2

-1

0

1

0 0.04 0.08 0.12 0.16 0.2 0.24 0.28

A
ng

le
 (
D
e
gr

e
e
s)

Time (Seconds)

Roll Pitch Yaw



 

105 

 

 

5.2.2.3. Summary 

An assessment of the impact simulation on the applicable MASH safety evaluation criteria 

is provided below.  

1. The test article should readily activate predictably by breaking away, fracturing, 

or yielding.  

Results: When impacted by the 1100C vehicle, the left leg of the large sign support 

activated by breaking away at the slipbase and at the upper hinge connections. 

(PASS) 

2. 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.  

Deformation of, or intrusions into, the occupant compartment should not exceed 

limits outlined in Section 5.3 and Appendix E of MASH: deformation in the roof 

should be less than equal to 4.0 inches; deformation in windshield should be less 

than equal to 3.0 inches; there should be no shattering by test article structural 

member inside windows; deformation in wheel/ footwell/ toe pan should be less 

than 9.0 inches; deformation in forward A-pillar should be less than 12.0 inches; 

deformation in front side door area above seats should be less than 9.0 inches and 

in front side door below seat should be less than 12.0 inches; deformation in floor 

pan/transmission tunnel area should be less than 12.0 inches.  
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Results: The left support leg separated from the installation. However, the 1100C 

vehicle traveled beneath these elements. The elements did not penetrate or show 

potential for penetrating the occupant compartment, nor to present a hazard to 

others in the area. No occupant compartment deformation occurred during the test 

with the 1100C vehicle. (PASS) 

3. The vehicle should remain upright during and after the collision. The maximum 

roll and pitch angles should not exceed 75 degrees. 

Results: The 1100C vehicle remained upright during and after the collision event. 

The maximum roll and pitch angles were less than 1 degree for roll and pitch. 

(PASS) 

4. Longitudinal and Lateral impact velocity should be less than 16.4 ft/s 

Result: Longitudinal and lateral occupant impact velocities were less than the 

maximum limits. (PASS) 

5. Occupant ridedown acceleration should be less than 20.49 G. 

Result: Longitudinal and lateral ridedown acceleration were very low. (PASS) 
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0.00 s 0.04 s 0.09 s 0.9 s 

    

Top View Front View Back View Side View 
 

General Information 

Test Agency: Texas A&M Transportation Institute 

Test Standard Test No. MASH TL-3 (3-61) 

 

Test Article 

Type: Sign Support System 

Name: MASH TL-3 Sign Support System 

Material or Key Elements: Steel 

Soil Type: Concrete Pavement 

 

Test Vehicle 

Type/Designation: 1100C 

Make and Model: Finite Element Yaris 

Curb: 2420 lb 

Dummy: No Dummy 

 

 

Impact Conditions 

Speed: 62 mph 

Angle: 0 degrees 

Location/Orientation: Left Leg 

 

Occupant Risk Values 

Longitudinal OIV: Nil 

Lateral OIV: Nil 

Longitudinal Ridedown: Nil 

Lateral Ridedown: Nil 

 

Max. 0.050-s Average 

Longitudinal: -3.2 G 

Lateral: -1.9 G 

Vertical: 2.0 G 

 

Post-Impact Trajectory 

Stopping Distance: N/A 

 

Vehicle Stability 

Maximum Roll Angle: 0.5 degrees 

Maximum Pitch Angle: -0.5 degrees 

Maximum Yaw Angle: -6.5 degrees 

 

Vehicle Roof Deformation: 0 in. 

Figure 57. Summary of Finite Element Simulation for 1100C Vehicle at High Speed
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5.3. Detailed Finite Element Analysis of Sign Post System with Pickup Truck (2270P) 

The sign support system was impacted with a pickup truck (2270P) at high speed (62 mph) 

and low speed (19 mph). The vehicle impacted the sign support system at an angle of 0 

degrees with respect to the roadway. Based on MASH requirements, the simulation event 

involves a 2270C vehicle weighing around 5000 lb. For simulations, an already calibrated 

finite element model of Silverado RAM was used. 

5.3.1. High-Speed MASH Test Level 3 (Test No. 3-62) 

5.3.1.1. Vehicle Stability and Sign Support System Performance 

The finite element model of the small vehicle (2270P), traveling at a speed of 62 mph and 

0 degrees angle, impacted the large sign support system. The centerline of the left leg 

support was impacted by the quarter point of the vehicle. Immediately after the impact, 

the left leg started moving and slipped away at the base.  

At 0.13 s, the fuse plate attached to the impact side got activated. The hinge on the 

left support got activated at 0.53 s. The vehicle lost the contact with the support leg at 0.59 

s and was traveling at 60.59 mph. At 0.089 s, the fuse plate attached to right got activated. 

The hinge on the right leg got activated at 0.118 s. By 0.13 s, the upper fuse and 

hinge plate connection on the left support leg was completely ruptured. After the complete 

rupture of left leg connection plates, the support began to move in the direction of the 

vehicle. The right leg also started rotating about its axis. Support and sign panel both came 

in contact with the roof of the vehicle. The maximum deformation of 2.708 in. was seen 

in the roof. At 0.224 s the vehicle safely crossed the signpost assembly. Table 16 shows 

the complete sequential photographs of the simulations. 
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Table 16. Sequential Images of the FE Simulations for Pickup Truck at High Speed 

 
 

0 s 0.03 s 

  

0.01 s 0.04 s 

  

0.02 s 0.05 s 
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Table 16. Continued 

0.07 s 0.13 s 

0.09 s 0.15 s 

0.11 s 0.2 s 
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5.3.1.2. Occupant Risk Assessment 

Data from the accelerometer, located in the vehicle at the center of gravity was used to 

compute occupant risk factors based on MASH safety criteria. The TRAP program was 

used to digitize the values obtained from the FE model. In the longitudinal direction, the 

occupant impact velocity and the occupant ridedown acceleration was very low as there 

was no impact in the vehicle interior. The maximum 0.050-s average acceleration in the 

longitudinal direction was -2.6 Gs between 0.0035 and 0.0535 s. In the lateral direction, 

the average acceleration was -1.7 Gs between 0.0750 and 0.1250 s. The maximum roll, 

pitch, and yaw angles were -0.5, -0.6, and -0.9 degrees respectively (See Figure 58). Figure 

59 summarizes the above data and other important information from the test.  

 

 

Figure 58. Angular Displacements for 2270P Vehicle at Low Speed. 
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5.3.1.3. Summary 

An assessment of the impact simulation based on the applicable MASH safety evaluation 

criteria is provided below.  

1. The test article should readily activate predictably by breaking away, fracturing, 

or yielding.  

Results: When impacted by the 2270P vehicle, the left leg of the large sign support 

activated by breaking away at the slipbase and the upper hinge connections. 

(PASS) 

2. 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.  

Deformation of, or intrusions into, the occupant compartment should not exceed 

limits outlined in Section 5.3 and Appendix E of MASH: deformation in the roof 

should be less than equal to 4.0 inches; deformation in windshield should be less 

than equal to 3.0 inches; there should be no shattering by test article structural 

member inside windows; deformation in wheel/ footwell/ toe pan should be less 

than 9.0 inches; deformation in forward A-pillar should be less than 12.0 inches; 

deformation in front side door area above seats should be less than 9.0 inches and 

in front side door below seat should be less than 12.0 inches; deformation in floor 

pan/transmission tunnel area should be less than 12.0 inches.  

Results: The left support leg separated from the installation. However, the 2270P 

vehicle traveled beneath these elements. The elements did not penetrate or show 
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potential for penetrating the occupant compartment, nor to present a hazard to 

others in the area. (PASS) 

The deformation of 2.708 in. was occurred in the roof during the test with the 

2270P vehicle. The maximum allowed deformation in the roof is 4 in. (PASS) 

3. The vehicle should remain upright during and after the collision. The maximum 

roll and pitch angles should not exceed 75 degrees. 

Results: The 2270C vehicle remained upright during and after the collision event. 

The maximum roll and pitch angles were less than 1 degree. (PASS) 

4. Longitudinal and Lateral impact velocity should be less than 16.4 ft/s 

Result: Longitudinal and lateral occupant impact velocities were less than the 

maximum limits. (PASS) 

5. Occupant ridedown acceleration should be less than 20.49 G. 

Result: Longitudinal and lateral ridedown acceleration were very low. (PASS) 
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0.00 s 0.05 s 0.13 s 0.2 s 

    

Top View Front View Back View Side View 
 

General Information 

Test Agency: Texas A&M Transportation Institute 

Test Standard Test No. MASH TL-3 (3-62) 

 

Test Article 

Type: Sign Support System 

Name: MASH TL-3 Sign Support System 

Material or Key Elements: Steel 

Soil Type: Concrete Pavement 

 

Test Vehicle 

Type/Designation: 2270P 

Make and Model: Finite Element Silverado 

Curb: 5000 lb. 

Dummy: No Dummy 

 

 

Impact Conditions 

Speed: 62 mph 

Angle: 0 degrees 

Location/Orientation: Left Leg 

 

Occupant Risk Values 

Longitudinal OIV: Nil 

Lateral OIV: Nil 

Longitudinal Ridedown: Nil 

Lateral Ridedown: Nil 

 

Max. 0.050-s Average 

Longitudinal: -2.6 G 

Lateral: -1.7 G 

Vertical: 1.4 G 

 

Post-Impact Trajectory 

Stopping Distance: N/A 

 

Vehicle Stability 

Maximum Roll Angle: -0.5 degrees 

Maximum Pitch Angle: -0.6 degrees 

Maximum Yaw Angle: -0.9 degrees 

 

Vehicle Roof Deformation: Yes 

Max Deformation: 2.708 in. (68.8 mm) 

Figure 59. Summary of Finite Element Simulation for 2270P Vehicle at High Speed
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5.3.2. Low Speed (Non-Standard) 

The MASH does not require investigation of a pickup truck (2270P) impacting the test 

article at low speed. But to investigate the activation of the breakaway system and to find 

the interaction between the roof of the vehicle and the sign, the test was also conducted at 

19 mph.  

5.3.2.1. Vehicle Stability and Sign Support System Performance 

The FE model of the small vehicle (2270P), traveling at a speed of 19 mph and 0 degrees 

angle, impacted the large sign support system. The centerline of the left leg support was 

impacted by the quarter point of the vehicle. Immediately after the impact, the left leg 

started moving and slipped away at the base.  

At 0.13 s, the fuse plate attached to the impact side got activated. The vehicle lost 

the contact with the support leg at 0.21 s and was traveling at 19.19 mph. The hinge on 

the left support got activated at 0.33 s. 

By 0.37 s, the upper fuse and hinge plate connection on the left support leg was 

completely ruptured. After the complete rupture of left leg connection plates, the support 

began to move in the direction of the vehicle. At the same time sign panel started rotating 

in the longitudinal direction and the right leg was still in position. The hinge plate on the 

right leg was activated at 0.53 s and was completely ruptured by 0.64 s. The right leg also 

started rotating about its axis. Support and sign panel both came in contact with the roof 

of the vehicle. The maximum deformation of 3.574 in. was seen in the roof. At 0.83 s the 

vehicle safely crossed the signpost assembly. Table 17 shows the complete sequential 

photographs of the simulations. 
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Table 17. Sequential Images of the FE Simulations for Pickup Truck at Low Speed 

  

0 s 0.12 s 

  

0.04 s 0.2 s 

  

0.08 s 0.25 s 
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Table 17. Continued 

 
 

0.35 s 0.6 s 

 

 

0.4 s 0.7 s 

 

 

0.5 s 0.8 s 
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5.3.2.2. Occupant Risk Assessment 

Data from the accelerometer, located in the vehicle at the center of gravity was used to 

compute occupant risk factors based on MASH safety criteria. The TRAP program was 

used to digitize the values obtained from the finite element model. In the longitudinal 

direction, the occupant impact velocity and the occupant ridedown acceleration was very 

low as there was no impact in the vehicle interior. The maximum 0.050-s average 

acceleration in the longitudinal direction was 1.6 Gs between 0.4480 and 0.4980 s. In the 

lateral direction, the average acceleration was 1.4 Gs between 0.6425 and 0.6925 s. The 

maximum roll, pitch, and yaw angles were 0.5, -0.9, and -0.2 degrees respectively (See 

Figure 60). Figure 61 summarizes the above data and other important information from 

the test.  

 

 

Figure 60. Angular Displacements for 2270P Vehicle at Low Speed. 
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5.3.2.3. Summary 

An assessment of the impact simulation based on the applicable MASH safety evaluation 

criteria is provided below.  

1. The test article should readily activate predictably by breaking away, fracturing, 

or yielding.  

Results: When impacted by the 2270P vehicle, the left leg of the large sign support 

activated by breaking away at the slipbase and the upper hinge connections. 

(PASS) 

2. 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.  

Deformation of, or intrusions into, the occupant compartment should not exceed 

limits outlined in Section 5.3 and Appendix E of MASH: deformation in the roof 

should be less than equal to 4.0 inches; deformation in windshield should be less 

than equal to 3.0 inches; there should be no shattering by test article structural 

member inside windows; deformation in wheel/ footwell/ toe pan should be less 

than 9.0 inches; deformation in forward A-pillar should be less than 12.0 inches; 

deformation in front side door area above seats should be less than 9.0 inches and 

in front side door below seat should be less than 12.0 inches; deformation in floor 

pan/transmission tunnel area should be less than 12.0 inches.  

Results: The left support leg separated from the installation. However, the 2270P 

vehicle traveled beneath these elements. The elements did not penetrate or show 
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potential for penetrating the occupant compartment, nor to present a hazard to 

others in the area. 3.574 in. compartment deformation occurred during the test with 

the 2270P vehicle. The maximum allowed deformation in the roof is 4 in. (PASS) 

3. The vehicle should remain upright during and after the collision. The maximum 

roll and pitch angles are not to exceed 75 degrees. 

Results: The 2270C vehicle remained upright during and after the collision event. 

The maximum roll and pitch angles were less than 1 degree. (PASS) 

4. Longitudinal and Lateral impact velocity should be less than 16.4 ft/s 

Result: Longitudinal and lateral occupant impact velocities were less than the 

maximum limits. (PASS) 

5. Occupant ridedown acceleration should be less than 20.49 G. 

Result: Longitudinal and lateral ridedown acceleration were very low. (PASS)
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0.00 s 0.25 s 0.35 s 0.8 s 

    

Top View Front View Back view Side View 
 

General Information 

Test Agency: Texas A&M Transportation Institute 

Test Standard Test No. Non-Standard 

 

Test Article 

Type: Sign Support System 

Name: MASH TL-3 Sign Support System 

Material or Key Elements: Steel 

Soil Type: Concrete Pavement 

 

Test Vehicle 

Type/Designation: 2270P 

Make and Model: Finite Element Silverado 

Curb: 5000 lb. 

Dummy: No Dummy 

 

 

Impact Conditions 

Speed: 19 mph 

Angle: 0 degrees 

Location/Orientation: Left Leg 

 

Occupant Risk Values 

Longitudinal OIV: N/A 

Lateral OIV: N/A 

Longitudinal Ridedown: N/A 

Lateral Ridedown: N/A 

 

Max. 0.050-s Average 

Longitudinal: 1.6 G 

Lateral: 1.4 G 

Vertical: -1.3 G 

 

Post-Impact Trajectory 

Stopping Distance: N/A 

 

Vehicle Stability 

Maximum Roll Angle: 0.5 degrees 

Maximum Pitch Angle: -0.9 degrees 

Maximum Yaw Angle: -0.2 degrees 

 

Vehicle Roof Deformation: Yes 

Max Deformation: 3.574 in. (90.78 mm) 

Figure 61. Summary of Finite Element Simulation for 2270P Vehicle at Low Speed.
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5.4. Conclusion 

Detailed finite element analysis was conducted to forecast the performance of the large 

signpost system on the flat-level ground. A detailed finite element model was developed 

based on the actual MASH compliant design. MASH test level 3 situations were replicated 

in the detailed impact simulations. 

 For the different impact simulations of test articles at low and high speed with 

passenger car (1100C) and a pickup truck (2270P), the slipbase of the test article was 

readily activated predictably. Also, there was no detachment of elements or fragments 

from the test article. However, there was a deformation in the roof of the pickup truck at 

low (19 mph) and high (62 mph) speed, but it was less than the maximum permissible 

limits of MASH. There was no deformation in the windshield, side windows, forward of 

A-pillar, front side door area above the seat, front side door area below the seat and floor 

plan/transmission tunnel. In conducted impact simulations on the flat-level ground, the 

recorded maximum angular displacements were way below the required MASH limits, 

passing the MASH requirements for vehicle stability. 

Table 18 summarizes the different assessments performed, occupant risk factors, and 

angular displacements recorded in the preliminary simulations. Recorded occupant risks for 

each of the performed simulations were all well within MASH limits. 

The FE impact simulations conducted on the flat-level ground indicated that it passed 

the MASH criteria. It was concluded that the test article passed all the MASH requirements 

on the flat-level ground. To verify the FE results, full-scale crash testing was proposed for the 

most critical case. The first full-scale crash test proposed is the pickup truck at high speed 
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(62mph) for the already installed article by Florida DOT which is MASH compliant. Based 

on the results of the full-scale crash test, the FE model will be calibrated. If needed, another 

full-scale crash test will be performed with the car at low or high speed. 

It was also decided to investigate the behavior of test articles on sloped terrain. The 

standard MASH does not indicate any criteria for testing and evaluation of roadside support 

on sloped terrain. However, MASH indicates that “underlying philosophy in the development 

of the guidelines is that of worst practical conditions”. It also indicates that “when selecting 

test parameters, such as the test vehicle, impact speed, angle combination, point of impact, 

test matrix, etc., every effort is made to specify the worst or most critical conditions”. 

Therefore, a series of impact simulations were conducted on sloped terrain using different 

parameters. The impact simulations were conducted on 6H: 1V slope with parametric 

variables such as offset, impact angles, nominal speed, and orientation of impact. Detailed 

computer modeling and simulations for test article on sloped terrain is shown in chapter 8. 
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Table 18. Summary of Finite Element Simulations Performed on Flat Level Ground. 
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6. FLAT-LEVEL GROUND FULL-SCALE CRASH TEST PLAN ACCORDING TO 

MASH 

6.1. Test Plan 

Based on engineering evaluation and FE impact simulations results, the researcher 

determined the design details and installation characteristics for the large sign support 

systems on the flat level ground to be advanced for construction and testing. 

For this task, the researcher worked closely with the technical representative of the project 

and the other Roadside Pooled Fund DOTs members to determine details of the 

installation characteristics of the sign support system to be constructed. 

Appropriate drawings (see Figure 62 - Figure 71) was developed to aid the 

construction of the approved systems and to guide installation procedures for the full-scale 

crash testing plan. The approved system will be constructed according to MASH 2016 

requirements. 

The first objective of the proposed testing program is to evaluate the 

crashworthiness of a large breakaway sign support per MASH TL-3 conditions, on flat 

level ground. The second objective was to investigate the most practical and utilized 

installation conditions for large breakaway sign support on sloped terrain. The third 

objective was to determine the most critical characteristics within this envelope of 

conditions. The last objective was to access the crashworthiness of the large breakaway 

sign support in combination with the sloped installation condition. 

To accomplish these objectives, the proposed testing program involves a full-scale 

vehicular (passenger car and pickup truck) crash tests.  The proposed testing plan is based 
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on the present opinion of the research team based on the AASHTO MASH requirements, 

FE analysis and results of a literature review performed in conjunction with the proposed 

testing plan. 

6.2. MASH Test Requirements 

The tests will be performed at TL-3 conditions. According to MASH, three tests are 

recommended for evaluating support structures at TL-3 

6.2.1. MASH Test Designation 3-60:   

A 2420-lb vehicle (1100C) impacting the critical impact point (CIP) of the support 

structure at a nominal impact speed of 19 mph and an impact angle of 0 degrees, 

respectively. This test investigates support structures ability to successfully activate 

the breakaway devices 

6.2.2. MASH Test Designation 3-61:   

A 2420-lb vehicle (1100C) impacting the CIP of the support structure at a nominal impact 

speed of 62 mph and an impact angle of 0 degrees, respectively. This test identifies the 

prospective of support structure intrusion into a vehicle with an emphasis on structural 

adequacy, vehicle stability, and occupant risk. 

6.2.3. MASH Test Designation 3-62:   

A 5000-lb pickup truck (2270P) impacting the CIP of the support structure at a nominal 

impact speed of 62 mph and an impact angle of 0 degrees, respectively. This test identifies 

the prospective of support structure intrusion into a vehicle with an emphasis on structural 

adequacy, vehicle stability, and occupant risk. 
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6.3. Test Conditions 

6.3.1. Testing Site 

A flat paved surface should be used to accelerate the vehicle at the desired speed and to 

provide for the unobstructed trajectory of the vehicle the following impact. The surface 

should be free of ditches, curbs, swales, and any other irregularities which could influence 

impact behavior. It may not be possible to provide a smooth and flat surface for the test 

vehicle to accelerate at the required speed, and this may result in bouncing off the vehicle. 

At impact, it is important that the test vehicle is not bouncing excessively and the bumper 

impact should be within 2 in. of the nominal bumper height.  

The full-scale crash tests proposed in this memo will be performed at any agency 

registered with the International Standards Organization (ISO) 17025-accredited 

laboratory with the American Association for Laboratory Accreditation (AALA) 

Mechanical Testing certificate 2821.01. The full-scale crash tests should be performed 

according to the MASH guidelines and standards.  

6.3.2. Propulsion, Guidance, and Braking 

The test vehicle can be towed into the test installation using any reliable techniques such 

as pushing, towing, or self-propelled. Before the impact, the vehicle should be detached 

from the pushing and towing mechanism and should be wheeling freely just before and 

after the impact. The engine of the vehicle system should be switched off just before the 

impact. Live drivers should be avoided for accelerating vehicles. If needed, precautions 

should be taken for driver protection from vehicle rollover and high vehicle acceleration.  
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Any method which is consistent for controlling test vehicles into the test articles is 

satisfactory, provided the controlling system can be detached from the test vehicle just 

before the impact and should be assured that any components remaining attached to the 

vehicle do not influence the outcome/results of the test.  

The braking should be delayed as long as possible to establish the vehicle's post-

impact trajectory and attitude. The brakes should not be applied for a minimum of 2 

seconds after the vehicle lost contact with the test article. The brake should be delayed 

until the vehicle stability is established. 

6.4. Data Acquisition Systems  

6.4.1. Vehicle Instrumentation and Data Processing  

Each test vehicle should be instrumented with a self-contained, on-board data acquisition 

system. The signal conditioning and acquisition system is a 16-channel, Tiny Data 

Acquisition System (TDAS) pro produced by Diversified Technical Systems, Inc. The 

accelerometers, which measure the x, y, and z-axis of vehicle acceleration, are strain gauge 

type with linear millivolt output proportional to acceleration. Angular rate sensors, 

measuring vehicle roll, pitch, and yaw rates, are ultra-small, solid-state units designed for 

crash test service. The TDAS Pro hardware and software conform to the latest SAE J211, 

Instrumentation for Impact Test. Each of the 16 channels is capable of providing precision 

amplification, scaling, and filtering based on transducer specifications and calibrations. 

During the test, data are recorded from each channel at a rate of 10,000 values per second 

with a resolution of one part in 65,536. Initial contact of the pressure switch on the vehicle 

bumper provides a time zero mark and initiates the recording process. After each test, the 
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data should be downloaded from the TDAS Pro unit into a laptop computer at the test site. 

The raw data can be decoupled using one of the commonly available procedures, such as 

the Test Risk Assessment Program (TRAP) program that processes the raw data to 

produce detailed reports of the test results.  

Each of the TDAS Pro units should be returned to the factory annually for complete 

recalibration. Accelerometers and rate transducers should also be calibrated annually with 

traceability to the National Institute for Standards and Technology (NIST). All 

accelerometers should be calibrated annually according to SAE J211 4.6.1 using an 

ENDEVCO 2901, precision primary vibration standard. The device and its support 

instruments should be returned to the factory annually for the NIST traceable calibration. 

The subsystems of each data channel should also be evaluated annually, using instruments 

with current NIST traceability, and the results are factored into the accuracy of the total 

data channel, per SAE J211. Acceleration data should be measured with an expanded 

uncertainty of ±1.7 percent at a confidence factor of 95 percent (k=2).  

The conversion programs such as TRAP uses the data from the TDAS Pro to 

compute occupant/compartment impact velocities, time of occupant/compartment impact 

after vehicle impact, and the highest 10˗millisecond (ms) average ridedown acceleration. 

TRAP calculates the change in vehicle velocity at the end of a given impulse period. Also, 

the maximum average accelerations over 50˗ms intervals in each of the three directions 

are computed. For reporting purposes, the data from the vehicle-mounted accelerometers 

should be filtered with a 60-Hz low-pass digital filter, and acceleration versus time curves 

for the longitudinal, lateral, and vertical directions are plotted using TRAP.  
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TRAP uses the data from the yaw, pitch, and roll rate transducers to compute 

angular displacement in degrees at 0.0001-s intervals, then plots yaw, pitch, and roll versus 

time. These displacements should be about the vehicle-fixed coordinate system with the 

initial position and orientation of the vehicle-fixed coordinate systems being initial impact. 

The rate of rotation data should be measured with an expanded uncertainty of ±0.7 percent 

at a confidence factor of 95 percent (k=2). 

6.4.2. Photographic Instrumentation Data Processing  

Photographic coverage of each test should include two high-speed cameras:  

1. One placed behind the installation at an angle.  

2. The third camera will be placed to have a field of view parallel to and aligned with 

the installation at the downstream end.  

A flashbulb on each of the impacting vehicles should be activated by a pressure-

sensitive tape switch to indicate the instant of contact with the concrete median barrier. 

The flashbulb should be visible from each camera to synchronize timing from the impact 

event. The videos from these high-speed cameras should be analyzed to observe 

phenomena occurring during the collision and to obtain time-event, displacement, and 

angular data. A mini-digital video camera and still cameras should record and document 

the conditions of each test vehicle and the installation before and after each test. 

6.5. Evaluation Criteria for MASH Testing 

The vehicle crash impact tests will be evaluated by the relevant criteria presented in 

MASH.  The impact performance of the sign support will be judged based on four factors: 

structural adequacy, occupant risk, and post-impact vehicle trajectory.  Structural 
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adequacy is based upon the sign support’s ability to break away by fracturing or yielding. 

Occupant risk criteria evaluate the potential risk of hazard to occupants in the impacting 

vehicle, and to some extent, other traffic, pedestrians, or workers in construction zones, if 

applicable. The MASH occupant risk criteria include occupant impact velocity and 

ridedown acceleration, which are computed using the acceleration-time histories 

measured at the vehicle’s center of gravity. These criteria are based on a “flail space” 

model that assumes an unrestrained occupant.   

Post impact vehicle trajectory will also be assessed as part of the MASH evaluation 

criteria to determine the potential for secondary impact of the impacting vehicle with other 

vehicles or fixed objects that can create a further risk of injury to occupants of the 

impacting vehicle and/or risk of injury to occupants in other vehicles.   

The specific safety evaluation criteria (from table 5-1 of MASH) that will be used 

to evaluate the passenger vehicle crash tests are summarized below. 

1. The test article should readily activate predictably by breaking away, fracturing, 

or yielding.  

2. 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.  

Deformation of, or intrusions into, the occupant compartment should not exceed 

limits outlined in Section 5.3 and Appendix E of MASH: deformation in the roof 

should be less than equal to 4.0 inches; deformation in windshield should be less 
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than equal to 3.0 inches; there should be no shattering by test article structural 

member inside windows; deformation in wheel/ footwell/ toe pan should be less 

than 9.0 inches; deformation in forward A-pillar should be less than 12.0 inches; 

deformation in front side door area above seats should be less than 9.0 inches and 

in front side door below seat should be less than 12.0 inches; deformation in floor 

pan/transmission tunnel area should be less than 12.0 inches.  

3. The vehicle should remain upright during and after the collision. The maximum 

roll and pitch angles are not to exceed 75 degrees. 

4. Occupant impact velocities should be less than 40ft/s 

5. Occupant ridedown acceleration should be less than 20.49 G. 
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Figure 62. Preliminary Drawing (Sheet 1 of 10). 
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Figure 63. Preliminary Drawing (Sheet 2 of 10). 
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Figure 64. Preliminary Drawing (Sheet 2 of 10). 
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Figure 65. Preliminary Drawing (Sheet 4 of 10). 
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Figure 66. Preliminary Drawing (Sheet 5 of 10). 
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Figure 67. Preliminary Drawing (Sheet 6 of 10).
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Figure 68. Preliminary Drawing (Sheet 7 of 10). 
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Figure 69. Preliminary Drawing (Sheet 8 of 10).
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Figure 70. Preliminary Drawing (Sheet 9 of 10). 
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Figure 71. Preliminary Drawing (Sheet 10 of 10).
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7. FULL-SCALE CRASH TEST 

7.1. Introduction 

The large signpost was constructed in the field as designed. A full-scale crash test was conducted 

to evaluate the crashworthiness of the large signpost and to compare the finite element analysis 

results. MASH Test Designation 3-62, a 5000-lb pickup truck (2270P) impacting the CIP of the 

support structure at a nominal impact speed of 62 mph and an impact angle of 0 degrees, 

respectively was conducted. This test identifies the prospective of support structure intrusion into 

a vehicle with an emphasis on structural adequacy, vehicle stability, and occupant risk. 

7.2. Test Article and Installation Details 

The test installation was a breakaway sign with four panels, consisting of two center sign panels 

each at 60 in. long and 78 in. tall, and two outside sign panels each at 51 in. long and 78 in. tall for 

a total dimension of 18 ft-6 in. long and 78 in. tall. All panels were comprised of 0.125-in. thick 

Aluminum ASTM B209 6061-T6. The sign panel was held at 84 in. above grade by two W-beam 

posts spaced at 10 ft-10 in. and held off the posts by two wind beams. These posts both consist of 

three sections with a hinge plate just below the sign, and a slip base 2⅜ in. above grade joining the 

sections together. The installation was secured by being set 32 in. deep into a concrete foundation 

72 in. deep with a 24 in. diameter.   

Figure 72 presents overall information on the test article and Figure 73 provides 

photographs of the installation. Drawings were provided by the Florida Department of 

Transportation, and construction was performed by Tucker Construction. 

7.3. Material Specifications  

Appendix B provides material certification documents for the materials used to install/construct 

the test article. 
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Figure 72. Test Article Details
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Figure 73. Test Article before Testing 
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7.4. Test Designation and Actual Impact Conditions 

MASH Test 3-62 involves a 2270P vehicle weighing 5000 lb ±110 lb impacting the CIA of the 

support structure at an impact speed of 62 mi/h ±2.5 mi/h and CIA of 0° ±1.5°. The target impact 

point on the test article was 12 inches ±1 ft from the centerline to the driver’s side aligned with the 

centerline of the left post. Figure 74 depicts the target impact setup. 

 

  

Figure 74 Test Article and Vehicle before Testing 

 

The 2270P vehicle used in the test weighed 5040 lb, and the actual impact speed and angle 

were 62.4 mi/h and 0°. The actual impact point was 12 inches from the centerline to the driver’s 

side aligned with the centerline of the left post. The minimum target kinetic energy (KE) was 

594 kip-ft, and the actual KE was 656 kip-ft. 
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7.5. Weather Conditions 

The test was performed on the morning of March 3, 2020. Weather conditions at the time of testing 

were as follows: wind speed: 3 mi/h; wind direction: 360° (vehicle was traveling at the magnetic 

heading of 180°); temperature: 72°F; relative humidity: 92%. 

 

7.6. Test Vehicle  

Figure 5.2 shows the 2014 RAM 1500 pickup truck used for the crash test. The vehicle’s test inertia 

weight was 5040 lb, and its gross static weight was 5040 lb. The height to the lower edge of the 

vehicle bumper was 11.75 inches, and height to the upper edge of the bumper was 27.0 inches. 

The height of the vehicle’s center of gravity was 29.25 inches. Appendix B gives additional 

dimensions and information on the vehicle. The vehicle was directed into the installation using a 

cable reverse tow and guidance system and was released to be freewheeling and unrestrained just 

before impact. 

 

  

Figure 75. Test Vehicle before Testing 
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7.7. Test Description 

Table 19 lists events that occurred during Test No. 612261-05-1. Figures in Appendix B present 

sequential photographs during the test. 

 

Table 19. Events during Test 

TIME (s) EVENTS 

0.0000 Vehicle impacts the left leg of a sign support 

0.0020 The base of left sign support begins to slip 

0.0060 The base of left sign support free from the base at grade 

0.0820 Vehicle loses contact with sign support while traveling at 60.0 mi/h 

0.3290 Vehicle completely clear of sign 

 

Brakes on the vehicle were applied at 1.6 s after impact, and the vehicle subsequently came 

to rest 309 ft downstream of the impact location.  

7.8. Damage to Test Installation 

Figure 76 shows the damage to the test article. The left slip base activated upon impact. The hinge 

plates did not activate for either post. The panel connected to the right-side post was removed and 

landed 6 feet to the right of impact. The left support post and a partial sign panel landed 22 ft to 

the right and 11 ft downstream. The right support base did not activate and leaned to the left at 10 

degrees to the left from vertical with a slight clockwise twist. 
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Figure 76. Test Article after Test 

 

7.9. Damage to Test Vehicle 

Figure 77 shows the damage sustained by the vehicle. The front bumper, hood, grill, radiator and 

support, and left front fender were damaged. No fuel tank damage was observed. The maximum 

exterior crush to the vehicle was 8.0 inches in the front plane at the left of the centerline at bumper 

height. No occupant compartment deformation or intrusion was observed. Figure 78 shows the 

interior of the vehicle. Appendix B provides exterior crush and occupant compartment 

measurements. 
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Figure 77. Test Vehicle after Test. 

 

 

  

  

Figure 78. Interiors of Test Vehicle after Test. 
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7.10. Occupant Risk Factors  

Data from the accelerometers were digitized for the evaluation of occupant risk, and the results are 

shown in Table 20. Figures in Appendix B show the vehicle angular displacements and 

acceleration versus time traces. Figure 79 summarizes pertinent information from the test.  

Table 20. Occupant Risk Factors for Test 

Occupant Risk Factor Value Time 

Occupant Impact Velocity (OIV)   

Longitudinal 3.3 ft/s at 0.7128 s on the 

front of the 

interior. 
Lateral 2.0 ft/s 

Occupant Ridedown Accelerations   

Longitudinal 0.3 g 0.8482 – 0.8582 s 

Lateral 1.0 g 0.7512 – 0.7612 s 

Theoretical Head Impact Velocity  

(THIV) 
1.2 m/s 

at 0.7095 s on 

front of interior 

Acceleration Severity Index (ASI) 0.2 0.0164 – 0.0664 s 

Maximum 50-ms Moving Average    

Longitudinal -1.8 g 0.0007 – 0.0507 s 

Lateral 0.6 g 0.7353 – 0.7853 s 

Vertical -0.8 g 0.1490 – 0.1990 s 

Maximum Roll, Pitch, and Yaw 

Angles 
  

Roll 2° 1.4227 s 

Pitch 3° 1.4632 s 

Yaw 2° 1.5000 s 
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 0.000 s 0.100 s 0.200 s 0.300 s 

  
 
General Information 
 Test Agency ........................ 
 Test Standard Test No. ....... 
 TTI Test No.  ....................... 
 Test Date ............................ 
Test Article 
 Type ................................... 
 Name .................................. 
 Installation Height ............... 
 Material or Key Elements .... 
Soil Type and Condition ...... 
 
 
Test Vehicle 
 Type/Designation ................ 
 Make and Model ................. 

  Curb .................................... 
 Test Inertial ......................... 
 Dummy ............................... 
 Gross Static ........................ 

 
 
Texas A&M Transportation Institute (TTI) 
MASH Test 3-62 
612261-05-1 
2020-03-03 
 
Support Structure – Sign Support 
 
84 inches 
 
M147-65(2004) “Materials for Aggregate 
and Soil Aggregate Subbase, Base and 
Surface Courses.” 
 
2270P 
2014 RAM 1500 Pickup Truck 
4920 lb 
5040 lb 
No dummy 
5040 lb 

 
Impact Conditions 
 Speed ................................  
 Angle .................................  
 Location/Orientation ...........  
 
Kinetic Energy .....................  
Exit Conditions 
 Speed ................................  
 Trajectory/Heading Angle ...  
Occupant Risk Values 
 Longitudinal OIV ................  
 Lateral OIV .........................  

  Longitudinal Ridedown .......  
 Lateral Ridedown ...............  
 THIV ..................................  
 ASI .....................................  
Max. 0.050-s Average  
  Longitudinal ....................  
  Lateral ............................  
  Vertical............................  

 
 
62.4 mi/h 
0° 
Left of centerline with 
left support 
656 kip-ft 
 
60.0 mi/h 
0° 
 
3.3 ft/s 
2.0 ft/s 
0.3 g 
1.0 g 
1.2 m/s 
0.2 
 
-1,8 g 
0.6 g 
-0.8 g 

 
Post-Impact Trajectory 
 Stopping Distance .....................  
 
Vehicle Stability 

  Maximum Yaw Angle ................  
 Maximum Pitch Angle ...............  
 Maximum Roll Angle .................  
 
Test Article Debris Scatter 
 Longitudinal ..............................  
 Lateral.......................................  
 
Vehicle Damage 
 VDS ..........................................  
 CDC ..........................................  
 Max. Exterior Deformation.........  
 OCDI ........................................  
 Max. Occupant Compartment  
  Deformation ...........................  

 
 
309 ft behind 
 
 
2° 
3° 
2° 
 
 
11 ft 
22 ft 
 
 
12FL2 
12FLEN2 
8.0 inches 
FS0000000 
 
None 
 

Figure 79. Summary of Results for MASH Test 3-62 
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Table 21. Performance Evaluation Summary for MASH Test 3-62. 

MASH Test 3-62 Evaluation Criteria Test Results 

Structural Adequacy  

B. The test article should readily activate in a predictable manner by breaking away, 

fracturing, or yielding. 
PASS 

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.  

PASS 

Deformations of, or intrusions into, the occupant compartment should not exceed 

limits outlined in Section 5.2.2 and Appendix E of MASH. 
PASS 

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

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

H. Occupant impact velocities (OIV) should satisfy the following limits: The preferred 

value of 10 ft/s, or maximum allowable value 16 ft/s. 
PASS 

I. The occupant ridedown accelerations should satisfy the following limits: The 

preferred value of 15.0 g, or maximum allowable value of 20.49 g. 
PASS 

Vehicle Trajectory  

N. The vehicle trajectory behind the test article is acceptable. PASS 
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7.11. Assessment of Test Results 

The crash test reported herein was performed following MASH Test 3-62, which involves 

a 2270P vehicle impacting the test article at a target impact speed and impact angle of 

62 mi/h and 0°, respectively. An assessment of the test based on the applicable safety 

evaluation criteria for MASH Test 3-62 for a large signboard is provided in Table 21. 

7.12. Comparison between original FEA and Full-Scale Crash Test 

In this section, the original finite element simulation results of the detailed large signboard 

were compared with the full-scale crash test results of MASH test 3-62. Minor differences 

were found in vehicle roll, pitch, and yaw angles and impact velocity, and ridedown 

acceleration. Significant differences were found in the fracture of hinge and fuse plates. 

Further analysis was conducted.  After reviewing the crash test film and original FEA 

results, modifications were made to the large signboard FE models for more accurate 

simulation results.  

 The simulated impact event closely matches the actual crash test events. As shown 

in Table 22, the ridedown accelerations and impact velocities values are very low in 

general. Table 23 compares the frame by frame of FEA simulation and actual crash test. 

The general behavior of the test article in the simulations was exactly like the actual crash 

test except the fracturing of hinge and fuse plates. Also, the FEA model closely replicates 

the testing outcomes, in terms of vehicle stability and general behavior during an impact 

event. 
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Table 22. TRAP Values Comparison between Original FEA and Full-Scale Crash 

Test 

 Actual Crash Test  FEA Simulation 

Longitudinal OIV 

Lateral OIV 

3.3 ft/s 

2.0ft 

Nil 

Nil 

Longitudinal Ridedown 

Lateral Ridedown 

0.3 g 

1.0 g 

Nil 

Nil 

Max 0.050-s Average  

-1.8 g 

0.6 g 

-0.8 g 

 

-2.6 g 

-1.7 g 

1.4 g 

Longitudinal 

Lateral 

Vertical 

Maximum Roll 

Maximum Pitch 

Maximum Yaw 

2 deg 

3 deg 

2 deg 

-0.5 deg 

-0.6 deg 

-0.9 deg 
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Table 23. Sequential Frame Comparison between Original FEA and Full-Scale Test 

  

0.0 s 

  

0.1 s 

  

0.2 s 

  

0.3 s 
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 In FEA simulation, both hinge and fuse plates got activated after 0.1 s and got 

completely fractured by 0.3 s. Whereas, in the full-scale crash test the hinge and fuse plates 

did not activate. Further modifications were performed in the FEA simulation for 

achieving the results similar to the full-scale crash test. 

7.13. FEA Modification and Validation 

To achieve the results like the performed full-scale crash test, the FEM model was re-

validated. Multiple trial and error methods were performed. By increasing the erosion 

values (MAT_ADD_EROSION) of fuse and hinge plate to very high values (1.0 e+04 

MPa), similar results were obtained. Different frames observed during the analysis and 

actual crash test are shown in Table 24. All other properties of the large sign system and 

the vehicle were kept the same as earlier.  
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Table 24. Sequential Frame Comparison between Original FEA and Full-Scale Test 

after Modification 

  
0.0 s 

  
0.01 s 

  
0.02 s 

  
0.03 s 
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Table 24. Continued 

  

0.04 s 

  

0.05 s 

  

0.1 s 

  

0.15 s 
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7.14. Conclusion 

The test article passed the performance criteria for MASH Test 3-62 for large signboards. 

Modifications were made to the FE models since discrepancy was found between the original 

detailed simulation and full-scale crash test. The frame by frame comparison suggested that 

modified FEA realistically replicated the results observed from the full-scale crash test.  
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8. FINITE ELEMENT SIMULATIONS ON SLOPED TERRAIN

8.1. Introduction 

The section herein presents a detailed design of a large signpost system on sloped terrain. 

A set of vehicle impact simulations were performed to investigate the system behavior 

when impacted by errant passenger vehicles while installed on sloped terrain. Slope 

characteristics, however, as well as other installation characteristics were determined 

based on the results obtained from the survey. For the developed option, an FE parametric 

study was conducted to investigate the most critical situation for the impact. Different 

parameters such as impact angle, impact location, edge distance, vehicle speed, and 

vehicle type were considered for parametric study. As anticipated earlier, the negative 

slope was considered for the impact simulations. Set of computer simulations were 

performed for both passenger car and pickup truck vehicles impacting the test article. 

CARSIM was used to compare and verify the worst-case impact scenarios, such as impact 

angles and critical impact locations. This analysis was performed to characterize the 

behavior of the vehicle once entering and traversing the slope. The full-scale crash tests 

will be proposed based on the computer simulations results for most critical systems. The 

detailed FE model of the large signpost system included a realistic replica of the large 

signposts, sign panels, slip base system, and connection details, such as fuse plates, zee 

channels, etc. Figure 80 illustrates the FE model developed in LS-DYNA for simulations 

on the flat-level ground.  
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Front View Back View 

 

Perspective View 

Figure 80. Developed Finite Element Model. 

 

The testing and evaluation criteria for the sloped terrain were decided based on the 

engineering experience and judgment. The present MASH criteria for support structures 

on the flat-level ground was adapted for evaluating impact simulation of the test article on 

sloped-terrain. 

The current MASH testing and evaluation criteria suggest selecting test 

parameters, such as impact angle and speed, point of impact, test matrix, etc. based on the 

worst practical condition. Multiple FE impact simulations were performed based on 

different parameters to find the most critical case. Details of different parameters are 
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shown in. Figure 81 illustrates the different impact angles and impact locations used in the 

simulations. To find the most critical impact angle, angular displacements were compared 

for different preliminary impact simulations results.  Based on engineering judgment and 

preliminary results of simulation from LS-DYNA and CARSIM it was observed that 

vehicle impacting the first leg of the test article at 25 degrees will be most critical. For the 

preliminary analysis, an offset of 12 ft. from the shoulder breakpoint to the edge of the 

sign panel was chosen. 

 

 
Figure 81. Different Impact Angles and impact Locations used in the Simulations. 

 

Table 25 and Table 26 shows the different FE simulations performed on sloped 

terrain with car and pickup truck. Table 27, Table 28, Table 29, and Table 30 illustrates 
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the roll, pitch and yaw angles at 15, 20, and 25 degrees angles for pickup truck and 

passenger car impacting the first and second leg at high speed. 

 

Table 25. Different Finite Element Simulations Performed on Sloped Terrain with 

Car (1100C) 

Simulation 

no. 
Vehicle Speed Leg 

Edge Distance 

(ft.) 

Angle 

(degrees) 

1 

Car 

(1100C) 
19 mph 

1st 

12 

15 

2 20 

3 25 

4 

24 

15 

5 20 

6 25 

7 

2nd 

12 

15 

8 20 

9 25 

10 

24 

15 

11 20 

12 25 

13 

Car 

(1100C) 
62 mph 

1st 

12 

15 

14 20 

15 25 

16 

24 

15 

17 20 

18 25 

19 

2nd  

12 

15 

20 20 

21 25 

22 

24 

15 

23 20 

24 25 
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Table 26. Different Finite Element Simulations Performed on Sloped Terrain with 

Pickup Truck (2270P) 

Simulation 

no. 
Vehicle Speed Leg 

Edge Distance 

(ft.) 

Angle 

(degrees) 

25 

Pickup 

Truck 

(2270P) 

19 mph 

1st  

12 

15 

26 20 

27 25 

28 

24 

15 

29 20 

30 25 

31 

2nd  

12 

15 

32 20 

33 25 

34 

24 

15 

35 20 

36 25 

37 

Pickup 

Truck 

(2270P) 

62 mph 

1st  

12 

15 

38 20 

39 25 

40 

24 

15 

41 20 

42 25 

43 

2nd  

12 

15 

44 20 

45 25 

46 

24 

15 

47 20 

47 25 
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Table 27. Roll, Pitch, and Yaw Angles for Pickup Truck Impacting Leg-1. 

 

Roll 

 

Pitch 

 

Yaw 

 

0

2

4

6

8

10

12

14

0 0.2 0.4 0.6 0.8 1

0

2

4

6

0 0.2 0.4 0.6 0.8 1

-0.5

0

0.5

1

1.5

2

2.5

0 0.2 0.4 0.6 0.8 1
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Table 28. Roll, Pitch, and Yaw Angles for Pickup Truck Impacting Leg-2. 

 

Roll 

 

Pitch 

 

Yaw 

 

-5

0

5

10

15

0 0.5 1

-1

0

1

2

3

4

5

6

7

0 0.5 1

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0 0.5 1
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Table 29. Roll, Pitch, and Yaw Angles for Car Impacting Leg-1. 

 

Roll 

 

Pitch 

 

Yaw 

 

0

2

4

6

8

10

12

14

0 0.25 0.5 0.75

-5

0

5

10

15

0 0.25 0.5 0.75

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

0 0.25 0.5 0.75
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Table 30. Roll, Pitch, and Yaw Angles for Car Impacting Leg-2. 

 

Roll 

 

Pitch 

 

Yaw 

 

-5

0

5

10

15

20

0 0.2 0.4 0.6 0.8

-1

0

1

2

3

4

5

0 0.2 0.4 0.6 0.8

-1.5

-1

-0.5

0

0.5

1

1.5

2

0 0.2 0.4 0.6 0.8
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The angular displacements of passenger car and a pickup truck for high speed with 

different parameters were compared and verified with trajectory simulations performed in 

CARSIM software. Table 31 and Table 32 illustrates the comparison of CARSIM and LS-

DYNA angular displacement values for the pickup truck and a small car. The results 

obtained from CARSIM closely matches with LS-Dyna results. As anticipated earlier, it 

was observed from the angular displacements (roll, pitch, and yaw) values, that vehicle 

impacting the signpost assembly at 25 degrees is most critical. A complete comparison of 

occupant risk values and angular displacements is shown in the tables below. Table 33 

and Table 34 illustrates the occupant risk and angular displacement for car impacting the 

first and second leg. Table 35 and Table 36 illustrates the occupant risk and angular 

displacement for pickup truck impacting the first and second leg. Detailed analysis of the 

impact simulations of car and pickup truck impacting the test article at 25 degrees with 

respect to the roadway at low and high speeds are also shown in this section.  
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Table 31. Comparison of CARSIM and LS-DYNA Angular Displacement Values 

for Pickup Truck. 

  

15 Degrees 

  

20 Degrees 

  
25 Degrees 

 

0

5

10

0 0.5 1 1.5

0

1

2

3

4

0 0.5 1 1.5

0

5

10

0 0.5 1 1.5

0

1

2

3

4

5

6

0 0.5 1

0

5

10

15

0 0.5 1 1.5
0

1

2

3

4

5

6

0 0.5 1 1.5
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Table 32. Comparison of CARSIM and LS-DYNA Angular Displacement Values 

for Small Car. 

  

15 Degrees 

  
20 Degrees 

  
25 Degrees 

 

0

5

10

0 0.5 1 1.5

0

1

2

3

4

5

0 0.5 1 1.5

0

5

10

15

20

0 0.5 -0.5

0.5

1.5

2.5

3.5

4.5

5.5

0 0.5

0

5

10

15

20

0 0.5 1 1.5
0

2

4

6

8

0 0.5 1
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Table 33. Occupant Risk and Maximum Angular Displacements of Car Impacting First Leg at High Speed. 

Angle OIV (ft./s) ORA (G) Roll Pitch Yaw 

 Longitudinal Lateral Longitudinal Lateral Deg Deg Deg 

15 N/A N/A N/A N/A 10.3 3.9 1.5 

20 9.84 6.23 2.99 1.89 12 5.0 1.9 

25 9.18 1.96 1.6 1.4 10.4 5.4 -0.9 

 

 

Table 34. Occupant Risk and Maximum Angular Displacements of Car Impacting Second Leg at High Speed. 

Angle OIV (ft./s) ORA (G) Roll Pitch Yaw 

 Longitudinal Lateral Longitudinal Lateral Deg Deg Deg 

15 5.57 1.31 1.0 -1.5 11.0 4.0 7.1 

20 -0.98 3.60 -11.0 2.8 12 4.5 -0.9 

25 11.48 0.98 7.6 -3.1 16.9 19.6 1.7 
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Table 35. Occupant Risk and Maximum Angular Displacements of Pickup truck Impacting the First Leg at High Speed. 

Angle OIV (ft/s) ORA (G) Roll Pitch Yaw 

 Longitudinal Lateral Longitudinal Lateral Deg Deg Deg 

15 1.31 3.28 -6.9 -4.6 11.6 3.4 0.9 

20 3.28 2.62 -2.0 -4.5 12 5.6 2.1 

25 2.62 4.92 3.9 -5.7 13 6.1 0.3 

 

 

Table 36. Occupant Risk and Maximum Angular Displacements of Pickup Truck Impacting Second Leg at High Speed. 

Angle OIV (ft/s) ORA (G) Roll Pitch Yaw 

 Longitudinal Lateral Longitudinal Lateral Deg Deg Deg 

15 -2.95 5.57 12.5 5.3 10.6 3.6 1.8 

20 2.29 3.28 -6.5 -3.7 12 5.3 0.7 

25 1.96 1.64 -3.3 7.2 13.6 5.7 -1.2 
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8.2. Detailed Finite Element Analysis of Sign Post System with Car (1100C) 

The sign support system on sloped terrain was impacted with small vehicle (1100C) at 

low speed (19 mph) and high speed (62 mph). The vehicle impacted the sign support 

system at an angle of 25 degrees with respect to the roadway. For the impact simulations, 

the already calibrated finite element model of Toyota Yaris was used. 

8.2.1. Low Speed 

8.2.1.1. Vehicle Stability and Sign Support System Performance 

The FE model of the small vehicle (1100C), traveling at a speed of 19 mph and 25 degrees 

angle, impacted the large sign support system. The centerline of the left leg support was 

impacted by the center point of the vehicle. Immediately after the impact, the left leg 

started moving and slipped away at the base.  

At 1.35 s, the fuse plate attached to the impact side got activated. The vehicle lost 

the contact with the support leg at 1.45 s and was traveling at 18.611 mph. The hinge on 

the left support and fuse plate on the right support got activated at 1.6 s. 

By 1.7 s, the upper fuse and hinge plate connection on the left support leg was 

completely ruptured. After the complete rupture of connection plates of the left leg, the 

support began to move in the direction of the vehicle. At the same time, the sign panel 

started tilting towards the vehicle with the right leg still intact. Support and sign panel 

didn’t come in contact with the vehicle. At 2.0 s the vehicle safely crossed the signpost 

assembly. Table 37 shows the complete sequential photographs of the simulations. 
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Table 37. Sequential Images of FE Simulations for Car at Low Speed. 

 

 

0 s 0.8 s 

 
 

0.3 s 1 s 

 
 

0.4 s 1.1 s 

  

0.6 s 0.42 s 
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Table 37. Continued 

  

1.35 s 1.7 s 

  

1.4 s 1.8 s 

  

1.5 s 1.9 s 

  

1.6 s 2 s 
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8.2.1.2. Occupant Risk Assessment 

Data from the accelerometer, located in the vehicle at the center of gravity was used to 

compute occupant risk factors based on MASH safety criteria for flat-level ground. The 

TRAP program was used to digitize the values obtained from the finite element model. In 

the longitudinal direction, the occupant impact velocity was 7.21 ft/s at 1.24 seconds, the 

highest 10-ms occupant ridedown acceleration was -9.3 G from 1.353 to 1.363 seconds, and 

the maximum 50-ms average acceleration was -2.6 G between 1.346 and 1.396 seconds. In 

the lateral direction, the occupant impact velocity was 3.28 ft/s at 1.24 seconds, the highest 

10-ms occupant ridedown acceleration was 3.4 G from 1.357 to 1.367 seconds, and the 

maximum 50-ms average was -1.7 G between 1.198 and 1.248 seconds. The maximum roll, 

pitch, and yaw angles were 9.8, 5.4, and -6.4 degrees respectively (See Figure 82). Figure 

83 summarizes the above data and other important information from the test.  

 

 
Figure 82. Angular Displacement for 1100C Vehicle at Low Speed. 
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8.2.1.3. Summary 

An assessment of the test based on the applicable MASH safety evaluation criteria for flat 

level terrain is provided below.  

1. The test article should readily activate in a predictable manner by breaking away,

fracturing, or yielding.

Results: When impacted by the 1100C vehicle, the left leg of the large sign support

activated by breaking away at the slipbase and the upper hinge connections.

2. 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.

Deformation of, or intrusions into, the occupant compartment should not exceed

limits outlined in Section 5.3 and Appendix E of MASH for support systems on

the flat-level ground: deformation in the roof should be less than equal to 4.0

inches; deformation in windshield should be less than equal to 3.0 inches; there

should be no shattering by test article structural member inside windows;

deformation in wheel/ footwell/ toe pan should be less than 9.0 inches; deformation

in forward A-pillar should be less than 12.0 inches; deformation in front side door

area above seats should be less than 9.0 inches and in front side door below seat

should be less than 12.0 inches; deformation in floor pan/transmission tunnel area

should be less than 12.0 inches.

Results: The left support leg separated from the installation. However, the 1100C

vehicle traveled beneath these elements. The elements did not penetrate or show
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potential for penetrating the occupant compartment, nor to present a hazard to 

others in the area. No occupant compartment deformation occurred during the test 

with the 1100C vehicle. 

3. The vehicle should remain upright during and after the collision. The maximum 

roll and pitch angles should not exceed 75 degrees. 

Results: The 1100C vehicle remained upright during and after the collision event. 

The maximum roll and pitch angles were less than 10 degrees. 

4. Longitudinal and Lateral impact velocity should be less than 16.4 ft/s 

Result: Longitudinal and lateral occupant impact velocities less than the maximum 

limits. 

5. Occupant ridedown acceleration should be less than 20.49 G. 

Result: Longitudinal and lateral ridedown acceleration were also less than the 

required limits. 
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0.00 s 1.35 s 1.6 s 2 s 

    

Top View Front View Back View Side View 

 

General Information 

Test Agency: Texas A&M Transportation Institute 

Test Standard: Sloped Terrain; Car (1100C); Low Speed 

 

Test Article 

Type: Sign Support System 

Name: MASH TL-3 Sign Support System 

Material or Key Elements: Steel 

Soil Type: Concrete Pavement 

 

Test Vehicle 

Type/Designation: 1100C 

Make and Model: Finite Element Yaris 

Curb: 2420 lb. 

Dummy: No Dummy 

 

 

Impact Conditions 

Speed: 19 mph 

Angle: 25 degrees 

Location/Orientation: Left Leg 

 

Occupant Risk Values 

Longitudinal OIV: -7.21 ft./s 

Lateral OIV: 3.28 ft./s 

Longitudinal Ridedown: -9.3 G 

Lateral Ridedown: 3.4 G 

 

Max. 0.050-s Average 

Longitudinal: -2.6 G 

Lateral: -1.7 G 

Vertical: -1.9 G 

 

Post-Impact Trajectory 

Stopping Distance: N/A 

 

Vehicle Stability 

Maximum Roll Angle: 9.8 degrees 

Maximum Pitch Angle: 5.4 degrees 

Maximum Yaw Angle: -6.4 degrees 

 

Vehicle Roof Deformation: Yes 

Max Deformation: Nil 

Figure 83. Summary of Finite Element Simulation for 1100C Vehicle at Low Speed.
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8.2.2. High Speed 

8.2.2.1. Vehicle Stability and Sign Support System Performance 

The finite element model of the small vehicle (1100C), traveling at a speed of 62 mph and 

25 degrees angle, impacted the large sign support system. The centerline of the left leg 

support was impacted by the center point of the vehicle. Immediately after the impact, the 

left leg started moving and slipped away at the base.  

At 0.48 s, the fuse plate attached to the impact side got activated. The vehicle lost 

the contact with the support leg at 0.52 s and was traveling at 55.39 mph. The fuse plate 

on the right leg got activated at 0.54 s and the hinge on the left support got activated at 

0.56 s. 

The hinge on the right support was activated at 0.62 s. By 0.66 s, the upper fuse 

and hinge plate connection on the left support leg was completely ruptured. After the 

complete rupture of connection plates of the left leg, the support began to move in the 

direction of the vehicle. At the same time, the sign panel started tilting towards the vehicle 

with the right leg still intact. Support and sign panel didn’t come in contact with the 

vehicle. At 0.7 s the vehicle safely crossed the signpost assembly. By 0.7 s, the connection 

on the right support was completely ruptured. Table 38 shows the complete sequential 

photographs of the simulations. 
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Table 38. Sequential Images of FE Simulations for Car at High Speed. 

 
 

0 s 0.26 s 

 
 

0.08 s 0.3 s 

 
 

0.14 s 0.38 s 

  

0.22 s 0.42 s 
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Table 38. Continued 

  

0.46 s 0.56 s 

 

 

0.48 s 0.58 s 

  

0.5 s 0.62 s 

  

0.52 s 0.75 s 
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8.2.2.2. Occupant Risk Assessment 

Data from the accelerometer, located in the vehicle at the center of gravity was used to 

compute occupant risk factors based on MASH safety criteria. The TRAP program was 

used to digitize the values obtained from the finite element model. In the longitudinal 

direction, the occupant impact velocity was 9.18 ft/s at 0.65 seconds, the highest 10-ms 

occupant ridedown acceleration was 1.6 G from 0.6715 to 0.6815 seconds, and the 

maximum 50-ms average acceleration was -6.7 G between 0.4285 and 0.4796 seconds. In 

the lateral direction, the occupant impact velocity was 1.97 ft/s at 0.658 seconds, the 

highest 10-ms occupant ridedown acceleration was 1.4 G from 0.695 to 0.705 seconds, 

and the maximum 50-ms average was -1.4 G between 0.4185 and 0.4685 seconds. The 

maximum roll, pitch, and yaw angles were 10.4, 5.4, and -0.9 degrees respectively (See 

Figure 84). Figure 85 summarizes the above data and other important information from 

the test.  
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Figure 84. Angular Displacement for 1100C Vehicle at High Speed. 

8.2.2.3. Summary 

An assessment of the test based on the applicable MASH safety evaluation criteria for flat-

level terrain is provided below.  

1. The test article should readily activate in a predictable manner by breaking away,

fracturing, or yielding.

Results: When impacted by the 1100C vehicle, the left leg of the large sign support

activated by breaking away at the slipbase and the upper hinge connections.

2. 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.

Deformation of, or intrusions into, the occupant compartment should not exceed

limits outlined in Section 5.3 and Appendix E of MASH for support systems on
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the flat-level ground: deformation in the roof should be less than equal to 4.0 

inches; deformation in windshield should be less than equal to 3.0 inches; there 

should be no shattering by test article structural member inside windows; 

deformation in wheel/ footwell/ toe pan should be less than 9.0 inches; deformation 

in forward A-pillar should be less than 12.0 inches; deformation in front side door 

area above seats should be less than 9.0 inches and in front side door below seat 

should be less than 12.0 inches; deformation in floor pan/transmission tunnel area 

should be less than 12.0 inches.  

Results: The left support leg separated from the installation. However, the 1100C 

vehicle traveled beneath these elements. The elements did not penetrate or show 

potential for penetrating the occupant compartment, nor to present a hazard to 

others in the area. No occupant compartment deformation occurred during the test 

with the 1100C vehicle. 

3. The vehicle should remain upright during and after the collision. The maximum

roll and pitch angles are not to exceed 75 degrees.

Results: The 1100C vehicle remained upright during and after the collision event.

The maximum roll and pitch angles were 10.4 degrees and 5.4 degrees.

4. Longitudinal and Lateral impact velocity should be less than 16.4 ft/s

Result: Longitudinal and lateral occupant impact velocities less than the maximum

limits.

5. Occupant ridedown acceleration should be less than 20.49 G.

Result: Longitudinal and lateral ridedown acceleration were very low.



 

 

188 

 

 
   

0.00 s 0.42 s 0.46 s 0.75 s 

    

Top View Front View Back View Side View 

 

General Information 

Test Agency: Texas A&M Transportation Institute 

Test Standard: Sloped Terrain; Car (1100C); High Speed 

 

Test Article 

Type: Sign Support System 

Name: MASH TL-3 Sign Support System 

Material or Key Elements: Steel 

Soil Type: Concrete Pavement 

 

Test Vehicle 

Type/Designation: 1100C 

Make and Model: Finite Element Yaris 

Curb: 2420 lb. 

Dummy: No Dummy 

 

 

Impact Conditions 

Speed: 62 mph 

Angle: 25 degrees 

Location/Orientation: Left Leg 

 

Occupant Risk Values 

Longitudinal OIV: 9.18 ft./s 

Lateral OIV: 1.96 ft/s 

Longitudinal Ridedown: 1.6 G 

Lateral Ridedown: 1.4 G 

 

Max. 0.050-s Average 

Longitudinal: -6.7 G 

Lateral: -1.4 G 

Vertical: -3.1 G 

 

Post-Impact Trajectory 

Stopping Distance: N/A 

 

Vehicle Stability 

Maximum Roll Angle: 10.4 degrees 

Maximum Pitch Angle: 5.4 degrees 

Maximum Yaw Angle: -0.9 degrees 

 

Vehicle Roof Deformation: Yes 

Max Deformation: Nil 

Figure 85. Summary of Finite Element Simulation for 1100C Vehicle at High Speed.
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8.3. Detailed Finite Element Analysis of Sign Post System with Pickup Truck (2270P) 

The sign support system on sloped terrain was impacted with a pickup truck (2270P) at 

low speed (19 mph) and high speed (62 mph). The vehicle impacted the sign support 

system at an angle of 25 degrees with respect to the roadway. For simulations, an already 

calibrated finite element model of Silverado RAM was used. 

8.3.1. Low Speed 

8.3.1.1. Vehicle Stability and Sign Support System Performance 

The finite element model of the pickup truck (2270P), traveling at a speed of 19 mph and 

25 degrees angle, impacted the large sign support system. The centerline of the left leg 

support was impacted by the center point of the vehicle. Immediately after the impact, the 

left leg started moving and slipped away at the base.  

The vehicle lost contact with the support leg at 1.35 s and the fuse plate attached 

to the impact side got activated at 1.4 s. The vehicle was traveling at 19.98 mph at 1.41 s. 

The hinge on the left support hot activated at 1.55 s. 

By 1.7 s, the upper fuse and hinge plate connection on the left support leg was 

completely ruptured. After the complete rupture of connection plates of the left leg, the 

support began to move in the direction of the vehicle. At the same time, the sign panel 

started tilting toward the vehicle with the right leg still intact. Support and sign panel didn’t 

come in contact with the vehicle. At 2.15 s the vehicle safely crossed the signpost 

assembly. Table 39 shows the complete sequential photographs of the simulations. 
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Table 39. Sequential Images of FE Simulations for Pickup Truck at Low Speed. 

 

 

0 s 0.8 s 

 
 

0.3 s 1 s 

 
 

0.4 s 1.1 s 

  

0.6 s 1.35 s 
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Table 39. Continued 

  

1.45 s 1.85 s 

  

1.6 s 1.95 s 

  

1.7 s 2.1 s 

  

1.75 s 2.5 s 
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8.3.1.2. Occupant Risk Assessment 

Data from the accelerometer, located in the vehicle at the center of gravity was used to 

compute occupant risk factors based on MASH safety criteria. The TRAP program was 

used to digitize the values obtained from the finite element model. In the longitudinal 

direction, the occupant impact velocity was -1.31 ft/s at 1.2080 seconds, the highest 10-

ms occupant ridedown acceleration was -6 G from 1.338 to 1.348 seconds, and the 

maximum 50-ms average acceleration was -1.7 G between 1.322 and 1.3720 seconds. In 

the lateral direction, the occupant impact velocity was 0.98 ft/s at 1.208 seconds, the 

highest 10-ms occupant ridedown acceleration was 6.8 G from 1.737 to 1.747 seconds, 

and the maximum 50-ms average was 1.9 G between 1.711 and 1.761 seconds. The 

maximum roll, pitch, and yaw angles were 9.3, 5.3, and 5.1 degrees respectively (See 

Figure 86). Figure 87 summarizes the above data and other important information from 

the test.   

Figure 86. Angular Displacement for 2270P Vehicle at Low Speed. 
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8.3.1.3. Summary 

An assessment of the test based on the applicable MASH safety evaluation criteria for flat-

level terrain is provided below.  

1. The test article should readily activate in a predictable manner by breaking away, 

fracturing, or yielding.  

Results: When impacted by the 2270P vehicle, the left leg of the large sign support 

activated by breaking away at the slipbase and the upper hinge connections. 

2. 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.  

Deformation of, or intrusions into, the occupant compartment should not exceed 

limits outlined in Section 5.3 and Appendix E of MASH for support systems on 

the flat-level ground: deformation in the roof should be less than equal to 4.0 

inches; deformation in windshield should be less than equal to 3.0 inches; there 

should be no shattering by test article structural member inside windows; 

deformation in wheel/ footwell/ toe pan should be less than 9.0 inches; deformation 

in forward A-pillar should be less than 12.0 inches; deformation in front side door 

area above seats should be less than 9.0 inches and in front side door below seat 

should be less than 12.0 inches; deformation in floor pan/transmission tunnel area 

should be less than 12.0 inches.  

Results: The left support leg separated from the installation. However, the 2270P 

vehicle traveled beneath these elements. The elements did not penetrate or show 
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potential for penetrating the occupant compartment, nor to present a hazard to 

others in the area. No occupant compartment deformation occurred during the test 

with the 2270P vehicle. 

3. The vehicle should remain upright during and after the collision. The maximum 

roll and pitch angles are not to exceed 75 degrees. 

Results: The 2270P vehicle remained upright during and after the collision event. 

The maximum roll and pitch angles were less than 10 degrees for both. 

4. Longitudinal and Lateral impact velocity should be less than 16.4 ft/s 

Result: Longitudinal and lateral occupant impact velocities less than the maximum 

limits. 

5. Occupant ridedown acceleration should be less than 20.49 G. 

Result: Longitudinal and lateral ridedown acceleration were very low. 
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0.00 s 1.1 s 1.45 s 2.5 s 

    

Top View Front View Back View Side View 

 

General Information 

Test Agency: Texas A&M Transportation Institute 

Test Standard: Sloped Terrain; Pickup Truck (2270P);   

                        High Speed 

Test Article 

Type: Sign Support System 

Name: MASH TL-3 Sign Support System 

Material or Key Elements: Steel 

Soil Type: Concrete Pavement 

 

Test Vehicle 

Type/Designation: 2270P 

Make and Model: Finite Element Silverado 

Curb: 5000 lb 

Dummy: No Dummy 

 

 

Impact Conditions 

Speed: 19 mph 

Angle: 25 degrees 

Location/Orientation: Left Leg 

 

Occupant Risk Values 

Longitudinal OIV: -1.31 ft/s 

Lateral OIV: 0..98 ft/s 

Longitudinal Ridedown: -6.0 G 

Lateral Ridedown: 6.8 G 

 

Max. 0.050-s Average 

Longitudinal: -1.7 G 

Lateral: -1.9 G 

Vertical: -1.3 G 

 

Post-Impact Trajectory 

Stopping Distance: N/A 

 

Vehicle Stability 

Maximum Roll Angle: 9.6 degrees 

Maximum Pitch Angle: 5.3 degrees 

Maximum Yaw Angle: 5.1 degrees 

 

Vehicle Roof Deformation: Yes 

Max Deformation: Nil 

Figure 87. Summary of Finite Element Simulation for 2270P Vehicle at Low Speed.
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8.3.2. High Speed 

8.3.2.1. Vehicle Stability and Sign Support System Performance 

The finite element model of the pickup truck (2270P), traveling at a speed of 62 mph and 

25 degrees angle, impacted the large sign support system. The centerline of the left leg 

support was impacted by the quarter point of the vehicle. Immediately after the impact, 

the left leg started moving and slipped away at the base.  

At 0.46 s, the fuse plate attached to the impact side got activated. The vehicle lost 

the contact with the support leg at 0.52 s and was traveling at 59.24 mph. The hinge on 

the left support hot activated at 0.54 s. 

By 0.64 s, the upper fuse and hinge plate connection on the left support leg was 

completely ruptured. After the complete rupture of connection plates of the left leg, the 

support began to move in the direction of the vehicle. At the same time, the sign panel 

started tilting toward the vehicle with the right leg still intact. Support and sign panel didn’t 

come in contact with the vehicle. At 0.72 s the vehicle safely crossed the signpost 

assembly. Table 40 shows the complete sequential photographs of the simulations. 
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Table 40. Sequential Images of FE Simulation for Pickup Truck at High Speed. 

0 s 0.26 s 

0.08 s 0.3 s 

0.14 s 0.38 s 

0.22 s 0.42 s 
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Table 41. Continued 

0.46 s 0.56 s 

0.48 s 0.6 s 

0.5 s 0.68 s 

0.52 s 0.74 s 
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8.3.2.2. Occupant Risk Assessment 

Data from the accelerometer, located in the vehicle at the center of gravity was used to 

compute occupant risk factors based on MASH safety criteria. The TRAP program was 

used to digitized the values obtained from the finite element model. In the longitudinal 

direction, the occupant impact velocity was 2.621 ft/s at 0.752 seconds, the highest 10-ms 

occupant ridedown acceleration was 3.9 G from 0.9515 to 0.9615 seconds, and the 

maximum 50-ms average acceleration was -3.7 G between 0.425 and 0.475 seconds. In 

the lateral direction, the occupant impact velocity was 4.92 ft/s at 0.752 seconds, the 

highest 10-ms occupant ridedown acceleration was -5.7 G from 0.9535 to 0.9635 seconds, 

and the maximum 50-ms average was -1.9 G between 0.63 and 0.68 seconds. The 

maximum roll, pitch, and yaw angles were 10.4, 5.4, and -0.9 degrees respectively (See 

Figure 88). Figure 89 summarizes the above data and other important information from 

the test.   

Figure 88. Angular Displacement for 2270P Vehicle at High Speed. 
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8.3.2.3. Summary 

An assessment of the test based on the applicable MASH safety evaluation criteria for flat-

level terrain is provided below.  

1. The test article should readily activate in a predictable manner by breaking away,

fracturing, or yielding.

Results: When impacted by the 2270P vehicle, the left leg of the large sign support

activated by breaking away at the slipbase and at the upper hinge connections.

2. 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.

Deformation of, or intrusions into, the occupant compartment should not exceed

limits set forth in Section 5.3 and Appendix E of MASH for support systems on

flat-level ground: deformation in roof should be less than equal to 4.0 inches;

deformation in windshield should be less than equal to 3.0 inches; there should be

no shattering by test article structural member inside windows; deformation in

wheel/ footwell/ toe pan should be less than 9.0 inches; deformation in forward A-

pillar should be less than 12.0 inches; deformation in front side door area above

seats should be less than 9.0 inches and in front side door below seat should be less

than 12.0 inches; deformation in floor pan/transmission tunnel area should be less

than 12.0 inches.

Results: The left support leg separated from the installation. However, the 2270P

vehicle traveled beneath these elements. The elements did not penetrate or show
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potential for penetrating the occupant compartment, nor to present a hazard to 

others in the area. No occupant compartment deformation occurred during the test 

with the 2270P vehicle. 

3. The vehicle should remain upright during and after the collision. The maximum

roll and pitch angles should not exceed 75 degrees.

Results: The 2270P vehicle remained upright during and after the collision event.

The maximum roll and pitch angles were 13 degrees and 6.1 degrees.

4. Longitudinal and Lateral impact velocity should be less than 16.4 ft/s

Result: Longitudinal and lateral occupant impact velocities less than the maximum

limits.

5. Occupant ridedown acceleration should be less than 20.49 G.

Result: Longitudinal and lateral ridedown acceleration were very low.



202 

0.00 s 1.1 s 1.45 s 2.5 s 

Top View Front View Back View Side View 

General Information 

Test Agency: Texas A&M Transportation Institute 

Test Standard: Sloped Terrain; Pickup Truck (2270P); 

 High Speed 

Test Article 

Type: Sign Support System 

Name: MASH TL-3 Sign Support System 

Material or Key Elements: Steel 

Soil Type: Concrete Pavement 

Test Vehicle 

Type/Designation: 2270P 

Make and Model: Finite Element Silverado 

Curb: 5000 lb. 

Dummy: No Dummy 

Impact Conditions 

Speed: 62 mph 

Angle: 25 degrees 

Location/Orientation: Left Leg 

Occupant Risk Values 

Longitudinal OIV: 2.62 ft/s 

Lateral OIV: 4.92 ft/s 

Longitudinal Ridedown: 3.9 G 

Lateral Ridedown: -5.7 G 

Max. 0.050-s Average 

Longitudinal: 3.7 G 

Lateral: -1.9 G 

Vertical: 2.8 G 

Post-Impact Trajectory 

Stopping Distance: N/A 

Vehicle Stability 

Maximum Roll Angle: 13 degrees 

Maximum Pitch Angle: 6.1 degrees 

Maximum Yaw Angle: 0.3 degrees 

Vehicle Roof Deformation: Yes 

Max Deformation: Nil 

Figure 89. Summary of Finite Element Simulation for 2270P Vehicle at High Speed. 
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8.4. Conclusion 

Detailed finite element analysis was conducted to forecast the performance of the large 

signpost system on the sloped terrain. A complete FE model was developed based on the 

actual design used for installation on the flat-level ground. MASH test level 3 situations 

for flat-level ground were replicated in detailed computer simulations. 

For the different impact simulations performed with different parameters such as 

impact angle, impact speed, edge distance, impact point, etc. for passenger car and a 

pickup truck, the slipbase of the test article on sloped terrain was readily activated in a 

predictable manner. Also, there was no detachment of elements or fragments from the test 

article in any test. There was no deformation in the windshield, roof, side windows, 

forward of A-pillar, front side door area above the seat, front side door area below the seat, 

and floor plan/transmission tunnel. In all simulations, the recorded maximum angular 

displacements were below the required MASH limits for flat-level ground.  

Table 41 summarizes the result of different simulations performed with different 

parameters. Based on these simulations performed on sloped-terrain, it was concluded that 

the test article passed all the MASH evaluation criteria for flat-level ground. To verify the 

results obtained through predicted impact simulations, it was suggested to conduct full-

scale crash tests on sloped terrain. It was proposed to test the article with a passenger car 

and pickup truck at high speed impacting the first leg at 25 degrees.
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Table 41. Summary of Finite Element Simulations Performed on Sloped Terrain. 
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9. CONCLUSION 

A large sign slip base support on flat level ground and sloped terrain were developed. It 

was unknown how a breakaway mechanism might perform under impacts that happen on 

sloped terrain rather than on the flat level ground. The large sign support system was 

connected to the ground with a breakaway system. Breakaway support is designed to 

lessen the impact on a vehicle if struck and thereby minimize injury to occupants and 

damage to vehicles. Multiple finite element simulations were conducted to assess the 

crashworthiness of the test article. A full-scale crash test with a pickup truck (2270) on the 

flat-level ground was conducted. Based on the results, a set of full-scale crash tests will 

be performed on sloped terrain to evaluate the crashworthiness of this large sign support 

system.  

The research provides the FHWA and State DOTs with a first understanding of 

how a large sign slipbase breakaway support structure will react to impact events when 

installed on a given slope under MASH 2016 test level 3 impact conditions. Outcomes 

from this research and testing study also support implementation guidelines review for 

large slipbase breakaway support structures on roadside slopes to help with a better 

roadside device design and implementation to reduce the risk of injury and injury severity 

of related crashes. 

A finite element simulation analysis was conducted to determine the most critical 

scenario. Initially, the finite element model was calibrated with an existing full-scale crash 

test of the signpost system. Two different cases were considered for the simulations – on 

the flat-level ground and on sloped terrain. Simulations were performed with the car 
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(1100C) and a pickup truck (2270P) at low speed (19 mph) and high speed (62 mph) as 

per MASH test level 3 requirements. Slope characteristics, however, as well as other 

installation characteristics such as impact angle and impact location were determined from 

the finite element parametric study performed. This analysis characterized the behavior of 

the vehicle once entering and traversing the slope.  

Results showed that the test article on flat level ground when impacted with the 

car (1100C) had acceptable and consistent results. The same article when impacted with a 

pickup truck (2270P) at low and high speed showed some deformations in the roof of the 

vehicle. The deformations were below the maximum permissible limits of MASH. There 

was no deformation in the windshield and other critical areas. The recorded maximum 

angular displacements for all simulations performed on the flat level ground were way 

below the required MASH limits, passing the MASH requirements for vehicle stability. 

The test article passed the performance criteria for MASH Test 3-62 for large 

signboards in full-scale crash test. Modifications were made to the FE models since 

discrepancy was found between the original detailed simulation and full-scale crash test. 

The detailed finite element simulations of the test article on sloped terrain when 

impacted with a car (1100C) and a pickup truck (2270) on low and high speed for different 

parameters such as impact angle, slope, etc. demonstrated acceptable results. There was 

no contact between the signboard and vehicle because of more clear distance and also 

there was no deformation or damage in the windshield and any other critical area. 

Additional vehicle dynamic analysis was performed in CARSIM to evaluate and compare 
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the most critical impact scenarios. The maximum roll and pitch values were around 15 

degrees which are below the required MASH limits for flat-level ground. To verify the 

results obtained through predicted impact simulations, it was suggested to conduct full-

scale crash tests on sloped terrain. 
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10. FUTURE SCOPE OF WORK 

This study was conducted as a portion of the pilot project in an attempt to evaluate the 

crashworthiness of support structures such as large sign supports systems on sloped 

terrain. Following are some suggestions for future research developments:  

1. Further efforts are suggested to validate the full-scale crash test on the flat-level 

ground with the complete FE model of the test article and vehicle. 

2. It is also suggested to validate the developed complete FE model of the test article 

on sloped terrain with the full-scale crash test 

3. The researcher suggests investigating the large sign support system when installed 

in the median between travel ways or on the backslope. 

4. It is also suggested to deploy airbags in future studies to investigate occupant risk 

on frontal impact with the support structure. 

5. Future studies can be conducted to investigate the crashworthiness of support 

structures when installing on a positive slope. 

6. The researcher suggests conducting a similar study to determine the correlation for 

occupant injury risk in frontal impacts with the employment of a dummy to verify 

if similar correlation results are obtained.  

7. Real-world crash data study can be performed to obtain a worst-case scenario for 

vehicular impact on support structures.  

8. A new study can be conducted to develop a testing and evaluation standard section 

in MASH for vehicular impact into support structures on sloped terrain. 
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APPENDIX A 

Table 42. Individual Responses for Question 2 

State Response 

Alabma We only provide standards for ground-mounted signs.  ALL overhead 

sign structures (butterflies, cantilevers, and bridges) require 

contractor designed structures with the sizes, placements, and soil 

information provided in the contract plans.  ALDOT requires 

approved shop drawings, etc. prior to fabrication and installation.  On 

the rare occasion, our Bridge Bureau lets us hang signs on roadway 

bridges, those details are usually provided in the contract bridge 

plans.   

Alaska Highway Preconstruction Manual subsection 1170.7 

Standard Plans: S-00, S-05, S-30, S-31, S-32

See attachment: AK sign support documents.pdf 

Colorado Okay 

Delaware https://www.transpo.com/roads-highways-rh/safety-

products/breakaway-supports/break-safe-sign-post 

Florida https://fdotwww.blob.core.windows.net/sitefinity/docs/default-

source/design/standardplans/2020/idx/700-

020.pdf?sfvrsn=52ca080a_2

https://fdotwww.blob.core.windows.net/sitefinity/docs/default-

source/design/standardplans/2020/spi/spi-700-

020.pdf?sfvrsn=472213e0_2

Illinois IDOT base sheets BAW-A-1 and BAQ-A-2. On our website under 

structures base sheets. 

Iowa Iowa DOT Standard Road Plans can be found at this link - 

https://iowadot.gov/design/stdplne_si 

Standards that apply to the large signs are SI-102, SI-111, SI-112, SI-

113, SI-114, SI-132. 

Louisiana We have another standard for truss mounted overhead signs but those 

are not breakaway and are not crash tested.  If you would like those 

standards as well, please let me know. 

Maryland See Attached 

Michigan https://mdotjboss.state.mi.us/TSSD/getSubCategoryDocuments.htm

?prjNumber=1403888&category=Traffic%20Signing&subCategory

=Signing%20Standards&subCategoryIndex=subcat2Traffic%20Sig

ning&categoryPrjNumbers=1403886,1403887,1403888,1403889,14

03890 
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State Response 

Michigan https://mdotjboss.state.mi.us/TSSD/getCategoryDocuments.htm?cat

egoryPrjNumbers=1403886,1403887,1403888,1403889,1403890&c

ategory=Traffic%20Signing  

Minnesota I-Beam Signs

Missouri see attached 

Ontario See attached 2 standard drawings 

Pennsylvania Standards are found in our Publication 111.  Attached is a specific 

section for Type A signs.   

Tennessee https://www.tn.gov/content/tn/tdot/roadway-design/traffic-

operations-division-resources/standard-traffic-operations-

drawings.html 

T-S-Series

Utah Attached all signing standards. SN15A - SN17D applies to large sign 

supports. 

Washington See attached WSDOT Standard Plans for Large Sign Support 

systems. 

West Virginia Document attached. 

Table 43. Individual Responses for Question 3. 

State Response Comments 

Alabama 

Other 

Our current systems as provided are NOT MASH 

compliant.  We're in the process of evaluating and 

updating. 

Alaska Yes 

Colorado Yes 

Delaware Yes 

Florida Yes 

Illinois Other (Yes, if allowed under MASH) 

Iowa Other (If they meet MASH crash testing, yes.) 

Louisiana 
Other 

(We intend to compare our standards to MASH 

compliant systems and change them as necessary.) 

Maryland 

Other 

Currently, we are not aware of breakaway base 

systems that have been tested for MASH 2016. 

Standards would need to be updated to meet the 

standards for successfully tested systems. 

Michigan No 

Michigan No 

Minnesota Yes 

https://www.tn.gov/content/tn/tdot/roadway-design/traffic-operations-division-resources/standard-traffic-operations-drawings.htmlT-S-Series
https://www.tn.gov/content/tn/tdot/roadway-design/traffic-operations-division-resources/standard-traffic-operations-drawings.htmlT-S-Series
https://www.tn.gov/content/tn/tdot/roadway-design/traffic-operations-division-resources/standard-traffic-operations-drawings.htmlT-S-Series
https://www.tn.gov/content/tn/tdot/roadway-design/traffic-operations-division-resources/standard-traffic-operations-drawings.htmlT-S-Series


215 

State Response Comments 

Missouri 

Other 

I would have to consult with our Safety and Traffic 

Division as to whether or not we currently meet 

MASH with our standards. 

Ontario No 

Pennsylvania 

Other 

The Transpo system that we use in MASH 

compliant, but we may need to make some changes 

to our 

Tennessee Yes 

Utah 

Other 

We are planning on continuing the use of our 

standard based upon the findings of TTI reports 

6782-1 and 6363-1. Based on future testing on 

slopes, changes may be required.  TTI report 6782-

1 Pg 58 states The slip base used in TxDOT large 

guide sign. 

Washington 
Other 

Yes, but we are waiting for the industry to step up 

and become MASH compliant. 

West Virginia Yes 

Table 44. Individual Responses for Question 4. 

State Response Comments 

Alabama 
Other 

Our overhead structures are typically protected by 

a barrier, guardrail, etc. 

Alaska 

Other 

Specifications for Structural Support of Highway 

Signs, Luminaires, and Traffic Signals (1994 

edition) 

Colorado NCHRP Report 

350 

Delaware MASH 

Florida NCHRP Report 

350 

Illinois NCHRP Report 

350 

Iowa NCHRP Report 

350 

Louisiana NCHRP Report 

350 
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State Response Comments 

Maryland 

Other 

Maryland has not performed any crash testing for 

MASH 2016. Our existing standards are based on 

AASHTO Criteria. 

Michigan NCHRP Report 

350 

Michigan NCHRP Report 

350 

Minnesota MASH 

Missouri NCHRP Report 

350 

Ontario NCHRP Report 

350 

Pennsylvania NCHRP Report 

350 

Tennessee NCHRP Report 

350 

Utah 

Other 

NCHRP 350. All the original standards are based 

on the NCHRP 350 test. If TTI reports 6782 and 

6363 can be used as documentation, then we can 

state MASH evaluation. 

Washington 
Other 

(Transpo BreakSafe was approved under NCHRP 

230.) 

West Virginia NCHRP Report 

350 

Table 45. Individual Responses for Question 5. 

State Response Comments 

Alabama Other 

Alaska Other Adapted from Nat'l research via the Standard 

Specifications for Structural Supports for Highway 

Signs, Luminaires, and Traffic Signals 

Colorado Full-Scale 

Crash Test 

Delaware Other Sign Support Program based off of AASHTO 

Specifications 

Florida Full-Scale 

Crash Test 
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State Response Comments 

Illinois Full-Scale 

Crash Test 

 

Iowa Other  Not sure, but they are listed on the FHWA web site. 

Louisiana Full-Scale 

Crash Test 

 

Maryland Other  Maryland has not performed any own testing. 

Existing standards based on successfully tested 

systems. 

Michigan Component 

Testing 

(Pendulum, 

Surrogate 

Vehicles, etc.) 

 

Michigan Component 

Testing 

(Pendulum, 

Surrogate 

Vehicles, etc.) 

 

Minnesota Full-Scale 

Crash Test 

 

Missouri Other  I do not know this answer; our Safety and Traffic 

Division would know this. 

Ontario Full-Scale 

Crash Test 

 

Pennsylvania Component 

Testing 

(Pendulum, 

Surrogate 

Vehicles, etc.) 

 

Tennessee Full-Scale 

Crash Test 

 

Utah Full-Scale 

Crash Test 

 

Washington Other  Dependent upon post size and post shape was either 

by full-scale test or component testing. 

West Virginia Full-Scale 

Crash Test 
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Table 46. Individual Responses for Question 6. 

State Response 

Alabama I believe ALDOT required TL-3 on all our hardware, but most of our 

sign drawings have not been updated in several years.   

Alaska TL-3 

Colorado TL3 

Delaware Mostly TL-3, Some TL-4 

Florida TL-3 

Illinois TL 3 

Iowa Don't know. 

Louisiana We assume our details are NCHRP 350 Test Level 3 compliant 

Maryland AASHTO Pendulum Testing 

Michigan NCHRP 350 

Michigan NCHRP 350 

Minnesota TL-3 

Missouri TL-3 at a minimum 

Ontario TL-3 

Pennsylvania NCHRP 350 and 2001 AASHTO Standard Specifications for 

Structural Supports for Highway Signs, Luminaires and Traffic 

Signals 

Tennessee TL-3 

Utah NCHRP TL-3 

Washington Other than Transpo BreakSafe, the test level was NCHRP 350 TL 3. 

West Virginia NCHRP-350 Test Level 1, 2, and 3 

Table 47. Individual Responses for Question 7. 

State Response 

Alabama Sign placement is design specific in every case.  There are too many 

factors involved to have standard placements.   

Alaska Rural cross-section (no gutter/curb): 12' minimum to the near edge of 

the sign 

Urban cross-section (with gutter/curb): 2' minimum to the near edge 

of the sign 

Because offset is to the edge of the sign, and placement of the sign 

support is dependent on the width of the sign, I cannot provide a 

"usual offset: to the sign support. 

Colorado Curb - 30 feet 

No Curb - 12-15 feet 

Delaware 6 to 12 feet. 
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State Response 

Florida From a Minimum of 12-ft to 40-ft (if possible).  However, once you 

go beyond the clear zone the slope rate is highly variable.  Our slope 

requirement is 1:6 from the shoulder slope break to the clear zone. 

Illinois 30 feet 

Iowa See standard road plan SI-102 

Louisiana It depends on the sign.  Small signs on single posts are typically 2'-0" 

from the edge of the travel way.  Large signs requiring 2 or more 

supports are 15'-0" from the edge of the travel way.  (30'-0" if installed 

on interstates or multi-lane highways) 

Maryland Edge of Sign is typically 6 ft from the edge of the roadway. The edge 

of the sign is a minimum of 6 ft from the edge of the curb in rural 

areas and a minimum of 2 ft from the edge of the curb in urban areas. 

Michigan 20 feet 

Michigan 20 feet 

Minnesota 30 feet 

Missouri the edge of the sign is 6' min. from EOS or face of the curb 

Ontario Minimum 6.5m from edge of the traveled lane to the edge of the 

signboard 

Pennsylvania 30' typical from the edge of pavement (shoulder), 15' minimum.  

Tennessee Refer to T-S-9 

Utah UDOT sign standards are 15' from the edge of traveled way to the 

edge of the sign. Distance to support will vary. Using our MANDLI 

data, our average offset for large signs supports is 14.29'. Distance 

from the edge of the sign to support varies from 1' to 4'. Usual offset 

from the edge of traveled way to sign support is approximated to be 

15.29' to 18.29' for existing signs. 

Washington 
A minimum of 12 feet from the edge of travel way. 

West Virginia 
The attached detail sheet TP3-1B contains this information. Note, the 

table with the suggested offsets based on the slope for 60 mph and 

greater roadways is based on bumper trajectory information that was 

contained in the RDG.   

Table 48. Individual Responses for Question 8. 

State Response Comments 

Alabama Negative 

Alaska Negative 70%-80% 

Colorado None 
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Delaware Negative 

Florida Negative 80% 

Illinois Negative 75% 

Iowa Positive 85% 

Louisiana Negative 95% 

Maryland Negative 

Michigan Negative 85% 

Michigan Negative 85% 

Minnesota Negative 80% 

Missouri Negative 80% 

Ontario Negative 50% 

Pennsylvania Negative 

Tennessee Negative 80% 

Utah Negative 75% 

Washington None 

West Virginia Negative 85% 

Table 49. Individual Responses for Question 9. 

State Response 

Alabama Trapezoidal 

Alaska Shallow "V" 

Colorado Shallow "V" 

Delaware Shallow "V" 

Florida Trapezoidal 

Illinois Shallow "V" 

Iowa Trapezoidal 

Louisiana Deep "V" 

Maryland Shallow "V" 

Michigan Shallow "V" 

Michigan Shallow "V" 

Minnesota Shallow "V" 

Missouri Trapezoidal 

Ontario Deep "V" 

Pennsylvania Shallow "V" 

Tennessee Shallow "V" 

Utah Shallow "V" 

Washington Shallow "V" 

West Virginia Shallow "V" 
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Table 50. Individual Responses for Question 10. 

State Response 

Alabama This is too site-specific to answer generally. 

Alaska Not typically placing larger signs (like interchange sequence signs) in 

medians except as required by MUTCD, such as one-way, wrong-

way, at-grade intersection signs (stop or yield), or object markers on 

the nose of raised medians. 

Colorado These types of signs are not typically located in medians.  Exceptions 

apply, slopes greater than 3:1 require the use of guardrail.  The offset 

distance is completely dependent on the median width but could be 

as small as 4-5 feet. 

Delaware 2 feet, 4% 

Florida Yes, Slope 1:8 with a typical offset of 12-ft to 14-ft 

Illinois occasional 4:1 at 30 feet offset 

Iowa A most common type of median is in the exit gore area.  Offset is a 

minimum of 6' 

Louisiana We do not typically install signs in the median. 

Maryland Yes, varies 

Michigan Yes, usually 1 on 4. 

Michigan Supports are used in medians. 1:4 

Minnesota no 

Missouri We try to limit sign installations in the median.  Our typical median 

slope is 5.5:1 and offsets are typically 6' min. from EOS. 

Ontario Large signs are not constructed in depressed medians in Ontario 

Pennsylvania Type A signs are not installed in medians.  

Tennessee Divided freeway depressed median slopes are typically 6:1 offset is 

the same. 

Utah Signs are allowed in medians. 4:1 to 6:1 is the range for the average 

median slope. We do have some signs on 3:1 back slopes. 

The average offset for median mounted signs is 11.08'. Distance from 

the edge of the sign to support is 1' to 4'. Offset from the edge of 

traveled way to sign support is approximated to be 12.08' to 15.08'. 

Washington The perforated square steel tube posts are installed in the median.  

Typically on 6H:1V or flatter slope and a minimum of 12 feet from 

travel way. 

West Virginia Typically only signs that are required to be dual installed. Signs of 

that type are typically smaller size signs and are installed typically on 

S4x7.7 supports. The slope is typically 4:1 or flatter. offset 

information contained on attached detail TP3-1B 
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Table 51. Individual Responses for Question 11. 

State Response 

Alabama NA 

Alaska NA 

Colorado Attached 

Delaware DE MUTCD 

Florida NA 

Illinois NA 

Iowa NA 

Louisiana NA 

Maryland NA 

Michigan NA 

Michigan https://mdotjboss.state.mi.us/TSSD/getCategoryDocuments.htm?cat

egoryPrjNumbers=1403886,1403887,1403888,1403889,1403890&c

ategory=Traffic%20Signing 

Minnesota Attached 

Missouri NA 

Ontario Attached 

Pennsylvania NA 

Tennessee NA 

Utah https://www.udot.utah.gov/main/f?p=100:pg:0:::1:T,V:4715, 

Washington Attached 

West Virginia NA 

Table 52. Individual Responses for Follow-up Question 1. 

State Response 

Alabama W6X12; W8X18 

Alaska Largest signs are used using w-sections 

Colorado W6X15 

Delaware - 

Florida W6X12 

Illinois W14X38 

Iowa W6X12; W8X21; W12X26 

Louisiana W6X12; W8X18 

Maryland W8X21; W10X26; W14X30 

Michigan 3# Steel 

Michigan 3# Steel 

Minnesota W6X20; W8X24; W8X28 

Missouri W6X9; W6X15; W8X15 

https://www.udot.utah.gov/main/f?p=100:pg:0:::1:T,V:4715,
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State Response 

Ontario W8X28; W8X31; W8X40 

Pennsylvania - 

Tennessee W6X15; W6X20 

Utah W10X19; W10X26 

Washington Square 2.5" tube 

West Virginia S4X7.7 - 40%; W6X12 - 30%; 

W8X18 - 25%; W10X22 - 5% 

Table 53. Individual Responses for Follow-up Question 2. 

State Response 

Alabama It depends on wind loading and moment arm. 

Alaska For 100 mph: W6X20: Area: 46-60 sqft per post; Height: 11 ft- 15 ft 

Colorado It depends on wind loading and moment arm. (Attached Excel) 

Delaware - 

Florida - 

Illinois 7 Posts: 40ft x 10ft; 

3 Posts: 20ft x 14ft 

Iowa Depends on Moment Arm;  

Rule of Thumb:  

W6X21: 80sqft;  

W8X21: 130sqft;  

W12X26 (2-post): 200sqft; 

W12X26 (3-post): 300sqft 

Louisiana For Wind Pressure 42 lb/sqft: W6X12: 11ftx3ft; W8x18: 19ftx3ft 

Maryland For the non-breakaway system 

2 Post:  

W8X21: 30ft x 18ft x 4ft; 

W10X26: 30ft x 20ft x 5ft;  

W14X30: 30ft x 20ft x 6ft 

3 Post: 

W8X21: 30ft x 20ft x 5ft; 

W10X26: 30ft x 20ft x 7ft;  

W14X30: 30ft x 20ft x 8ft 

Michigan 3# Steel: 7.5 sqft 

W8X13: 45-150 sqft 

W8X18: 150-230 sqft 
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State Response 

Michigan 3# Steel: 7.5 sqft 

W8X13: 45-150 sqft 

W8X18: 150-230 sqft 

Minnesota W6X20: 50-155 sqft;  

W8X24: 80-240 sqft;  

W8X28: 90-280 sqft 

Missouri W6X9: 8' x 13' to 30' x 5'; 

W6X15: 8' x 19' to 30' x 8'; 

W8X15: 25' x 12' to 30' x 11' 

Ontario W8X40: 142" x 236" 

Pennsylvania - 

Tennessee Details not available for W sections. 

Utah - 

Washington 1 Post: 16 sqft; 

2 Post: 32 sqft 

3 Post: 48 sqft 

West Virginia Sign Area per pole for maximum dimension between the bottom of 

sign plate and center of sign: 

S4X7.7 - 0-15 sqft; W8X18 - 20-55 sqft; 

W6X12 - 0-20 sqft; W10X22 - 55-90 sqft 

 

Table 54. Individual Responses for Follow-up Question 3. 

State Response 

Alabama The current standard is 4 ft wide (at the bottom) trapezoidal ditch 

for traversability reasons, but signposts are not allowed in them. 

Alaska Sign slopes are installed on the slopes, not in the ditch bottom. 

Colorado It can be installed anywhere based on engineering judgment. 

2' on both sides of sign + sigh width 

Delaware - 

Florida - 

Illinois Entire sign on a negative slope. The width of the ditch is intensely 

variable. 

Iowa Usually installing a sign in the ditch is avoided. 

10 ft wide ditch is common in regard to the standard design. 

Louisiana Most interstates and major highways don't have ditch. 

Ditches vary all over the state. 

Maryland Varies from site to site 

Michigan Several different cross-sections are used. 



225 

State Response 

Michigan Several different cross-sections are used. 

Minnesota The ditch is usually wider that sign 

Missouri Do not have any specs with regard to ditches. 

Typically footing is kept out of the flow line of the ditches to avoid 

erosion. 

Most of the ditches are not the wide flat bottom like the image. 

Ontario Width of ditches varies depending on the terrain, height of 

embankment and right of way width. 

The typical ditches slope is 3:1. 

Pennsylvania Width of the ditch should be less than 22' in order for a 2 post sign 

to completely span it. 

Tennessee Attached 

Utah Information not available and it varies greatly 

Washington Standard is to place sign 4 ft from the centerline of the ditch on the 

back slope. 

West Virginia Placements of supports within ditches are discouraged. 
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APPENDIX B 

Figure 90. Supporting Certification Document 
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Figure 91. Supporting Certification Document
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Figure 92. Supporting Certification Document 
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Figure 93. Supporting Certification Document 
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Figure 94. Supporting Certification Document 
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Figure 95. Supporting Certification Document 
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Figure 96. Supporting Certification Document
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Figure 97. Vehicle Properties and Information. 
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Figure 98. Measurments of Vehicle Vertical CG 
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Figure 99. Exterior Crush Measurement 
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Figure 100. Occupant Compartment Measurement 
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Table 55. Crash Test Sequential Photographs 
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Table 55. Crash Test Sequential Photographs (Cont.) 
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Figure 101. Vehicle Angular Displacements 
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Figure 102. Vehicle Longitudinal Accelerometer Trace 
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Figure 103. Vehicle Lateral Accelerometer Trace 
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Figure 104. Vehicle Vertical Accelerometer Trace 

 


