BJSuel| Abojouyose | ® Uyoreasay

sal|Ioe4 aljgnd % uoneuodsueld | Jo Juswuedaq eysely

ALASKA DEPARTMENT OF TRANSPORTATION

Guardrail End Terminal Rating
and Comparison Survey

Prepared by: Stephen P. Mattingly
Assistant Professor
Department of Civil and Environmental Engineering
Transportation Research Center
Institute of Northern Engineering
University of Fairbanks Alaska
PO Box 755900
Fairbanks AK 99775

July 2002

Prepared for:

Alaska Department of Transportation
Statewide Research Office

3132 Channel Drive

Juneau, AK 99801-7898

FHWA-AK-RD-02-05



Form approved OMB No.
REPORT DOCUMENTATION PAGE

Public reporting for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestion for reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington,
VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-1833), Washington, DC 20503

1. AGENCY USE ONLY (LEAVE BLANK) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

FHWA-AK-RD-02-05 July 2002

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Guardrail End Termina Rating and Comparison Survey

6. AUTHOR(S)

Stephen P. Mattingly

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
Ingtitute of Northern Engineering

Transportation Research Center

Department of Civil and Environmental Engineering

University of Alaska Fairbanks

PO Box 755900

Fairbanks AK 99775

8. PERFORMING ORGANIZATION REPORT
NUMBER

FHWA-AK-RD-02-05

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING AGENCY

REPORT NUMBER
State of Alaska, Alaska Dept. of Transportation and Public Facilities
Research and Technology Transfer

2301 Peger Rd

Fairbanks, AK 99709-5399

FHWA-AK-RD-02-05

11. SUPPLENMENTARY NOTES

12a DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

No restrictions

13. ABSTRACT (Maximum 200 words)

This report evaluates guardrail end terminals for use in the State of Alaska which has unigque winter maintenance concerns. With significant snowfall levels and cold
temperatures, Alaska needed to identify an end terminal that can withstand these conditions and can be readily repaired while acknowledging the limitations of frozen
grounds. The study collects product data from seven different vendors, and eight northern tier state Departments of Transportation. While the study tends to focus on
winter repair and replacement, the study collects general information regarding the terminals cost and installation as well as product quality and compatibility.

A decision maker isinterviewed and multi-attribute value function (MAVF) theory is applied to generate an additive value function for end terminal value. During the
interview, some threshold values for criteria are established and those aternatives that fail to reach this value are discarded. The alternatives are then rank ordered. The
second approach uses alinear relationship to rescale each attribute to generate a rank ordering of aternatives, and the third strategy simply combines the attribute ranks
for each alternative to establish their rank order. Based on the limited data set a definitive selection of asingle alternative isimpossible, but recommendations are made.

15. NUMBER OF PAGES
14- KEYWORDS::
GUARRAILS, GUARDRAIL TERMINALS, ROAD SAFETY, TRAFFIC SAFETY, HIGHWAY SAFETY, SNOW PLOWS,

DURABILITY, DAMAGE, TRAFFIC CONTROL DEVICES, WEATHERING, AGING, WEAR, DETERIORATION,

EVALUATION, ANALYSIS 16. PRICE CODE

N/A

17. SECURITY CLASSIFICATION OF
REPORT

Unclassified

18. SECURITY CLASSIFICATION
OF THIS PAGE

Unclassified

19. SECURITY CLASSIFICATION
OF ABSTRACT

Unclassified

20. LIMITATION OF ABSTRACT

N/A

NSN 7540-01-280-5500

STANDARD FORM 298 (Rev. 2-98)
Prescribed by ANSI Std. 239-18 298-10




GUARDRAIL END TERMINAL
RATING AND COMPARISON SURVEY

FINAL REPORT

Prepared for
Alaska Department of Transportation & Public Facilities

Principal | nvestigator
Stephen P. Mattingly, Assistant Professor

Department of Civil and Environmental Engineering
Transportation Research Center
Institute of Northern Engineering
University of Alaska Fairbanks
P. O. Box 755900
Fairbanks, Alaska 99775

Report # FHWA-AK-RD-02-05
July 2002



TABLE OF CONTENTS

TABLE OF CONTENTS i

LIST OF FIGURES i

LIST OF TABLES i

ACKNOWLEDGEMENTS iv
SUMMARY OF FINDINGS 1
CHAPTER 1-INTRODUCTION AND RESEARCH APPROACH 3
1.1 PROBLEM STATEMENT AND RESEARCH OBJECTIVE 3
12 SCOPE OF STUDY 4
13 RESEARCH APPROACH 4
CHAPTER 2 - FINDINGS 7
2.1 STATE-OF-THE-ART SUMMARY 7
2.2 VENDOR SURVEY RESULTS 7
2.3 NORTHERN TIER STATE DOT SURVEY RESULTS 9
24 DECISION-MAKER INTERVIEW RESULTS 11
25 DECISION ANALYSIS 13
25.1 Combined Rankings 13

25.2 Scaled Criteria 14

2.5.3  Multi-Attribute Value Function 16
CHAPTER 3- INTERPRETATION, APPRAISAL, AND APPLICATIONS 18
3.1 IMPLICATIONS OF SURVEY AND ANALYSIS 18
3.2 GENERAL RECOMMENDATIONS 19
CHAPTER 4 - SUGGESTED RESEARCH 21
APPENDIX A-—COMPLETE STUDY RESULTS 23
APPENDIX B —DECISION-MAKER DETAILS 29
APPENDIX C —ET-2000 APPROVAL LETTERS 35
APPENDIX D —SRT-350 APPROVAL LETTERS 65
APPENDIX E —SKT APPROVAL LETTERS 105
APPENDIX F—FLEAT APPROVAL LETTERS 125

APPENDIX G -—WYBET APPROVAL LETTERS 159




Figure2.1
Figure 2.2

Figure 2.3

LIST OF FIGURES

Terminal Vaue Hierarchy with Decision-Maker Weights
Vendor Branch with Decision-Maker Weights

User (DOT) Branch with Decision-Maker Weights

Page
11
12

12



Tablel

Table2.1

Table2.2

Table2.3

Table2.4

Table2.5

LIST OF TABLES

Terminals Eliminated from Further Consideration
Vendor Survey Results

Northern Tier State DOT Survey Results
Combined Ranking Guardrail End Terminal Vaues
Scaled Criteria Guardrail End Terminal Values

MAVF Guardrail End Terminal Values

Page

10
14
15

17



ACKNOWLEDGEMENTS

The Transportation Research Center, Institute of Northern Engineering, University of
Alaska-Fairbanks (UAF) conducted this research under Alaska DOT& PF Project 74786:
Showplow Survivability of Guardrail Terminals. Stephen P. Mattingly, Assistant
Professor of Civil and Environmental Engineering, served as the principal investigator
and authored this report with the assistance of Blake Larson, Student Assistant, UAF and
Jason Sakalaskas, Student Assistant, UAF. Kurt Smith, State Traffic Engineer, Alaska
DOT& PF provided critical assistance in the identification of evaluation criteria, the
development of value functions and assignation of criteria weights necessary for
aternative assessment. Billy Connor, Research Manager, Alaska DOT& PF and Clint
Adler, Research Engineer, Alaska DOT& PF, showed great patience throughout the
project and provided guidance in determining the evaluation criteria and overall project
management. The author of this report recognizes Zhongguo (John) Ma's, Assistant
Professor of Civil and Environmental Engineering, UAF, contributions as principal
investigator of the Alaska DOT& PF Project # 74500: Showplow Survivability of
Guardrail Terminals.



ABSTRACT

This report presents an evaluation of guardrail end terminals for possible use in the State
of Alaska, which has unique winter maintenance concerns. With significant snowfall
levels and cold temperatures, Alaska needs to identify an end terminal that can withstand
these conditions and can be readily repaired without having to deal with the frozen
ground. The study collects product data from seven different vendors, and eight northern
tier state Departments of Transportation. While the study tends to focus on winter repair
and replacement, the study collects general information regarding the terminals cost and
installation as well as product quality and compatibility. Although ease of replacement
and terminal compatibility remains extremely important to the Alaska Department of
Transportation and Public Facilities (DOT& PF), this report fails to provide significant
insight to these issues.

Three different decision-making techniques are applied with similar results. In one, a
decision-maker is interviewed and multi-attribute value function (MAVF) theory is
applied to generate an additive value function for end terminal value. During the
interview, some threshold values for criteria are established and those alternatives that
fail to reach this value are eliminated from consideration. Through the application of
MAVF, the dternatives are rank ordered. The second approach uses alinear relationship
to rescale each attribute to generate arank ordering of alternatives, and the third strategy
simply combines the attribute ranks for each alternative to establish their rank order.
Based on the limited data set (at most a sample size of eight and in two cases a sample
size of one), adefinitive selection of a single alternative isimpossible but
recommendations are made.



SUMMARY OF FINDINGS

This study identifies minimum acceptable levels over certain attributes that pertain
directly to winter maintenance of guardrail end terminals. All terminals within the State
of Alaska need to have an option of a steel or wood post and the Alaska Department of
Transportation and Public Facilities (DOT&PF) may want to consider only stockpiling
steel posts for use in winter replacements based on vendor recommendations.
Additionally, those posts that cannot be sleeved in any particular terminal design are
extremely difficult to replace during winter months. At this time, this study excludes
terminal designs that have fewer than two posts that can be sleeved in its design;
however, this study recommends that the Alaska DOT&PF exclude any tangential
terminals that cannot have every post sleeved.

The study provides a preliminary ranking of the feasible alternatives based on three
different ranking strategies, multiattribute value functions (MAVF), combined rankings
and scaled criteria; however, a clearly optimal aternative, for either tangentia or flared
guardrail end terminals (GETS), fails to emerge during this study. The primary options
for both tangential and flared terminals have generally similar characteristics where price
is the only objective factor to separate the competing products. From the user's
perspective, each state has their own preferences for the competing products, but the
differences between the alternatives is not significant enough for a clear choice to
emerge. Each of the products typically has a variety of options available for use in each
specific application. These options must be carefully specified to meet the Alaska
DOT& PF s need to repair and replace GETs above ground during the long winter season.
Any GET specified for use in Alaska needs to meet the following criteria:

(1) Theterminal design must meet NCHRP Report 350 Test Level 3 standards.
(2) All terminals within the State of Alaska need to have an option of steel or wood posts.

(3) All postsfor tangential terminals and the first two postsin flared terminals need to
have the option of soil tube, hinge or similar strategy that facilitates above ground

repair.

The Alaska DOT& PF needs to minimize maintenance training requirements, reduce
stockpiling needs, and improve terminal and part compatibility. These needs can be
partially met by lengthening the period of time that an agency is committed to a particular
vendor for flared and tangential GETs. The Federal Highway Administration (FHWA)
may permit the Alaska DOT& PF to award afive-year sole source contract that is fully
competed; this report recommends that Alaska DOT& PF pursue such an award as long as
the selected terminal meet the af orementioned specification requirements. Such an
award will not eliminate all of the Alaska DOT& PF' s maintenance concerns, but
stockpiling and training needs will be reduced.



At thistime, this study recommends that some terminals be excluded from further
consideration as shown in Table . These terminals must be eliminated because they
currently fail to meet the previoudly discussed specification criteria.

Tablel. Terminals Eliminated from Further Consideration

Vendor Terminal Type Reason
All Vendors BRAKEMASTER Concrete anchorg/slab
All Vendors REGENT Only wood posts
Universal Industrial Sales, Utah BEST No sleeves/Only wood posts
Trinity Industries CAT Only wood posts

With the limited differentiation amongst the alternative end terminals across many of the
aternatives, the identification of a single tangential and flared terminal for preferred
usage statewide may require a demonstration program; additionally, a demonstration
program may increase maintenance personnel confidence that the selected terminal
design can usually be repaired during the winter season after it is damaged. A more
extensive user survey effort may prove beneficial; however, it may fail to provide further
insight because additional personnel with the requisite knowledge, specifically winter
performance and above ground repairs, to participate may be difficult to identify. A new
study that tracks the above ground track record of many terminal types and models across
different environmental conditions and geographic locations may also provide a new
level of understanding of one of the most critical attributes within thisreport’s
investigation. In order to select an optimal terminal, additional research will likely be
required; however, the specification of appropriate end terminal attributes will improve
the winter repair and replacement of Alaska's GETS.



CHAPTER 1- INTRODUCTION AND RESEARCH APPROACH

1.1  Problem Statement and Resear ch Objective

The W-beam guardrail has traditionally been the first choice for use in protecting the
motoring public from serious roadside hazards. This wide usage results from its
favorable safety record, ease of construction and repair, and low cost. One trouble spot
for this system has been the difficulty in safely treating the end of the barrier. Asaresult,
since the 1960s, research in guardrails has been focused on guardrail end treatment.
Tests indicated that the standard terminal section (37 %2 ft. long) was extremely
dangerous. A collision with untreated guardrail will have severe results for vehicle and
its occupants. Safety improvements in terminal design have continued from these initial
studies. The most recent advancement in terminal design focuses on new Federa
Highway Administration (FHWA) requirements.

An important milestone in the development of the terminals is the FHWA requirement
that all safety devices installed on federal-aid highways after September 1998 meet the
new National Cooperative Highway Research Program (NCHRP) Report 350 standards
(Ross et al., 1993). To meet the new NCHRP 350 standards, several new terminals have
developed, including the slotted rail terminal (SRT), the ET-2000, the beam-eating steel
termina (BEST), the sequential kinking terminal (SKT), and the flared W-beam guardrail
termina (FLEAT). The variety of new terminals that meet NCHRP 350 standards makes
the identification of appropriate terminals for use in the State of Alaska difficult. Each of
these terminals has its own design, installation, and repair procedures as well as parts that
may or may nhot be interchangeable with other terminal designs. The State of Alaska has
observed that the new guardrail end terminals (GETs) do not always withstand winter
snow removal activities effectively. Ma and Mattingly (2000) provides anecdotal
evidence of the causes of these failures, and some potential mitigation schemes. Ma and
Mattingly (2000) identify marking strategies and increased operator care as two likely
mitigation strategies. The State of Alaska Department of Transportation and Public
Facilities (DOT&PF) would like to minimize maintenance costs by identifying the
terminals that have performed well in other applications, are compatible with cold region
snow removal activities and can share similar repair parts. Additionally, other
institutional costs associated with each terminal need to be assessed to determine the
actual costs for each terminal.

To minimize liability concerns and maintain a safe roadway environment, the Alaska
DOT& PF need to be able to repair damaged end sections of guardrail in atimely manner.
The Alaska DOT&PF needs to identify the safest, most reliable, tangential and flared
end-terminals which can be repaired above ground during winter time months. An
appropriate GET has the potential to greatly reduce repair, maintenance and training costs
for the Alaska DOT&PF. Furthermore, the selection of a single alternative will greatly
reduce the quantity of spare parts that the maintenance yards must stockpile, decrease the
quantity of training required for maintenance personnel, and ease terminal replacement.



This study provides a matrix of key information for determining which guardrail end
terminals are acceptable for use on state roads and makes an initial recommendation as to
the best aternative.

1.2  Scope of Study

This project focused on guardrail end terminals that are currently manufactured and
available for shipment to Alaska. This research used targeted surveys to obtain vendor
descriptions of their products while targeting external agencies to obtain relatively
unbiased assessments of the alternative GETs. The study includes seven GET vendors
including, Bryson Products, Trinity Industries, Universal Industrial Sales, Gregory
Highway Products, R.G Steel Corp., Road Systems, and Highway Safety Corp. All of the
targeted external agencies experience significant snowfalls during the winter months.
Only states that experience extensive snowfall events were considered as possible data
sources and thus targeted as part of the survey.  While fifteen state DOTs were
considered and contacted as part of this survey, the study identified personnel in eight of
the targeted states that had enough knowledge of the GETs to participate in the survey.
Wyoming, Montana, Minnesota, Michigan, Utah, Oregon, Washington, and ldaho
provided data for this study. These states represent a good data set because they
experience similar winter conditionsto Alaska.

1.3  Research Approach

During the preliminary study, the Alaska DOT&PF has identified many key concerns
related to GET winter maintainability. Additionally, the Alaska DOT& PF has indicated
some other general criteria for evaluating potential GETs. This project uses a vendor
survey and external Department of Transportation (DOT) survey to gather two separate,
relevant data sets, which include the aforementioned criteria, which are necessary for
evaluating aternative GETs. Two separate data sets are used because the vendors are
most likely to provide detailed product information; however, external agencies remain
more likely to provide accurate, unbiased data regarding product performance criteria.
The information obtained in these surveys populates two matrices for use in comparing
the aforementioned criteria across aternatives. The rest of this section describes the
potential evaluation criteria and the process for obtaining the data to complete the two
matrices.

The vendor survey focuses on obtaining a detailed product description. The most
important criterion for this study is that all alternatives must at least be compliant with
the NCHRP 350 Test Level — 3. Most of the criteria focus on repairing and replacing
GETs during winter conditions. Sleeved posts tend to be easier to replace during the
winter as opposed to unseeved posts that must be driven into frozen soil. This study
identifies the number of sleeves for each of the products. Asidentified in the preliminary
study (Ma and Mattingly, 2000), maintenance workers prefer steel posts to wood posts,



especially when unsleeved, because they can be driven into frozen ground more readily.
For each of the products, the vendors identify if a steel post is available. Some of the
vendors have innovative strategies to make replacing the GETs easier, such as hinged
posts; the study seeks to obtain this information as well. The vendors provide their
assessment of the viability of above ground and winter replacement for each of their
products. While bias may exist, the vendors rate their products for ease of installation
and complexity to maintain and repair on a scale of one to seven. This information can
identify if some products may require more training than others and may result in greater
maintenance costs. Finally, the study includes other general descriptive criteria, such as
flare offset, cost, delivery time and compatibility. All of the data for these criteria must
be obtained from the product vendors and can be collected by using the vendor websites
and conducting brief telephone interviews with sales representatives.

In order to identify alarge selection of alternatives, this study uses an Internet search to
identify seven major end-terminal vendors that distribute to State DOT’s. In the cases
where companies did not have adequate web facilities, the study acquires the vendor
contact information from other agencies. After examining a vendor's website and
marketing materials, a researcher contacts the vendor for a phone interview, which may
last between fifteen and thirty minutes. As much information as possible is gleaned from
the Internet and marking materials review, but all of this data is confirmed during the
interview and any gaps filled. During the interview, the interviewer requests that the
vendor identify agencies that currently use their product. Unfortunately, Sunbelt states,
which the researchers deem unsuitable for inclusion in this investigation, seem to be the
preferred references for most of the vendors. By using Internet research and DOT
contacts, this study examines seven vendors. Bryson Products, Trinity Industries,
Universal Industrial Sales, Gregory Highway Products, R.G Steel Corp., Road Systems,
and Highway Safety Corp. This study examines the wide variety of GETs that the
vendors produce including, FLEAT, SKT, REGENT, BRAKEMASTER, SRT 350, ET-
2000, CAT, and BEST. The state of Wyoming has developed an end-terminal called the
WYBET, which Trinity Industry distributes. The vendor matrix provides the essential
descriptive information for each product and section 2.2 discusses the completed matrix
in detail.

The DOT survey asks for an unbiased assessment of the alternative GETs over the
criteriaidentified by the research team and Alaska DOT&PF. Once again, winter repair
and replacement of the GETs figures prominently in the evaluation. The agencies
provide their assessment of the viability of above ground and winter replacement for each
of the GETs that they use. Beyond the previous criteria that closely mirror two similar
criteria from the vendor survey, the DOTSs assess the GETS snow load resistance. The
study also includes several genera criteria for comparing GETs where many of these
criteria are rated on a one to seven point scale. Firstly, the agencies give each terminal an
overall rating and assess the product’s quality and performance. Similarly, the survey
participant rates the customer service associated with each of the products. More criteria
attempt to explain the maintainability of the terminals. The agencies rate each terminal’s
overall maintainability and compatibility with other terminals. Another criterion
describes the average repair cost in dollars per repair. In addition to cost, the man-hours



the amount of time required to complete the repair is important, and the length of time
required to train maintenance workers to repair each type of terminal. Asidentified in the
preliminary study (Ma and Mattingly, 2000), maintenance workers prefer older versions
of the guardrail terminals where the posts may be reusable after the terminal is struck.
The interviewer queries the DOTSs to determine if any of the new terminals possess this
characteristic. Thisdatais collected using a phone survey.

The DOT matrix provides an unbiased assessment of each product’ s relevant criteria.
Theinitial contact numbers for every state DOT can be found on the FHWA homepage
on the Internet (http://www.fhwa.dot.gov/webstate.ntm), but finding the proper contact
within other state DOTSs proves to be a difficult task. When the researchers are unable to
locate an individual within a DOT to adequately complete the survey, the DOT must be
eliminated from the study. The phone interview for this portion of the study tendsto be a
little longer (20-40 minutes) than the vendor survey because al of the necessary
information must be obtained during the interview rather than merely confirmed. In
addition to completing al of the appropriate matrix cells, the interviewer attempts to
ascertain the other DOT’ s experiences with winter maintenance operations and the new
GETs. Each of the DOT’ s guardrail marking strategies is particularly interesting.
Section 2.3 discusses the completed matrix in detail while section 3.1 examines the
implications of both surveys.



CHAPTER 2 - FINDINGS

21  State-of-the-Art Summary

Limited literature exists regarding GETs and most of the literature that does exist focuses
on crash testing and product development as opposed to evauating alternative end
terminals. Denman and Welch (1999) describe the development and testing required to
meet NCHRP Report 350 (Test Level 3) standards. They test the redirective and gating
end terminal (REGENT) system attached to both wood and steel downstream guardrail
posts. The report by Snyder (1995) describes a demonstration program of two end
termina treatment systems, the C-A-T and the BRAKEMASTER, conducted by the
Pennsylvania Department of Transportation. This work appears quite interesting because
it examines the installation procedures, costs, accident-related data and service and
maintenance information for each system over a thirty-two month period. Unfortunately,
this study has no direct impact on this research because it examines systems designed
prior to NCHRP Report 350. This study’s investigation did not find any more recent
demonstration programs that look at the new treatment systems.

Asindicated in Maand Mattingly (2000), snow country states have experienced
difficulties with the new GETSs; however, only one of the seventeen agencies polled
believes that their GETs may fail asaresult of snow loads. Since significant failures due
to snow loads seems unlikely, the most significant threat to GETs seems to be snow
removal equipment striking the terminal. In the absence of any other supporting
literature, this study must go forward with its own data collection effort.

2.2 Vendor Survey Results

The critical results from the vendor survey are displayed in Table 2.1 while the complete
study results can be found in Appendix A. All of the GETsthat this study examines meet
the standards from NCHRP Report 350 (Test Level 3). During the survey, the vendors
state that no special tools are required to install or repair any of the guardrail terminals
that this report investigates; furthermore, any standard guardrail crew can be expected to
install or repair these terminals. No terminals seem to be compatible with the existing
SRT 350 and ET 2000 terminals that Alaska DOT& PF currently uses. The materials cost
that the vendorsidentify is adelivered cost, and the variance that exists in some of these
costs depends on the quantity ordered. The vendors generally lack knowledge regarding
the installation costs of their products, and even if they possess some knowledge of these
figures they may be loathe to provide a potentia installation price. In the absence of
installation costs, one vendor identifies the likely time required to install the company’s
products. The material prices for the end terminals vary widely between $700 and
$2,800; however, when the CAT and BRAKEMASTER terminals are excluded, the price
only varies between $700 and $1,400. None of the vendors have Alaska dedlers, and the
delivery timesremain similar across all of the vendors with the expected delivery time
ranging between seven and fourteen days. Many terminal types have steel posts available



Table2.1. Vendor Survey Results

while afew must be either steel or wood. While the vendorsfail to provide installation
costs, they provide awealth of information regarding their product’ s specifications.

. Actual Cost Steel
Manufacturer Terminal Name Number of Sleeves Materials Post?
FLEAT 7 posts, 2 leeved $1,200 Wood (steel option)
Bryson Products, |SKT 8 posts, 2/4/8 sleeves $1,200 Wood (steel option)
Mississippi REGENT 11 posts, 2 sleeved $1,200 All Wood
BRAKEMASTER |Concrete Slab $2,500 All Steel
SRT 350 6/8 posts, 2 sleeved* $900 Wood (steel option)
Trinity Industries |ET 2000 8 posts, up to 8 sleeved? $1,200 Wood (steel option)
CAT 6 posts, 6 Sleeved $2,500 All Wood
BEST 6 posts, 2 seeved N/A All Wood
) . [FLEAT 7 posts, 2 sleeved $805 Wood (steel option)
szgllgseril a:]ndustrlal SKT 8 posts, 2/4/8 sleeves $1,015 Wood (steel option)
' REGENT 11 posts, 2 sleeved $800 All Wood
BRAKEMASTER [Cemented Anchors $2,600-$2,800 | Wood and Steel
Gregory Highway [SKT 8 posts, 2/4/8 sleeves $1,000-$1,400 | Wood (steel option)
Products, Ohio FLEAT 7 posts, 2 sleeved $900-$1,000 |Wood (steel option)
RG. Sted Cor FLEAT 350 7 posts, 2 sleeved $1,000-$1,100 | Wood (steel option)
Penn lvania P REGENT 11 posts, 2 sleeved $700-$800 All Wood
Y SKT 350 8 posts, 2/4/8 seeves $1,300-$1,400 | Wood (steel option)
FLEAT 7 posts, 2 sleeved $1,000-$1,100 | Wood (steel option)
Road Systems g7 8 posts, 2/4/8 Seeves | $1,300-$1,400 | Wood (stedl option)
Highway Safety  |[FLEAT 350 7 posts, 2 sleeved $1,000-$1,100 | Wood (steel option)
Corp., Ohio SKT 350 8 posts, 2/4/8 sleeves $1,300-$1,400 | Wood (steel option)

1- Trinity Industry products can only use wooden postsin their sleeves; however, steel hinged posts are available instead

The vendors al identify the complexity of their products, especialy in referenceto
installation and repair; these values range from four to seven on a seven point scale with
seven being most complex. Most of the vendors aso rate the ease of installation for their
products on a seven point scale with values once again varying between four and seven.
In al cases, the vendors have no reference with which to evaluate the resistance of their
products to snow removal activities. Above ground repair seems possible with al of the
terminals as long as the installation utilizes soil tubes. Similarly, al vendors state that
steel posts are necessary for any wintertime removal or replacement. The wood posts on
some end-terminals tend to break apart when driven into frozen ground. One vendor
provides an example of thiswintertime repair. The North Dakota DOT uses guardrail
terminals with steel posts and soil tubes, and they can successfully execute winter repairs
and replacements. While North Dakota winters may not be as severe as Alaskan winters,
this provides valuable insight into possible strategies for the Alaska DOT& PF.



Table2.1. Vendor Survey Results (cont’d)

. Ease of Complexity | .
Manufacturer Terminal Name Installation (1-7) (1-7) Hinged Posts

FLEAT N/A 7 No
Bryson Products, SKT N/A 6 No
Mississippi REGENT N/A 5 No
BRAKEMASTER N/A 4 No

SRT 350 5 5 Yes, 2 posts

Trinity Industries ET 2000 7 7 Y es, 8 posts
CAT 4 4 No
BEST 6 6 No
Universal Industrial FLEAT ! ! No
Sales. Utah SKT 7 7 No
’ REGENT 5 5 No
BRAKEMASTER 4 4 No
Gregory Highway SKT N/A 7 No
Products, Ohio FLEAT N/A 7 No
FLEAT 350 7 7 No
Eéﬁh ;‘ﬁ/e'an?;’rp" REGENT 5 4 No
SKT 350 5 7 No
FLEAT 6 6 No
Road Systems SKT 6 6 No
Highway Safety FLEAT 350 6 6 No
Corp., Ohio SKT 350 6 6 No

2.3 Northern Tier State DOT Survey Results

Although the researchers attempt to contact numerous northern tier states during this
study, only eight state DOTs elect to participate. While these sample sizes appear to be
small (even smaller with respect to individual terminal types), they actually represent a
significant percentage of the population of northern tier states, where at most twenty
states can be classified as northern tier states. In this context, the study has received
responses from forty percent of the population with response rates for individual terminal
types possibly being higher or lower than this value because the actual population of
terminal usage remains unknown.

Table 2.2 provides summary data from the northern tier state DOT survey while the
complete survey results can be found in Appendix A. Generaly speaking, the external
agencies do not identify an average cost for terminal repairs, but they all identify terminal



replacements as the same cost as new terminals. This study examines repair or
replacement time for each terminal type, but it finds little difference within each DOT
between different terminals with the exception of the BEST terminal, which requires on
average forty percent more time to complete its repairs and replacements. The
examination of training time requirements for maintenance crews fails to reveal many
differences between terminal types with the exception of the BRAKEMASTER terminal,
which requires forty percent more training time. This survey discovers that most
agenciesfail to observe much difference between terminal types when considering the
human component of terminal maintenance; however, this trend may not hold true if
actual maintenance crews provide the survey input.

Table2.2. Northern Tier State DOT Survey Results

Terminal Type Sample | Overal Overall Terminal
Size | Rating | Maintainability | Compatibility
(1-7) (1-7) (1-7)
WYBET 3 6.67 3.67 6.00
SRT 7 6.14 343 6.57
FLEAT 8 6.13 3.63 6.38
CAT 5 5.60 3.00 7.00
BEST 5 5.20 4.00 5.60
REGENT 3 5.67 3.33 6.00
SKT 1 6.00 4.00 5.00
BRAKEMASTER 1 6.00 3.00 2.00
ET-2000 0 NR NR NR

NR — No responses

Table2.2. Northern Tier State DOT Survey Results (cont’d)

Terminal Type Product Quality | Customer Resistanceto Prob. of Above
& Performance | Service Snow Load Ground Repair
1-7) a-7) a-7) (0-100%)
WYBET 5.67 6.00 5.00 60.00
SRT 6.00 5.57 5.00 61.43
FLEAT 5.25 5.25 5.25 62.50
CAT 5.60 5.40 5.60 64.00
BEST 5.40 5.60 4.60 64.00
REGENT 5.67 5.67 5.33 63.33
SKT 6.00 6.00 6.00 60.00
BRAKEMASTER 5.00 5.00 6.00 70.00
ET-2000 NR NR NR NR

NR — No responses

The sample sizes for each terminal type vary widely with all eight states using the
FLEAT termina and only one using the SKT and BRAKEMASTER terminals. With the
exception of the probability of above ground repair, the study rates all of the following
criteria on a seven-point scale with seven being the best. The overall ratings for the
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terminals range between 4.5 for the CRT and 6.67 for the WYBET terminals. The
overall maintainability of the terminals seems relatively uniform with values ranging
between three and four. Terminal compatibility shows a diverse range of values between
two for the BRAKEMASTER and seven for the CAT terminals. The remainder of the
criteria seems relatively uniform across terminal types with the typical values ranging
between five and six. The probability of above ground repair varies between sixty and
seventy percent. Fifty percent of the agencies indicate that winter replacement of the
terminalsis possible for al terminal types aslong as the posts are sleeved. Three of eight
surveyed DOTs use aguardrail delineator, New Century Northwest distributes one for
$8.95/each, for marking their guardrails while another fifty percent use a standard
flexible marker. In both cases, these simply identify the agency’s standard practices, and
not any specific special marking strategies. In the opinion of the DOTS, there seem to be
little difference between the different terminal types over many of the criteria. These
findings appear discouraging because the guardrail end-terminal vendors and state DOTs
possess limited knowledge of the winter replacement of GETSs.

24 Decision-M aker |nterview Results

This study gathers decision-maker information from a single decision-maker within
Alaska DOT&PF. The purpose of thisinterview isto identify the screening criteria and
any appropriate thresholds for these criteriabeing. Additionally, the decision-maker
provides his opinions regarding the values and weights attributable to each criterion.
Prior to the conducting the interview the researchers develop a hierarchy of the criteria.
This hierarchy is verified with the decision-maker at the time of theinterview. The
hierarchy is presented in figures 2.1, 2.2 and 2.3. All of these figures display the local
weights identified by the decision-maker during the interview.

Terminal
Value
I
I I
Vendor User (DQOTY9)
[.5] [.5]
I
I | I |

Specifications Cost and Installation Maintenance Quality and
[.35] Delivery [.35] [.30] [.7] Service[.3]

Figure2.1. Terminal Vaue Hierarchy with Decision-Maker Weights

The hierarchy has two main branches; one addresses the vendor matrix while the other
addresses the DOT matrix. Although this study examines many vendor criteria, only five
vendor criteriaimpact the decision-making process quantitatively. Since delivery time
does not seem to fluctuate significantly across vendors, the hierarchy currently excludes
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it. While the decision-maker shows little preference across the upper level of this branch,
he exhibits distinct opinions at the lowest level. Some vendor criteria also serveto
eliminate infeasible alternatives. The first and most critical screening criterion isthe
NCHRP Report 350 Test Level; however, al of the alternatives that this study identifies
meet NCHRP Report 350 Test Level 3. Additionally, the decision-maker establishes a
minimum threshold of two posts within aterminal being sleeved to facilitate winter
replacement. The two BRAKEMASTER products fail to meet this standard. The
decision-maker fails to identify any more threshold criteria at thistime.

Vendor
[
I I |
Specifications Cost Installation
[0.35] [0.35] [0.30]
[ [
I | I |
Percentage Steel Post Ease Complexity
of Posts Sleeved Available [0.75] [0.25]
[0.8] [0.2]

Figure 2.2. Vendor Branch with Decision-Maker Weights

User (DOTs)
|
[ |
Maintenance Quality and
Issues[.7] Service[.3]
| |
[ | | | [ |
Terminal Maintenance Probability of Resistance Terminal Customer
Compatibility Training Above Ground to Snow Load Quality Service
-7 Time (Days) Repair (1-7) (1-7) (1-7)
[.214] [.072] (0-100%)[.357] [.357] [.7] [.3]

Figure 2.3. User (DOT) Branch with Decision-Maker Weights

The other branch, the DOT branch, retains six criteriafor inclusion in the decision
analysis process. Currently, the time to replace aterminal is not included in the final
assessment because the collected values did not seem to vary across terminal types,
instead they vary across agencies with each agency declaring similar repair times for all
terminals. For the user branch, the decision-maker gives two criteria each twenty-five
percent of the overall value for DOT input. Appendix B lists al of the criteriathat this
study considered for inclusion in the hierarchy and provides the genera curve shape for
each criterion. Additionally, Appendix B displays the value functions that result from the
interview process.

12



25 Decision Analysis

This report explores three different decision anaysis techniques in order to rank the
aternative GETs. The first two techniques combined rankings and scaled criteria do not
require any decision-maker input. The third MAVF requires decision-maker input to
arrive at the rank order of the aternative GETs. In al of the analyses, all Bryson and
Gregory Highway Products use an assumed value (.5) for ease of installation because the
vendor did not provide a value for these cells. For cold region implementation, the two
highest-ranking tangential terminals both lack user feedback. For this analysis, the user
value for the ET-2000 is given by an average of all user values because no external
agencies using it responded to this study, and the SKT has only a single user response.
The absence of user information makes selecting a single alternative for the tangential
case challenging and perhaps counter-productive. Nevertheless, based on vendor scores a
recommendation can be made. None of the flared terminals provide the option of
sleeving all posts for easing winter replacement. If one of the flared terminals can meet
this requirement in the future it will greatly enhance their desirability. The following
sections describe the evaluation techniques and make a recommendation for the preferred
tangential and flared terminal according to each technique.

25.1 Combined Rankings

In this technique (Papacostas and Prevedouros, 2001), the alternatives are ranked
according to each criterion from worst to first. The combination of the rankings from
each criterion provides a composite score for the alternatives that can be rank ordered. Its
formulation is given by the following equation:

S :ZRj (N

where
S = score of aternativei
R;j = rank of alternative i with respect to criterion |

Table 2.3 displays the overall values that are determined by the combined rankings for
this decision. The values are sorted from the highest to lowest values where a lower
composite score is better. The SKT and the CAT both receive the highest user rankings.
The SKT that Universal Industrial Sales in Pleasant Grove, Utah, distributes receives the
highest vendor value as well; however, the vendor values for many of the other SKT
distributors do not fare as well and their ranking as a result is lower. The ET-2000
presents a strong case as a viable alternative for the tangential case with the second best
vendor score and overal ranking. The FLEAT terminal dominates the flared rankings
with al six distributors ranking above its chief competition, the SRT-350.

13



Table2.3. Combined Ranking Guardrail End Terminal Values

Vendor | User (DOT) | Overdl

Vendor Terminal Type | Vaue Vaue Vaue

Universal Industrial Sales, Utah  |SKT 10.00 10.00° 20.00
Trinity Industries ET 2000 14.00 12.37* 26.37
Universal Industrial Sales, Utah  [FLEAT 16.00 11.88 27.88
R.G. Steel Corp., Pennsylvania  |[FLEAT 350 20.00 11.88 31.88
R.G. Steel Corp., Pennsylvania  [SKT 350 27.00 10.00° 37.00
Road Systems SKT 30.00 10.00° 40.00
Highway Safety Corp., Ohio SKT 350 30.00 10.00° 40.00
Gregory Highway Products, Ohio |[SKT 32.00" 10.00° 42.00
Gregory Highway Products, Ohio FLEAT 32.00" 11.88 43.88
Road Systems FLEAT 32.00 11.88 43.88
Highway Safety Corp., Ohio FLEAT 350 32.00 11.88 43.88
Bryson Products, Mississippi SKT 36.00" 10.00° 46.00
Bryson Products, Mississippi FLEAT 37.00" 11.88 48.88
Trinity Industries SRT 350 39.00 12.00 51.00
Universal Industrial Sales, Utah |REGENT 59.00 12.00 71.00
R.G. Steel Corp., Pennsylvania |REGENT 62.00 12.00 74.00
Universal Industrial Sales, Utah | BEST 64.00 15.00 79.00
Trinity Industries CAT 70.00 10.00 80.00
Bryson Products, Mississippi REGENT 73.00" 12.00 85.00
Bryson Products, Mississippi BRAKEMASTER| 72.00 14.00 86.00
Universal Industrial Sales, Utah BRAKEMASTER| 74.00 14.00 88.00

1 - All Bryson and Gregory Highway Products use an assumed value (.5) for ease of installation
2 —No State DOTs responded; the user value is found as an average of all user values
3 —Only one state DOT responded for the user value

25.2 Scaled Criteria

In this technique (Papacostas and Prevedouros, 2001), every individual criterion is
mapped onto a common scale between zero and one. In this case, the value “zero”
represents the lowest value that any alternative takes or a theoretical minimum value, and
the value “one”’ represents the highest value that any alternative takes or a theoretical
maximum value. The rescaled criterion can be summed to find the composite score for
each alternative. After mapping each criterion to the common scale, the aternatives
composite score is given by the following formulation:
S = Z M i (2)
i
where

S = score of aternativei
M;; = the mapped value of alternative i with respect to criterion j
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Table 2.4 displays the overall values that are determined by the scaled criteria for this
decision. The values are sorted from the highest to lowest values where a higher
composite score is better. The CAT followed by the SRT-350 receive the highest user
rankings while the SKT that Universal Industrial Sales in Pleasant Grove, Utah,
distributes receives the highest vendor value. The ET-2000 presents a strong case as a
viable alternative for the tangential case with the second best vendor score and second
highest overall value, which remains well ahead the other SKT distributors. Although the
SRT-350 has a better user ranking, its chief competition, the FLEAT, dominates the
overall flared rankings with five of the six distributors ranking it above the SRT-350.

Table2.4. Scaled Criteria Guardrail End Terminal Values

Vendor | User (DOT) | Overal

Vendor Terminal Type Value Value Value

Universal Industrial Sales, Utah  |SKT 4.893 5.167° 10.059
Trinity Industries ET 2000 4.800 5.164 9.964
Universal Industrial Sales, Utah  [FLEAT 4.283 5.171 9.454
R.G. Steel Corp., Pennsylvania  |[FLEAT 350 4.136 5.171 9.307
R.G. Steel Corp., Pennsylvania  |SKT 350 4.033 5.167° 9.200
Road Systems SKT 4.033 5.167° 9.200
Highway Safety Corp., Ohio SKT 350 4.033 5.167° 9.200
Gregory Highway Products, Ohio |[SKT 3.700" 5.167° 8.867
Road Systems FLEAT 3.469 5.171 8.640
Highway Safety Corp., Ohio FLEAT 350 3.469 5.171 8.640
Bryson Products, Mississippi SKT 3.467" 5.167° 8.633
Gregory Highway Products, Ohio FLEAT 3.186" 5.171 8.357
Trinity Industries SRT 350 2.947 5.324 8.270
Bryson Products, Mississippi FLEAT 3.086" 5.171 8.257
Universal Industrial Sales, Utah | BEST 2.033 4.927 6.960
Universal Industrial Sales, Utah |REGENT 1.848 5.067 6.915
R.G. Steel Corp., Pennsylvania |REGENT 1.515 5.067 6.582
Trinity Industries CAT 1.150 5.390 6.540
Bryson Products, Mississippi REGENT 1.315" 5.067 6.382
Bryson Products, Mississippi BRAKEMASTER | 1.150" 4.067 5.217
Universal Industrial Sales, Utah BRAKEMASTER | 1.000 4.067 5.067

1 - All Bryson and Gregory Highway Products use an assumed value (.5) for ease of installation
2 —No State DOTs responded; the user value is found as an average of all user values
3 —Only one state DOT responded for the user value
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2.5.3 Multi-Attribute Value Function

MAVF Theory develops a value function that provides the worth for every i attribute,
Vj(x). Beinat (1997) presents the axiomatic foundation for value function theory in detail.

This reference is used to present many key points in conjunction with Keeney and Raiffa
(1993) and French (1986). Dyer and Sarin (1979) use the difference independence
property to define their measurable additive value functions. This report offers a short
summary of MAVF's application to this decision. This report creates a hierarchical
structure to simplify this problem. Mattingly et al. (2001) presents a detailed example of
the use of a hierarchy in conjunction with MAVF. Based on fundamental principles that
the previous references describe, this project creates an additive value function that
incorporates al of the criteria within the hierarchy that figures 2.1, 2.2 and 2.3 display.
This value additive value function takes the following formulation:

J b;
V=Ya YWy x) ©
j=1 i=a
Where:
o7 = theweightsfor each grouping within the hierarchy,
J = number of groupings or branches,
gandb, = the node locations (taken from a vector N of all nodes) within a given jth
branch,
Wi = priority weight for each individual attributei,
Y = the value function for the ith attribute (i = 1 to 4 for the maintenance
issues branch in Figure 2.3),
Xi = thelevel of attribute present in the system, and
Vv = thesum of all valuesfor the system.

This research dlightly modifies standard practices to simplify the decision-maker’s effort
in the creation of the necessary weights and value functions, however, these
modifications do not affect the underlying theoretical foundations of this technique. In
this application, the value functions are assessed using a blend of the mid-value splitting
(Keeney and Raiffa, 1993) and curve selection (Beinat, 1997). This study uses a 100-
point weight rating technique to assess the weights throughout the hierarchy. All of the
value functions that this study uses are displayed in Appendix B while the attribute and
hierarchical weights can be found in figures 2.1, 2.2 and 2.3. Table 2.5 displays the
overall values that are determined by the additive value function for this decision. Each
aternative takes a value between zero and one with one representing the greatest
preference. The values are sorted from the highest to lowest values.

Two Trinity Industries products, the CAT and SRT-350, emerge with the highest user
values while the third Trinity Industry product, the ET-2000, did not receive any user
responses. The SKT that Universal Industrial Salesin Pleasant Grove, Utah, distributes
receives the highest vendor value and ranksfirst overall. The ET-2000 continues to
present a strong case as a viable alternative for the tangential case with the second best
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vendor score and second highest overall value; however, three other SKT distributors
immediately follow it in the overall rankings. In contrast to the previous analysis
techniques, the SRT-350 performs reasonably well when compared to the FLEAT; only
two of the six FLEAT distributors rank above the SRT-350

Table2.5. MAVF Guardrail End Terminal Values

Vendor | User (DOT) | Overall

Vendor Terminal Type | Vaue Vaue Vaue

Universal Industrial Sales, Utah SKT 0.963 0.471° 0.717
Trinity Industries ET 2000 0.930 0.450° 0.690
Road Systems SKT 0.795 0.471° 0.633
Highway Safety Corp., Ohio SKT 350 0.795 0.471° 0.633
R.G. Steel Corp., Pennsylvania SKT 350 0.745 0.471° 0.608
Universal Industrial Sales, Utah FLEAT 0.750 0.436 0.593
Bryson Products, Mississippi SKT 0.680" 0.471° 0.575
Gregory Highway Products, Ohio  |SKT 0.670" 0.471° 0.570
R.G. Steel Corp., Pennsylvania FLEAT 350 0.698 0.436 0.567
Trinity Industries SRT 350 0.542 0.497 0.520
Road Systems FLEAT 0.598 0.436 0.517
Highway Safety Corp., Ohio FLEAT 350 0.598 0.436 0.517
Universal Industrial Sales, Utah REGENT 0.534 0.433 0.483
R.G. Steel Corp., Pennsylvania REGENT 0.509 0.433 0.471
Gregory Highway Products, Ohio  |FLEAT 0.491" 0.436 0.463
Universal Industrial Sales, Utah BEST 0.515 0.406 0.460
Trinity Industries CAT 0.403 0.510 0.456
Bryson Products, Mississippi FLEAT 0.456" 0.436 0.446
Bryson Products, Mississippi REGENT 0.389" 0.433 0.411
Bryson Products, Mississippi BRAKEMASTER | 0.123' 0.338 0.230
Universal Industrial Sales, Utah BRAKEMASTER | 0.070 0.338 0.204

1 - All Bryson and Gregory Highway Products use an assumed value (.5) for ease of installation
2 —No State DOTs responded; the user value is found as an average of all user values
3 —Only one state DOT responded for the user value

While this decision analysis cannot be considered definitive, it provides valuable insight
into the products by combining their disparate attributes into asingle overall value. Of
particular concern in this evaluation is the similarity in raw attribute scores across
alternatives. Thissimilarity makes the selection of a definitive alternative more
challenging. An examination of the attributesin Tables 2.1 and 2.2 identifies the
shortcomings of each terminal system. For example, the CAT terminal receives solid
support from the user community, but its high cost, difficulty in installing and complexity
make it difficult to recommend as the only alternative. Chapter 3 investigates these
issues and makes some initial recommendations.
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CHAPTER 3- INTERPRETATION, APPRAISAL, AND APPLICATIONS

3.1 Implicationsof Survey and Analysis

Decision-maker priorities can be included in both the combined rankings and scaled
criteriaanalysis; however, neither analysisis performed in this manner to show the
baseline cases without any decision-maker influence. While the SRT-350 performs
poorly when compared to the FLEAT in the two techniques that do not include decision-
maker weights, it performs markedly better after including decision-maker priorities.
The SRT-350's strong performance with respect to user responses make it a significant
challenger to the FLEAT, especially because the vendors self-assessed the only attributes
where the FLEAT outperformed the SRT-350. If decision-maker priorities seem
reasonable to the Alaska DOT& PF, then it should pay particular attention to the analysis
reported in section 2.5.3.

This study’ s limited sample size may degrade the final results; however, within each
DOT, the number of respondents that seem qualified to address the larger picture appears
small. In thisrespect, the data set may be adequate; however, the large variation that
exists between some agencies reduces the confidence in the final results. If a
significantly larger number of qualified respondents can be identified, alarger morein
depth survey may yield more reliable results. In asimilar manner, the use of asingle
decision-maker for Alaska DOT& PF inthe MAVF analysis may be questioned; however,
the selected decision-maker survey in a statewide role for the Alaska DOT& PF and the
decision analysis techniques that this report utilizes can be difficult for a group of
decision-makers to use together unless they are all present for the value function
specification. The weights are easier to integrate in a group decision-making context, but
this project did not undertake this effort because a single decision-maker seems to be the
most reasonabl e approach when attempting a new technique within the Alaska DOT& PF.

For many of the attributes, most of the alternatives receive similar scores. Thislack of
differentiation amongst alternatives implies either alack of knowledge or similar
performance. The use of MAVF becomes more challenging as the ranges in attribute
values tighten because the decision-maker must do an extremely good job of recognizing
this limited variation and distribute the attribute weights accordingly.

Throughout both surveys, this project measures many attributes over a seven-point scale.
The use of the seven-point scale is widely accepted; however, it still carries the inherent
difficulty that the scale is not standardized across different respondents. For example,
one respondent may believe that the overall maintainability of agiven terminal isafive
while another respondent from the same agency may believe that its maintainability is
only athree. The small sample sizes coupled with these inherent difficulties make the
development of specific recommendations difficult.
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3.2 General Recommendations

A clearly defined best choice, for either tangentia or flared GETS, fails to emerge during
thisstudy. The primary options for both tangential and flared terminals have generally
similar characteristics where price is the only objective factor to separate the competing
products. From the user’s perspective, each state has their own preferences for the
competing products, but the differences between the alternativesis not significant enough
for aclear choice to emerge. Each of the productstypically has a variety of options
available for use in each specific application. These options must be carefully specified
to meet the Alaska DOT& PF' s need to repair and replace GETs above ground during the
long winter season. Any GET specified for use in Alaska needs to meet criteria one
through three, and vendors should make an effort to meet criteriafour:

(1) Theterminal design must meet NCHRP Report 350 Test Level 3 standards.
Thisis arequirement to meet FHWA standards.
(2) All terminals within the State of Alaska need to have an option of steel or wood posts.

The vendors unanimously advocate the use of steel posts with soil tubes, or hinged
stedl posts for facilitating winter replacements. The agencies do not seem to require
the use of steel posts, just soil tubes; however, the vendors' support for steel postsis
difficult to ignore.

(3) All postsfor tangential terminals and the first two postsin flared terminals need to
have the option of soil tube, hinge or similar strategy that facilitates above ground

repair.

Frozen ground poses a significant obstacle to GET repair. The use of soil tube, hinge
or similar strategy eliminates the need to excavate frozen soil during the winter and
drive posts into frozen ground. For the flared case, a fewer number of posts appears
desirable as well, which reduces the number of posts unprepared for above ground

repair.

(4) Every effort should be made to make a particular terminal design compatible with
other terminal designsto reduce stockpiling requirements.

Thisreduction in GET styles minimizes maintenance training requirements, reduces
stockpiling needs, and improves terminal and part compatibility.

The Alaska DOT& PF s compatibility requirement (number 4) cannot be met in the short-
term based on current terminal designs; however, an alternative approach may exist to
help mitigate these concerns. The FHWA may permit the Alaska DOT& PF to award a
five-year sole source contract that is fully competed; this report recommends that Alaska
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DOT& PF pursue such an award as long as the selected terminal meet the af orementioned
specification requirements. Such an award will not eliminate compatibility concerns, but
stockpiling and training needs will be reduced.

The REGENT, CAT and BEST terminals are added to the list infeasible alternatives
because they require the use of wooden posts. This seems especially appropriate because
their overall value ranked near the bottom of the alternatives. At thistime, only the CAT,
BEST, BRAKEMASTER and REGENT families are recommended for immediate
exclusion. Further investigation is required to determine if an optimal end terminal exists
because many end terminals appear to possess the desirable specifications for the State of
Alaska.
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CHAPTER 4 - SUGGESTED RESEARCH

With the limited differentiation amongst the aternative end terminals across many of the
alternatives, a demonstration program may prove the most effective approach for
identifying asingle terminal for preferred usage statewide or ssmply aterminal that
design and maintenance has confidence that it can usually be repaired during the winter
season after it is damaged. The demonstration program can supplement or supercede the
datathat this study identifies. This new evaluation needs to investigate installation
procedures, costs, accident-related data, snow load survivability and maintenance for
each selected system over at least two winters. While a more aggressive and detailed
survey effort may prove beneficial, the researchers believe that further data collection
may be unlikely to provide further insight because detailed knowledge about end
terminals seems lacking. Furthermore, knowledge seems lacking specifically about
winter performance and above ground repairs. A thorough investigation into above
ground repairs may also prove beneficial because this represents one of the most critical
attributes under investigation and the results from the user survey show limited
differentiation amongst alternatives. In order to obtain a definitive answer, additional
research will likely be required; however, a selection of viable end terminal alternatives
may already be identifiable based on the existing data.

21



REFERENCES

Beinat, E. (1997), Value Functions for Environmental Management, Kluwer Academic
Publishers, Norwell, MA.

Denman, O. S. and J. B. Welch (1999). “Development of a Flared End Terminal That
Meets Criteria of NCHRP Report 350: the REGENT System.” Transportation
Research Record, no. 1690, pp. 17-30.

Dyer, J. S. and R. K. Sarin (1979), “Measurable Multiattribute Vaue Functions,”
Operations Research, 27 (4), 810-822.

French, S. (1986), Decision Theory: An Introduction to the Mathematics of Rationality,
John Wiley and Sons, New Y ork.

Keeney, R. L. and H. Raiffa (1993), Decisions with Multiple Objectives: Preferences and
Value Tradeoffs, Cambridge University Press, New Y ork.

Ma, Z. and S. P. Mattingly (2000). Showplow Survivability of Guardrail Terminals.
Final Report prepared under project 74500 for the Alaska Department of
Transportation and Public Facilities, Juneau, Alaska. (Transportation Research
Center, Institute of Northern Engineering, University of Alaska, Fairbanks,
Research Report INE/CEEQ0.06).

Mattingly, S. P., R. Jayakrishnan and M. G. McNally (2001), “Application of an
Integrated Multiple Objective-Attribute Methodology to a New Traffic Control
System.” Presented at the Transportation Research Board 80th Annual Meeting
in Washington, D.C.

Papacostas, C.S., P.D. Prevedouros (2001). Transportation Engineering and Planning,
Prentice Hall, Upper Saddle River, New Jersey.

Ross, H. E., jr., D.L. Sicking, R. A. Zimmer and J. D. Michie (1993). Recommended
Procedures for the Safety Performance Evaluation Highway Features. National
Cooperative Highway Research Program, Report 350. Transportation Research
Board, National Research Council, National Academy Press, Washington, D.C.

Snyder, R. R. (1995). In-Service Evaluation of the BRAKEMASTER AND C-A-T Crash
Cushions. Final Report prepared for U.S. Department of Transportation, Federal
Highway Administration, Washington, D.C. Pennsylvania Department of
Transportation, Harrisburg, Pennsylvania.

22



APPENDIX A —COMPLETE STUDY RESULTS

Table A.1. Complete Vendor Survey Results

Compatibility with

Manufacturer Terminal Name Number of Sleeves Flare Offset SRT-350 ET-2000
B Products. Mississiopi FLEAT 7 posts, 2 sleeved 2-4 No No
1—%/(?8?482? 42295 » VISSISSIppI SKT 8 posts, 2/4/8 sleeves Tangent No No
Reoresentative: Chad REGENT 11 posts, 2 dleeved 4' Parallel No No
P ' BRAKEMASTER |Concrete Siab Tangent, 0 No No
Trinity Industries SRT 350 6/8 posts, 2 sleeved 3-4 Yes No
1-800-772-7976 ET 2000 8 posts, up to 8 sleeved Tangental 1'-2' No Yes
Representative: Randy Olsen CAT 6 posts, 6 sleeved Tangental No No
BEST 6 posts, 2 sleeved 50:1 Flare rate No No
Universal Industrial Sales, Utah  [FLEAT 7 posts, 2 sleeved 2'-4' No No
(801) 785-0505 SKT 8 posts, 2/4/8 sleeves Tangent No No
Representative: Delane REGENT 11 posts, 2 Seeved 4 No No
BRAKEMASTER |Cemented Anchors Only Median Usage No No
Gregory Highway Products, Ohio [SKT 8 posts, 2/4/8 sleeves Tangent No No
(330) 477-4800 e
Representative: Steve FLEAT 7 posts, 2 sleeved 2'-4 No No
R.G. Steel Corp., Pennsylvania  [FLEAT 350 7 posts, 2 sleeved 2-6"to 4 No No
(724) 656-1722 REGENT 11 posts, 2 Seeved 4 No No
Representative: David Price SKT 350 8 posts, 2/4/8 sleeves Tangent No No
Road Systems FLEAT 7 posts, 2 sleeved 2-6"to 4 No No
(815) 464-5917
Representative: John SKT 8 posts, 2/4/8 sleeves Tangent No No
Highway Safety Corp., Ohio FLEAT 350 7 posts, 2 sleeved 2-6"to 4 No No
(877) 866-7997 SKT 350 8 posts, 2/4/8 sleeves Tangent No No

Representative: Kevin
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Table A.1. Complete Vendor Survey Results (cont’d)

. Actual Cost Ease of
Terminal Steel h
Manufacturer Name Materials | Installed Post? '”?i'_'?t;on

FLEAT $1,200 N/A | Wood (steel option) N/A

Bryson Products, [SKT $1,200 N/A  |Wood (steel option) N/A

Mississippi REGENT $1,200 N/A All Wood N/A

BRAKEMASTER $2,500 N/A All Steel N/A
SRT 350 $900 2hr  |Wood (steel option) 5
Trinity Industries [ET 2000 $1,200 2hr  |Wood (steel option) 7
CAT $2,500 4hr All Wood 4
BEST N/A N/A All Wood 6
. . [FLEAT $805 N/A  |Wood (steel option) 7
onrversal Industialg T $1015 N/A_|Wood (stedl option) 7
' REGENT $300 N/A All Wood 5
BRAKEMASTER | $2,600-$2,800 | N/A Wood and Steel 4

Gregory Highway |SKT $1,000-$1,400 | N/A |Wood (steel option) N/A

Products, Ohio FLEAT $900-$1,000 N/A  |Wood (steel option) N/A
FLEAT 350 $1,000-$1,100 | N/A  [Wood (steel option) 7
Eéﬁﬁ Stﬁ/dan?;rp" REGENT $700-$800 | N/A All Wood 5
Y SKT 350 $1,300-$1,400 | N/A |Wood (steel option) 5
FLEAT $1,000-$1,100 | N/A |Wood (steel option) 6
Road Systems g 7 $1,300-51,400 | N/A_|Wood (steel option) 6
Highway Safety  [FLEAT 350 $1,000-$1,100 | N/A |Wood (steel option) 6
Corp., Ohio SKT 350 $1,300-$1,400 | N/A |Wood (steel option) 6
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Table A.1. Complete Vendor Survey Results (cont’d)

. Timeto .
Manufacturer Terminal Name Complexity Deliver Alaska | Above Ground Hinged
(1-7) Dedler?| Replacement Posts
(days)
FLEAT yes No
Bryson Products, [SKT 7 | 14Day None yes No
Mississippi REGENT 6 Maximum yes No
BRAKEMASTER 5 yes No
4
SRT 350 10- 14 yesw/ soil tubes | Yes, 2 posts
Trinity Industries [ET 2000 5 Davs None | yesw/ soil tubes | Yes, 8 posts
CAT 7 i yes w/ soil tubes No
4
BEST N/A No
Universal Industrial FLEAT 6 7 Daysto N;A No
Sales. Utah SKT 7 Seattle None N/A No
' REGENT 7 N/A No
BRAKEMASTER 5 N/A No
4
Gregory Highway |SKT : yesw/ soil tubes No
Products, Ohio FLEAT 7 /-10Days | None yesw/ soil tubes No
7
FLEAT 350 yesw/ soil tubes No
Eéﬁr'] Sﬁ/e'anicgrp" REGENT 7 7-14Days| None | yesw/soil tubes No
i SKT 350 4 yesw/ soil tubes No
7
FLEAT yesw/ soil tubes No
Road Systems | & g  (1ADays| None = o iltubes  No
6
Highway Safety  [FLEAT 350 : yesw/ soil tubes No
Corp., Ohio SKT 350 6 7-14Days| None yes w/ soil tubes No
6
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Table A.2. Complete Northern Tier State DOT Survey Results

) . Overall Terminal . }
Saepor 1IN Over?lll_;\;atl "9 | Maintainability |Compatibility| '™ (t&gneﬁiﬁiﬂ*epa”
-7 -7
\WYBET 7 2 7 3 weekstota
\Wyoming DOT [SRT 7 3 7 3 weekstota
(307) 777-4216 |FLEAT 6 3 7 3 weeks total
CAT 6 3 7 3 weeks total
FLEAT 6 4 6 2-3 weeks
SRT 6 3 7 2-3 weeks
323;71‘43?6?!8 CAT 5 3 7 2-3weeks
BEST 4 4 5 3-4 weeks
CRT 3 2 5 3-4 weeks
SRT 6 4 6 3-4 weeks
Utah DOT FLEAT 6 3 7 3-4 weeks
(801) 965-4242 |CAT 6 3 7 3-4 weeks
BEST 6 3 6 3-4 weeks
SRT 6 4 6 4 weeks
FLEAT 7 4 7 4 weeks
Minnesota DOT [WYBET 7 4 6 4 weeks
(651) 296-3036 |CRT 6 4 6 4 weeks
BEST 6 4 6 4 weeks
REGENT 5 4 7 4 weeks
FLEAT 6 3 6 3 weeks total
Michigan DOT [SKT 6 4 5 3 weekstotal
(517) 373-0746 [REGENT 6 3 5 3 weeks total
BRAKEMASTER 6 3 2 3 weekstota
REGENT 6 3 6 3 weeks total
OREGON DOT |SRT 6 2 7 3 weeks total
(503) 986-4000 |FLEAT 6 3 6 3 weekstotal
CAT 6 3 7 3 weekstota
FLEAT 6 4 6 2-3 weeks
\Washington DOT [SRT 6 3 7 2-3 weeks
(360) 705-9269 |CAT 5 3 7 2-3 weeks
BEST 4 4 5 3-4 weeks
SRT 6 5 6 4 weeks
IDAHO DOT FLEAT 6 5 6 4 weeks
(801) 965-4242 |WYBET 6 5 5 4 weeks
BEST 6 5 6 4 weeks
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Table A.2. Complete Northern Tier State DOT Survey Results (cont’d)

State DOT Terminal M ai ntenance Avg. Mai nt. Product Quality | Customer Service
Used Training Time (days) | Cost ($/repair) | & Performance (1-7) (1-7)
\WYBET Already Capable New installed ($) 6 5
\Wyoming [SRT Already Capable New installed ($) 6 5
FLEAT Already Capable New installed (%) 6 5
CAT Already Capable New installed ($) 6 5
FLEAT 5 New Cost 5 4
Montana SRT 5 New Cost 6 5
CAT 5 New Cost 5 5
BEST 5 New Cost 4 6
CRT 5 New Cost 5 5
SRT 3-4 days Replace/ new cost 6 6
Utah FLEAT 3-4 days Replace/ new cost 6 5
CAT 3-4 days Replace/ new cost 6 6
BEST 3-4 days Replace/ new cost 6 5
SRT n/a None, Replacement 5 6
FLEAT n/a None, Replacement 5 6
Minnesota \WYBET n/a None, Replacement 6 6
CRT n/a None, Replacement 5 6
BEST n/a None, Replacement 6 6
REGENT n/a None, Replacement 6 6
FLEAT 5 New Cost 5 5
Michigan SKT 5 New Cost 6 6
REGENT 5 New Cost 6 5
BRAKEMASTER 7 New Cost 5 5
REGENT Already Capable New installed ($) 5 6
Oregon SRT Already Capable New installed ($) 6 6
FLEAT Already Capable New installed ($) 5 6
CAT Already Capable New installed ($) 6 6
FLEAT 5 New Cost 5 6
. SRT 5 New Cost 6 5
Washington [=AT 5 New Cost 5 5
BEST 5 New Cost 4 6
SRT 2-5 days Replace/ new cost 7 6
\daho FLEAT 2-5 days Replace/ new cost 5 5
\WYBET 2-5 days Replace/ new cost 5 7
BEST 2-5 days Replace/ new cost 7 5
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Table A.2. Complete Northern Tier State DOT Survey Results (cont’d)

State DOT Terminal R;ﬁoitvafgzéo Replace Post Winter Above ground Marking
Used (1-7) During Winter | Replacement | Repair (0-100%) Strategy
\WYBET 6 Yes Yes 50
\Wyoming |SRT 5 No No 60 Guard rail
FLEAT 5 No No 50 Delineator
CAT 5 No No 50
FLEAT 6 If Sleeved, Yes | If Seeved, Yes 70
Mont SRT 6 If Sleeved, Yes | If Seeved, Yes 70
ontana— [eAT 6 If Sleeved, Yes | If Sleeved, Yes 80 N/A
BEST 5 If Sleeved, Yes | If Seeved, Yes 70
CRT 5 If Sleeved, Yes | If Seeved, Yes 70
SRT 5 No No 70
Utah FLEAT 5 No No 70 lsztl?e':(?balr g
CAT 5 No No 80 Markers
BEST 5 No No 60
SRT 3 Yes Yes 50
FLEAT 4 Yes Yes 60
. \WYBET 4 Yes Yes 60 Standard
Minnesota Flexible
CRT 4 Yes Yes 60 Markers
BEST 3 Yes Yes 70
REGENT 4 Yes Yes 50
FLEAT 6 Yes Yes 60 Standard
Michican SKT 6 Yes Yes 60 Flexible
99 IREGENT 5 Yes Yes 70 Markers
BRAKEMASTER 6 Yes Yes 70
REGENT 7 Yes Yes 70 Guard rail
SRT 7 Yes Yes 70 Delineator
Oregon FLEAT 7 Yes Yes 60 New Century
Northwest
CAT 7 Yes Yes 60 541-342-4500
FLEAT 3 No No 60
. SRT 4 No No 40 Guard rail
[\Washington |~ 5 No No 50 Delineator
BEST 5 No No 50
SRT 5 No No 70
oo FLEAT 6 No No 70 |S:t|2nxq€|r g
WYBET 5 No No 70 Mar:(ers
BEST 5 No No 70
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APPENDIX B —DECISION-MAKER DETAILS

TableB.1. Decision-Maker I nput

Screening | Acceptable Curve
Criteria Only Threshold Shape
Flare *
NCHRP Test Level *
Steel Post No Option
Sleeve/Hinge/Slip Base * 2 Minimum
Cost No Linear
Delivery Time No Linear
Pct. of Posts (Winter Replaceable) No Power
Installation ease No Linear
Installation complexity No Linear
Terminal compatibility No Power
Time to replace/repair No Inverse Power
Maintenance training time No Inverse Power
Termina quality No Linear
Customer service No Linear
Resistance to Snow Load No Power
Above Ground repair No Power
1 .
0.9 A
0.8 A
y = 0.0002x*3"**
0.7
X< 06
>
g 0.5 A
L 04
0.3
0.2
0.1
0 : - ‘ : : : :
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
Compatibility (1-7)

Figure B.1. Termina compatibility value function
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0.1
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Figure B.2. Maintenance training time value function

0.9

0.8 A

0.7 A

0.6
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0.4 -

0.3

0.2 1

0.1
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4.80 5.00 5.20 5.40 5.60 5.80 6.00 6.20

Product Quality and Performance (1-7)

Figure B.3. Terminal quality and performance value function
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0.1
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Figure B.4. Terminal resistance to snow load value function
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0.2 1
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Figure B.5. Percentage of terminal repairs that are above ground repairs value function
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Figure B.6. Percentage of terminal posts with sleeves value function
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Figure B.7. Ease of terminal installation value function

32




0.9

0.8

0.7 1

0.6

0.5 1

0.4 -

Value v(x)

0.3

0.2 1

0.1

y =-0.0005x + 1.4

500.00

1000.00

1500.00 2000.00
Terminal Cost ($)

2500.00

3000.00

Figure B.8. Terminal cost value function
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Figure B.9. Customer service value function
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APPENDIX C —ET-2000 APPROVAL LETTERS

The FHWA approval letters can be found on their web site at:

http://saf ety .fhwa.dot.gov/fourthlevel/hardware/term_cush.htm
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US.Department Af 7 0GR : X

of Transportation MG 22 1935 :ngsffn;?;: glc :2-’?59‘;
Federal Highway

Administration ' Refer to: HNG-14

Mr. Don H. Johnson
President

Syro Steel, Inc.

2525 Stemmons Freeway
Dallas, Texas 75207

Dear Mr. Johnson:

Your August 9 letter to Mr. William A. Weseman requested the Federal Highway
Administration (FHWA) to concur in your assertion that the ET-2000 guardrail
terminal has satisfied the National Cooperative Highway Research Program
(NCHRP) Report 350 evaluation criteria for a test Tevel 3 (TL-3) terminal. To
support this request, you provided copies of appropriate test reports,
drawings, photographs, and videotapes of the full-scale crash tests. The
summary results of the NCHRP Report 350 certification tests are enclosed for
ready reference. In response to guestions raised by my staff, you submitted
suppiemental information with your letter dated August 14 and identified three
specific ET-2000 designs for which you sought FHWA acceptance under the NCHRP
Report 350 criteria. This second letter also stated that you were not seeking
acceptance of the ET-2000 as modified per Mr. Jerry L. Poston’s April 26
letter (copy enclosed) as an NCHRP Report 350 terminal at this time.

Based on our review of the information presented, we have concluded that the
ET-2000 designs designated as Option A and Option B (drawings enclosed)
satisfy the NCHRP Report 350 evaluation criteria for a TL-3 terminal and that
either or both of these designs may ‘continue to be used on the National
Highway System (NHS) when selected by a highway agency. These two designs are
identical except that posts five through eight are shortened wood posts in
steel tubes in Option A, whereas these posts are full-length CRT posts in
Option B. Since the ET-2000 is proprietary, all regulations regarding its use
on Federal-aid projects (except non-NHS projects) remain applicable.

You will note we have not accepted the modified Option B design (Texas
Department of Transportation version) which uses weakened round wood posts in
tieu of CRT posts at post positions five through eight. Based on our review
of Test 9429A-2 (NCHRP Report 230 test number 40) which was conducted with a
2,000-kg passenger car, we have concerns that this particular design would not
- pass the NCHRP Report 350 test 3-35. These concerns are based on the facts
that the rear wheel of the passenger car in test 9429A-2 contacted and rode up
on a post, creating some instability, the round wood posts are approximately
half as strong as the CRT posts and deflect considerably more on impact,
increasing the likelihood of pocketing and the 2000-kg pickup truck has proven

£ {2



relatively unstable in several recent length-of-need and strength tests. If
you chose to conduct test 3-35, or have additional information to offer, we
will be please to review our current position.

We also noted that in test 3-39 (reverse direction hit), the extruder head was
detached from the w-beam and slid 64 m from its original location and 3.5 m
nearer the traffic lane. While such a trajectory might pose a hazard to other
vehicles, we agree with your analysis that such an event is unlikely.
Nonetheless, user agencies should be made aware of this occurrence so that
each can make an objective assessment of the appropriateness of the ET-2000 at
a specific location.

A copy of this letter and enclosures will be sent to the FHWA field offices
for information.

Sincerely yours,
Jerry L. Poston, Chief
Federal-Aid and Design Division

3 Enclosures

Supplement to Geometric and Roadside Design Acceptance Letter CC-12



SUMMARY OF ET-2000 COMPLIANCE TESTS FOR TEST LEVEL 3 OF NCHRP REPORT 350

NCHRP 350
Test No.

—— e

Description

TTl Test

Test Report and
Test Article
Description

Max OIV
(m/sec)

Max RA

Results Meet
All Report 350
Requirements?

3-30 820C head-on on nose 6001-1 See Ref 1 and 9.3 17.3 Yes
w/15" offset, 0° approach drawing SS 215
3-31 2000P head-on on nose, 220510- See Ref 2 and 8.1 13.0 Yes
: 0° approach 5 drawing SS 241T
3-32 820C head-on on nose, 220510- | See Ref 2 and 8.0 7.4 Yes
15° approach 3 drawing SS 2417
3-33 2000P head-on on noss, 220510- See Ref 2 and 5.5 4.0 Yes
15° approach 4 drawing SS 2417
3-34 820C between nose and 9429A-1 See Ref 3 and 5.2 10.3 Yes
beginning of LON, 15° approach drawing SS 230
{at post #2)
3-35 2000P at beginning of LON, 220510- See Ref 2 and 7.6 8.2 Yes
20° approach (at post #3) 2 drawing SS 2417
3-39 2000P reverse hit midway 220537- See Ref 2 and 6.0 10.5 Yes
along length of terminal, 20° -6 drawing SS 241T |

approach (at post #5)
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December 20, 1996
Refer to: HNG-14

HayesE. Ross, J., P.E., Ph.D.
Professor, Civil Engineer Department
Head, Structural Systems Division, TTI
The Texas A&M University System
Texas Transportation Institute

College Station, Texas 77843-3135

Dear Dr. Ross:

Y our November 22 letter to Mr. Gerald L. Eller requested the Federal Highway Administration’s

acceptance of three changes to the ET-2000 guardrail terminal. These are:

1. Useof 1980-mm (6'- 6") soil tubes without soil plates for posts 1 and 2.

2. Useof standard CRT posts for posts 3 through 7. Thisresultsin replacing the
shortened, tube-supported posts 3 and 4 with full length CRT posts and in replacing
the original CRT post 8 with a standard line post.

3. Elimination of the offset block at post 2, permitting the use of an in-line strut at

ground level.

A review of our files indicated that these same modifications were requested for the NCHRP
Report 230 ET-2000 in an April 19, 1995, letter from Mr. David R. Lewisto Mr. Jerry L. Poston
and were accepted via our return correspondence dated April 25, 1995. However, the ET-2000
design you submitted and we recognized, with Mr. Jerry L. Poston’s August 22, 1995, letter to
Mr. Don H. Johnson of Syro, Inc., as an acceptable Report 350 design was unchanged from the
original Report 230 ET-2000 design. In your letter you cite a Report 350 test on atermina very
similar to the ET-2000 that incorporates approximately the same features we had accepted as
modifications to the Report 230 design and for which you are now requesting acceptance as
meeting Report 350 guidelines. We concur that the results of that test support acceptance of the
modified ET-2000 as meeting the acceptance guidelinesin NCHRP Report 350.



Enclosed is a drawing showing the modified ET-2000, which isnamed the LET. Thus, the LET is
acceptable for use on the National Highway System if proposed by a highway agency. Sinceit is
aproprietary feature, the provisions of Title 23, Code of Federal Regulations, Section 635.411,

are applicable.
Please send us a complete set of the final drawings for our files.
Sincerely yours,

(original signed by Dwight A. Horne)

Dwight A. Horne, Chief
Federal-Aid and Design Division

Enclosure
Acceptance letter CC-12D
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September 22, 1998
Refer to: HNG-14

Dr. Hayes E. Ross, Jr.

Professor and Research Engineer
Texas Transportation I nstitute
Structural Research Division

The Texas A&M University System
College Station, Texas 77843-3135

Dear Dr. Ross:

In your September 3 letter to Mr. Henry H. Rentz, you requested the Federal Highway
Administration to approve the use of two 3810-mm long w-beam panels as an alternative to the
single 7625 mm panel that was originally tested and accepted for use with the ET-2000 guardrail
terminal. The use of two shorter panels would result in the bolted splice at post 3 being forced
through the extruder head in an end-on impact with the 2000-kg pickup truck (test 3-31), but not
with the 820-kg car (test 3-30) which was stopped at that point in the original certification test.

To support thisrequest, you ran test 3-31 into an ET-2000 installation which used the shorter rail
lengths. Test results were given in your report entitled “ Testing and Evaluation of the ET-2000
with 3.8 m W-Beam Sections,” by Hayes E. Ross, Jr., Wanda L. Menges, and Barbara G. Baker,
Project/Report No. 520201-1, August 1998. The results of thistest and the earlier test with the
single 7625 mm panel were essentially the same, with 7600 mm of rail being extruded in both
instances and with all NCHRP Report 350 evaluation criteria being met in both cases.

Based on these results, we agree that the ET-2000 can be used with either length rail element.

Sincerely yours,

(original signed by Dwight A. Horne)

Dwight A. Horne
Chief, Federal-Aid and Design Division
Acceptance letter CC12E
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U.S. Department 400 Seventh St., S.W.
of Transportation January 18. 2000 Washington. D.C. 20590
Federal Highway '

Administration

Refer to: HMHS-CC12G

Dr. Hayes E. Ross, Jr.

Professor and Research Engineer
Texas Transportation Institute

The Texas A&M University System
College Station, Texas 77843-3135

Dear Dr. Ross:

In your December 17, 1999 letter, you requested the Federal Highway Administration’ s
acceptance of a modified extruder head for use with any al of the previously-accepted terminal
designs which used the ET-2000 extruder head. The new head, called the “ ET-PLUS’, differs
from the origina head in the size and shape of its face plate and in the omission or reduction in
size of severa of its non-structural components. The ET-PLUS is almost 100 pounds lighter
than the original ET-2000 head. A comparison of the two designs is shown on Enclosure 1.

In support of your request, you sent me copies of a Texas Transportation Institute test report,
dated December 1999, entitled “ NCHRP REPORT 350 TEST 3-31 OF THE ET-2000 PLUS' , by
Menges, Buth, Ross, and Schoeneman, and copies of a videotape of that test. You stated that this
end-on test with a2000-kg pickup truck was the most critical to demonstrate acceptable
performance of the modified extruder head, and that additional impacts at the end were not

needed. You also stated that since no other changes were made in the terminal anchor design,
none of the side impacts in the Report 350 test matrix were necessary. We agree with your
conclusions.

Based on staff review of the results of test 3-31, as summarized in Enclosure 2, we agree that the
ET-PLUS can be used in lieu of the original ET-2000 extruder head on any of the ET-2000
systems previously accepted for use on the National Highway System.

Sincerdly  yours,

Dwight A. Home
Director, Office of Highway Safety Infrastructure

2 Enclosures
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Figure 14. Summary of results for test 400001-LET1, NCHRP Report 350 test 3-31,
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US. Department 400 Seventh St., S.W.
of Transportation Washington. D.C. 20590

Federal Highway
Administration

February 18, 2000 Refer to: HMHS-CC12H

Mr. Don Johnson

Trinity Industries, Inc.
2525 Stemmons Freeway
Dallas, Texas 75207

Dear Mr. Johnson:

In your February 15 letter to Mr. Richard Powers of my staff, you requested a formal Federal
Highway Administration (FHWA) acceptance of a modified ET-2000 Plus guardrail terminal at
NCHRP Report 350 test level 2 (TL-2).The original ET-2000 Plus design was accepted as a
test level 3 (TL-3) w-beam terminal in my January 18 letter to Dr. Hayes E. Ross, Jr.

As stated in your request, the difference between the proposed TL-2 design and the current
TL-3 design is the total number of breakaway posts used in the terminal. Whereas the TL-3
terminal had atotal of six breakaway posts, the TL-2 design has only four, the last two
breakaway posts in the original design being replaced with standard line posts. The post

spacing for all posts remains the same for both designs at 1905 mm (6' 3" ). When the ET-2000
Plus was impacted head-on at 100 km/h with the 2000-kg pickup truck, 11.6 m (38 feet) of ralil
was extruded. The modified design will allow approximately 7.6 m (25 feet) of rail to extrude
in advance of the first standard line post (wood or steel). Since the kinetic energy of a vehicle
impacting at 70 km/h is less than half of the TL-3 impact speed of 100 knvh and the expected
amount of system stroke is proportional to impact severity, less than 6 m (20 feet) of rail can be
expected to be forced through the extruder head in a 70 kmvh impact. Therefore, a vehicle will
be stopped before reaching the first non-breakaway post. In the 820-kg vehicle head-on test of
the original ET-2000 at 100 km/h, approximately 4 m (13 feet) of rail was extruded. Thus, for a
small car impacting head-on with at a 38-mm (15 inch) lateral offset, the TL-2 design would be
expected to satisfy even the TL-3 evaluation criteria. Since there are no changes in your
anchorage design, and the angle tests required on the nose would be unaffected by the reduced
number of breakaway posts, we agree that no additional tests are needed to verify acceptable

TL-2 performance.

Based on the above, we consider the modified ET-2000 Plus as described herein to be
acceptable for use on the National Highway System as a TL-2 terminal when such use is
requested by a transportation agency. This acceptance includes the use of any of the current
breakaway post options, i.e., breakaway wood posts in 1.8 m (6 foot) tube seeves without soil



plates or in 1.37 m (4.5 foot) tube seeves with soil plates, or steel hinged breakaway posts;
(HBA posts). Users should be advised that, as with all TL-2 terminals, the TL-2 ET-2000 Plus
should be used only at locations where impact speeds are expected to be at or below the TL-2

speed of 70km/h (approximately 45 mph).

Sincerely yours,

Ll ik,
Dwight A. Horne
Director, Office of Highway Safety Infrastructure
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us. Department 400 Seventh St., S.W.
of Transportation Washington. D.C. 20590
Federal Highway . Refer to: HSA-CC12|
Administration Apr|| 10, 2000

Mr. Rodney Boyd
Trinity Industries, Inc.
2525 Stemmons Freeway
Dallas, TX 75207

Dear Mr. Boyd:

Mr. James R. Albritten of Exodyne Technologies, Inc., in his capacity as aconsultant to Trinity
Industries, Inc., sent me two separate letters, both dated March 16, requesting that my response
be sent directly to you. One of these letters requested acceptance of the 3" x 3" xI/4” (76mm x
76mm x 6.4mm) steel ground strut that was used in the certification testing for the Hinged
Breakaway (HBA) post ET-2000 as an dternative to the original channel strut for use with any
of the previously accepted ET-2000 combinations of wood breakaway posts and tube sleeves.
The second letter requested confirmation that the Federal Highway Administration considered
the HBA poststo be adirect substitute for the weakened wood posts in any of the previously
accepted versions of the ET-2000.

The angle strut described above performed satisfactorily in the strength test you ran using your
HBA posts and it has a greater moment of inertia than the steel channel strut currently in use.
Therefore, when this galvanized steel angle is attached to the first two wood post/soil tube
assemblies with 3/4” (19mm) high strength bolts as described in your letter and shown on
Enclosure 1, it may be considered an alternative to the original channel strut design.

#
We also confirm that the HBA posts may be used as a direct substitute for the original
weakened wood posts in any of the ET-2000 configurations previously accepted as meeting
Report 350 evaluation criteria.

Sincerely yours,

Frederick G. %

Program Manager, Safety
Enclosure
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APPENDIX D —SRT-350 APPROVAL LETTERS

The FHWA approval letters can be found on their web site at:

http://saf ety .fhwa.dot.gov/fourthlevel/hardware/term_cush.htm
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US Department 400 Seventh St 5 W
of Transportation DEC / }995 Wasmington, D C 20590
>

Federal Highway
Administration

Refer to: HNG-14

Dr. Hayes E. Ross, Jr.

Research Engineer

The Texas A&M University Systenm
Texas Transportation Institute
College Station, Texas 77843-3135

Dear Dr. Ross:

Your November 6 letter to Mr. William A. Weseman provided
videotape and test reports indicating that the Slotted Rail
Terminal (SRT) successfully met the National Cooperative Highway
Research Program (NCHRP) Repcrt 350 evaluation criteria as a test
level 3 (TL-3) guardrail terminal. This letter also reguested the
Federal Highway Administration's (FHWA) concurrence in this
determination.

In reviewing this material, we noted that the final NCHRP
Report 350 terminal differed from the 230 tested design in the
following ways:

1. The 305-mm long slots at post number 2 have been
eliminated.

2. The w~beam rail element spanning posts 3 through 11 is a
single section 76 20ff mm in length. The 230 design used
two 38 10R-mm sections of w-beam in this area.

3. In lieu of a shelf angle to hold the rail in place, the
350 design uses standard 305-mm long w-beam backup plates
at post 2 and at posts 4 through 10.

4. The 350 design uses a total of eight CRT posts (posts 3
through 10).

The final SRT design is shown in enclosure 1. Enclosure 2
summarizes the results of the full-scale tests that were
conducted during the compliance testing for the SRT. We
concur with the researchers' opinion that tests 3-30 and 3

34



2

need not be rerun on the modified design and that tests 3-32 and
3-33 may be walved for this terminal. 1In all tests the occupant
impact velocities and subsequent ride down accelerations were
below the maximum allowable values given in the NCHRP Report 350
evaluation criteria.

The FHWA concurs that the SRT is an acceptable TL-3 terminal for
strong-post w-beam barrier and may be used on projects on the
National Highway System when selected by a State highway agency.

Since the SRT is a proprietary design, its use on Federal-aid
highway projects is subject to the conditions in Title 23, Code
of Federal Regulations, Section €35.411, a copy of which is
enclosed for your ready reference.

As with all gating terminals, the SRT must be installed on a
relatively level site and have a reascnably clear and traversable
area behind it for optimal performance in the field. We assume
that, as with the BCT and the MELT terminals, the barrier length
of need begins at post number 3 for the SRT.

A copy of this letter with enclosures will be sent to all FHWA
field offices for information. Questions concerning this
terminal should be addressed to Mr. Richard Powers of my staff at
(202) 366-1320.

Sincerely yours,

_‘-""—-M .- o
Jerry L. Poston, Chief
Fecderal-Aid and Design Division

3 Enclosures

.cometric and Roadside Design Branch Acceptance Letter CC-31
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Table 1. Summary of performance evaluation of compliance tests for 350 SRT terminal.

NCHRP . - Occupant Impact Ridedown
350 . TTI Test Impact Conditions Velocity Acceleration Re§ults Meet
Test Description No. N(,H-RP 350
No. Speed Angle Long. Lateral | Long. | Lateral | Requirements
Small Car w | 99.4 km/h 8.4 m/s 2.6 m/s
=t Head-On 220530-5% | o1 g mim) | QY8 | 267 fus) [ 86 fws) | PAB | 1308 Yes
Pickup Truck 1014 5.4 m/s 3.2 m/s
3-31 g 220530-10 kh | 0deg. | o | s e | 708 | 828 Yes
W (63.0 mi/h) X 4
Small Car LEL8 5.9 m/s 7.2 m/s
3-34 N 2404SR-5" | km/h | 15deg. | I ' -18¢g [-138¢ Yes
Redirection (63.3 mi/h) (19.2 ft/s) | (23.7 fi/s)
Pickup Truck 99.2 km/h 20.9 8.6 m/s 0.8 m/s
3-35 Redirection 220536-13 (61.6 mi/h) | deg. (28.3 ft/s) | (2.6 fi/s) hag ] 105E s
Pickup Truck 102 21.0 39 m/s 1.6 m/s
239 Reverse Direction 22033614 (621.(';11;111.’!1} deg. (12.8 ft/s) | (5.4 {t/s) 28g ) 60¢g Yes

® Reference 2. 230 SRT Terminal Compliance Test.
® Reference 7. Split Rail End Terminal Compliance Test.

AN Ar oA mem



§ 635.

23 CFR Ch. | (4-1-90 Edition)

#635.411 Material or product selection.

(a) Federal funds shall not partici-
pate, directly or indirectly, in payment
for any premium or royalty on any
patented or proprietary material, spec-
ification, or process specifically set
forth In the plans and specifications
for a project, unless:

(1) Such patented or proprietary
item is purchased or obtained through
compelitive bidding with equally suita-
ble unpatented iLtems; or

(2) The State highway agency certl-
fies either that such patented or pro-
prietary item Is essential for synchro-
nization with existing highway facili-
ties, or that no egqually suitable alter-
nate exists; or

(3) Such palented or proprielary
item Is used for research or for a dis

184

leral Highway Administration, DOT

tinctive type of construction on rela-
tively short sections of road for experi-
mental purposes.

(b) When there is available for pur-
chase more than one nonpatented,
nonproprietary material, semifinished
or finished article or product that will
fulfill the requirements for an item of
work of a project and these available
materials or products are Judged to be
of salisfactory quality and equaliy ac-
ceptable on the basls of engineering
analysis and the antleipated prices for
the related item(s) of work are esti-
mated to be approximately the same,
the PS&E for the project shall elther
contaln or Include by reference the
specifications for each such material
or product that is considered accepta-
ble for incerporation in the work. If
the State highway agency wishes to
substitute some other acceptable ma-
terial or product for the material or
product designated by the successful
bidder or bid as the lowest alternate,
and such substitution results in an in-
erease in eosts, there will not be Feder-
al-ald participation In any increase in
costs.

(c) A State hlghway agency may re-
quire a specific material or product
when Lhere are other acceptable mate-
rials and products, when such specific
choice 1s approved by the Division Ad-
ministrator as being In the public in-
terest. When the Division Adminisira-
tor's approval 1s not obtained, the item
will be nonparticipating unless bidding
procedures are used that establish the
unit price of each acceptable alterna-
tive. In this case Federal-aid participa-
tion will be based on the lowest price
80 eslablished.

(d) Appendix A sets forth the
FHWA requirements regarding (1) the
specification of alternalive types of
culvert pipes, and (2) the number and
types of such alternatives which must
be set foirth in the specifications for
various types of dralnage installations,

(¢) Reference In specifications and
on plans to single trade name materi-
als will not be approved on Federal-ald
contracls,

185
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U.fS.TDemrTmenT 400 Seventn 5t S W

of Iransportanon Washnington, D C 205380
Federal Highway

Administration January 27, 1998

Refer to;: HNG-14

King K. Mak, P.E.

Research Engineer

The Texas A&M University System
Texas Transportation Institute
College Station, Texas 77843-3135

Dear Mr. Mak:

In your December 11, 1997, letter you requested the Federal Highway Administration’s
acceptance of proposed design changes to the Slotted Rail Terminal (SRT) as an alternative to
the current design. Briefly, these modifications consist of the elimination of the ground-level
strut berween the first two posts in the terminal (and the use of a reinforced concrete footing at
the first post with either a concrete footing or a 2177-mm long steel foundation tube with a soil
plate at the second post) and the substitution of a rounded W-beam end section (Guide for
Standardized Highway Barrier Hardware Designation RWEQ3a) for the current one-piece,
wrap-around buffered W-beam end section. You provided an analysis of numerous crash tests
of the Breakaway Cable Terminal (BCT) and early developmental designs of the SRT to
support your assertion that the changes would not affect the pertormance of the SRT and that
additional full-scale testing was not needed.

We concur with your proposal to replace the current end section with the standard RWEQO3a
end section. However, we need additional information on the more significant changes in the
anchorage design. We do not believe tests of the BCT are dirertly applicable to the SRT
because the BCT is a much stiffer system, having only two weakened posts and an intact
W-beam rail element (i.e., no cut-outs/slots) that is bolted to each post. Consequently. the
tensile forces transmitted through the rail to the cable end-anchor in a dewnstream impact
would be less with the BCT than would occur in a similar impact with the SRT. In addition,
even though the calculated impact severity is higher in the 25-degree National Cooperative
Highway Research Program (NCHRP) Report 230 test with a 4500-pound sedan than in the
20-degree Report 350 test with a 2000-kg pickup truck, recent experience with the NCHRP
Report 350 testing has shown conclusively that a successful NCHRP Report 230 test with a
passenger car does not guarantee similar performance with the 2000-kg pickup truck. On the
other hand, more information on Test No. 220536-13 (NCHRP Report test 3-35), which was
run to qualify the current design as a NCHEP Report 350 terminal, might be persuasive if it
reveals no movement in the first and second posts. Some details on this test were included in



()

your October 1995 report, “NCHRP Report 350 Compliance Testing of the W-beam Slotted
Rail Terminal,” but no information on end-anchorage movement was included. Qur review of
the crash test video tape submitted with the report failed to shed any light on this aspect of the
test. If you can provide a more detailed analysis of this test, we may be able to conclude that
the proposed modified anchorage is acceptable without rerunning Test 3-35. We would point
out, however, that the NCHRP Report 350 strength test of the original MELT design resulted
in the end post pivoting on the strut and pulling several inches out of the ground. This
indicates to us that the strut is essential in the current anchorage design, and that its
elimination and the subsequent use of a concrete footing at post No. 1 must be conclusively
Justified.

A second concern we have is the effect that a different foundation design at the second post
might have on Test 3-34, the critical impact point (CIP) test. In reviewing the test you
originally submitted to us for acceptance of the SRT under the NCHRP Report 350 guidelines,
we noted that the second post (a weakened wood post set only in soil) showed significant
lateral detlection. With your proposed modified anchorage design, this second post can be set
in a concrete foundation and, in this less yielding foundation, may fail in the CIP test,
resulting in unacceptable performance. Thus, we believe that test 3-34 is necessary to show
that this change will not degrade system performance. If test 3-34 is passed with the second
post set in concrete, we will accept a steel tube with a soil plate at post No. 2 as an alternate
design without additional testing.

As a general comment, members of my staff have observed numerous problems in the past
when concrete footings were used with BCT installations. Since relatively small volumes of
concrete are required, installation costs tend fo be significantly higher than tube foundations,
particularly in remote or isolated locations. Also, if the reinforcing is omitted or the
excavation for the footing is conical rather than cylindrical or the existing soil is weak or
saturated, the anchor is likely to fail if the guardrail is hit just downstream from the end. For
these reasons, we believe it is essential that acceptable soil and foundation details for posts 1
and 2 be determined and clearly specified if your proposed changes prove to be otherwise
acceptable.

Please do not hesitate to call Mr. Richard Powers at (202) 366-1320, or Mr. James Hatton at
(202) 366-1329, if you wish to discuss this response in detail.

Sincerely yours,

Lﬂfq% 6«/{?.4-‘-‘-’""

Dwight A. Horne
Chief, Federal-Aid and Design Division

FHWA:HNG-14:RPowers:366-1320:rp:1-22-98:KMAK
copies to:
HNG-1 HNG-10 HNG-14 Reader, 3128 File, 3128



June 18, 1998

Refer to: HNG-14

King K. Mak, P.E.

Research Engineer

The Texas A&M University System
Texas Transportation I nstitute
College Station, Texas 77843-3135

Dear Mr. Mak:

On June 9 you wrote to Mr. Henry Rentz, Director, Office of Engineering, requesting the Federal
Highway Administratrion’s (FHWA) acceptance of modifications to the Slotted Rail Terminal
(SRT) design that was first approved as an National Cooperative Highway Report Program
(NCHRP) Report 350 Test Level 3 (TL-3) terminal on December 4, 1995. Included with your
request were copies of the Texas Transportation Institute report, “ Optimization of the W-Beam
Slotted Rail Terminal,” dated May 1998, a composite video tape of the crash tests conducted, and
drawings of the modified design.

This modified design, called the Improved Slotted Rail Terminal (ISRT-3), included areduction
in the end offset from 1.22 mto 0.91 m, areduction in the length of the parabolic flare from 11.4
mto 8.9 m, an increase in the spacing between posts 3 to 9 from 0.95 mto 1.27 m, and the
addition of athird set of 305-mm long dots in the second 3.81-m section of w-beam. In addition
to these changes, the ISRT-3 uses redesigned sot guards, eliminates the w-beam backup plates,
and specifies that the w-beam rail element be bolted to all posts except posts 7 and 8. Enclosure 1
shows the design and layout of the ISRT-3.

To support your request, you ran four full-scale crash tests:. NCHRP Report 350 tests 3-30,
3-31, 3-34, and 3-35. All testswere run on the ISRT-3 design except 3-34 which was run on a
similar design (called | SRT-4) having the original SRT-350 four-foot flare over its full
11.4-mlength. Enclosure 2 contains the summaries of each of the four tests.

Based on our review of the information you sent, we agree that the ISRT-3, astested, meets the
evaluation criteriafor an NCHRP Report 350 TL-3 terminal. Therefore, it may be used on the
National Highway System (NHS) when it is specified by, or acceptable to, the responsible
transportation agency. Because it remains a proprietary device, use of the ISRT-3 on Federa-aid
projects, except exempt, non-NHS projects, is still subject to the conditions listed in Title 23,
Code of Federal Regulations, Section 635.411.



2
Y ou also requested that the | SRT-3 be accepted for use with any one of four different foundation
tubes: 1.82-m or 1.98-m long steel tubes without soil plates, and 1.52-m or 1.37-m long steel
tubes with soil plates. We agree that any one of these combinations may be used.

Please call Mr. Richard Powers at (202) 366-1320 if you have any questions on this action or if
you wish to discuss any of the above in more detail.

Sincerely yours,

(original signed by Seppo |. Sillan)

for Dwight A. Horne
Chief, Federal-Aid and Design Division

2 Enclosures
Acceptance Letter CC-51
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Two 16D Nails to Prevent —
Plate Rotation (Through 16
Dio. Holes in Pl. and Bent)
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11 sansoyrouy

288y

jc ¥

wn



1143

DETAIL G

SHORT BREAKAWAY WOODEN POST

Bent Plote 50 x S5 x 476

Typ

5
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WONDEN CRT POST

o ]
7 1
-—3F--L 152 206

-, —

5To_—|:} _

Channel C150 x 12.2 135 |
1705
100
25 | i | I
=l 8 [
[ | 7
| 22 x 50 1 25 Rad. (Typ.
! 2 in Line !
[t 1905 |
DETAIL |

GROUND STRUT

Revised on 5/4/98
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- RISTIoIT.

Impact Conditions Test Article Deflections (m)

General information )
Speed (km/) . ... ... .... 99.4

:J] Testdgency .. ......... Texas Transportation institute Dynamic . ... .......... 7.01
TEETNG: - « cwrimen « o % « 220546-6 Angleideg) .. ........... 0.0 Permanent . ........... 3.80
Date ................ 04/08/98 Exit Conditions Vehicle Damage

Test Article : Speed (km/b) .. ... ... .... 43.6 Exterior
Typa ... .. e, Terminal Angle (deg) .. ... ... .. ... 17.6 VDS & s s 5 4o 5 0 oun 12FL4
Name . ............. ... Improved SAT Occupant Risk Values coc ........ e 1 sioasate 12YZEW3
Installation Length {(m) . ... 53.3 Impact Velocity {m/s) Maximum Exterior
Material or Key Elements .. Slottad W-beam guardrail x-gdirection . . .. ......... 6.8 Vehicle Crush [mm) .. .. 300
with 315 mm flare ydirection ., . ......... 34 Interior
Soil Type and Condition . .... Standard Soil, Dry THIV (km/h) ... ... % ¥ EEEE 248 QCDE v o vmie v v srois LS0000000
Test Vehicle Ridedown Accelerations (g's} Max. Occ. Compart.
TVYPO v &ovs 4 6 v o & Production x-direction . . ... ........ -13.5 Deformation (mm) . . ... 17
Designation . . ... ... ... 820C 7 ydirection . . ..., ... ...... 11.8 Post-Impact Behavior
Model . ............. 1993 Ford Festiva PHDIg's) .............. 15.3 (during 1.0 s after impact)
Mass (kg) Curb . . ... ... 856 ASl ... e 0.8 Max. Yaw Angle (deg) . ... 27
Test Inertial . ... 820 Max. 0.050 -5 Average (g's) Max. Pitch Angle (deg} . ... -2
Dummy ... ... 76 x-direction . . . ... ....... 7.7 Max. Roll Angle {deg) 7
Gross Static . . . . BS96 y-direction . . ... ........ 6.3
z-direction . ... ......... -1.5

Figure 19. Summary of results for test 220546-6, NCHRP Report 350 test 3-30.
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0.000 s 0.119s 0.262 s 0476 s

e T T I
48.2 m . i
r_'_‘ LA L L] L) L} L} L] L v L L] L L] L) L] L LJ L | ! ' \;“';:.M.‘:.--. '
[ ' e | v o e :
1.9 deg —] -? =

[EES .4_..._].___._......___

- REETinErT. ==
General Information . . Impact Conditions Teast Article Deflections {m)

- TestAgency ........... Texas Transportation institule Speed (km/h) . .......... 100.6 Dynamic . .. ........... 7.23
TestNo. .............. 2205486-5 Angle{deg) ........ ..... 0.0 Permanent . ........... 3.94
Date .........coc005-, 04/02/98 Exit Conditions Vehicle Damage

Test Article Speed (km/Mh) ... ........ 771 Exterior
Type .. i Terminal Angleideg) . ............ 1.9 VDS ... ... 12FD2
Namig... « “ovwi o i s v Improved SRT Occupant Risk Values CDC. i & saviin « ¢ womine o 3 12FDEW2
Installation Length {m} . ... 5§3.3 Impact Velocity {m/s) Maximum Exterior
Material or Key Elements . . Slotted W-beam guardrail x-diwection . ... ......... 5.0 Vehicle Crush (mm) . ... 270
with 915 mm flare y-diwection .. .......... 1.5 Interior
Soil Type and Condition . . . .. Standard Sail, Dry THIVikmM) . ........... 18.2 ocol ... ......... FSO000000
Test Vahicle Ridedown Accelerations (g's) Max. Occ. Compart.
Typs . . .. Production x-direction . . ........ ... 4.4 Deformation (mm) ... .. 25
Designation . . . . ........ 2000P y-direction . . ........... -28 Post-lmpact Behavior
Model ............... 1995 Cheavrolet 2500 pickup truck PHD(g's) ......._...... 5.1 {during 1.0 s after impact)
Mass (kg) Curb .. . ... ... 1898 7 0.4 Max. Yaw Angle (deg) . ... -12
Test Inertial . ... 2000 Max. 0.050-5 Average (g's) Max. Pitch Angle (deg) . . .. -6-
Dummy . ...... No dummy x-divection . . . ..... .., .. -4.6 Max. Roll Angle (deg) 34
Gross Static . . .. 2000 y-divection . . .. ......... -1.6
z-direction . . ........... -1.8

Figure 11. Summary of results for test 220546-5, NCHRP Report 350 test 3-31.
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ol — 3 P20

General Information
wn
00 TestAgancy . ..........
TestNo. .. ..._........
Date ................
Tesl Article
Typs . ... oo
Name ................
Installation Length (m} . ...
Material or Key Elaments . .

Soil Type and Condition . .. ..
Test Vehicls

Type .. ... ... v

Designation . ... ........

Model . ..............

Mass (kg) Curb .. ... ...

Test nertial . . . .

Dummy .. .....

Gross Static . . . .

Texas Transporiation institute
220b646-8
0b6/19/98

Terminal

Improved SRT

53.3

Slotted W-beam guardrail
with 1220 mm flare
Standard Soil, Dry

Production
$600R-
1994 Geo Metro
770
820

75
:1:1)

Impact Conditions

Speed (km/) ... ... .. ... 101.1

Angle (deg) ... ........._. 16.7
Exit Conditions

Speed (km/h} . ... ... .... 57.4

Angle {deg) . ... ......... 17.5

Occupant Risk Values
Impact Velocity (m/s}

x-direction . . ... ... ..,.. 8.3
y-direction . ... ........ 4.7
THIV ikm/h) ... ......... 26.0

Ridedown Accelerations {g’s)
x-dwection .. ........... -9.1
y-dirgction . . . . ... . ... .. -10.9

PHD (@'s) . ............. 13.8

ASl ¢ i o & Bt 2 & Baliies = 0.8

Max. 0.050-s Average {(g's)
x-direction . ... ..., ..., -6.8
y-directien . ..., ......... -6.0 -
z-direction . ... ..., .. ... -2.7

Test Article Deflections {m}
Dynamic . ... ..........
Permanent .. ... ......,

Vehicle Darmage
Extanior

VDS i v ammnvvieins

CDC ...............
Maximumn Exterior

Vehicle Crush (mm} . . . .
Interior

ocDl ...
Max. Occ. Compant,

Detormaton {mm)

Post-lmpact Behavior
(during 1.0 s after impact)
Max. Yaw Angle {deg) . . ..
Max. Puch Angle {deg) . . . .
Max. Roll Angle (deg)

- . '
Figure 35. Summary of results for test 220546-8, NCHRP Report 350 test 3-34.
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0.000 s

0.124 s

E-\

5 General Information
oo TestAgency ...........

Date ................
Test Article

TYPR: & s i 5 5 oo v @ pasa

Name . ...........-.-.

Installation Length {(m) .. ..

Material or Key Elements . .

Soil Type and Condition . . ...
Test Vehicle

THDB ¢ i s ¥ S5n i s 5 odn

Designaton . . . ... ......

Modal- ;oo 2 caiien e g s

Mass (kg) Curb . . .. ... _.

Test lnertat . . . .

Dummy . ......

Gross Siatic . . . .

Texas Transportation institute
220646-7
04/24/98

Terminal

Improved SRT

53.3

Slotted W-beam guardrail
with 915 mm fiare
Standard Soil, Dry

Production 4
2000pP ‘

1995 Chevrolst 2500 pickup truck
2062

2000

No dummy

2000

Impact Conditions
Spead (km/h) .. ... ... ... 99.2
Angle (deg) . ............ 19.5
Exit Conditions
Speed (km/h) .. ......... 28.3
Angle(deg) . .. .......... 221

Occupant Risk Values
impact Velocity (m/s)

x-direction . . . .......... 6.6
y-directiont ., . .......... 4.5
THIV (km/M) ... ... ... 23.0

Ridedown Accelerations {g's)
x-direction . . . .......... -1.6
y-direction , . .. ... ..., .. -6.9

PHD (g's) . ............. 10.6

BSE v vovns 5 6 mavuis o 5 00 0.8

Max. 0.060 s Average {(g's)
x-direction . ... ..., ... ... -5.3
y-dwection . ... ... ... ... -5.6
z-dwection . .. ..., ..... 4.1

Test Article Deflections (m)
Dynamic . .. ........ ...
Permanent . .. .........

Vehicle Damage
Exteiior

MDS .« e = v e 6 ae

CDC i 5w o v 2w 5
Maximum Exterior

Vehicle Crush {mm) . . . .
Intenor

6] 51 |
Max. Occ. Compart.

Delormation {mim) . . . ..

Post Impact Behawior
(during 1.0 5 after impacit)
Max. Yaw Angle (deg) . . . .
Max. Pitch Angle (deg) . . . .
Max. Rol Angle {degl

>
Figure 27. Summary of results for test 220546-7, NCHRP Report 350 test 3-35.
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June 4, 1999 Refer to: HMHS-
CCh1A

Mr. King K. Mak

Research Engineer

Safety & Structural Systems Division
Texas Transportation Institute
College Station, TX  77843-3135

Dear Mr. Mak:

In your April 26 letter to me you requested the Federal Highway Administration’s acceptance at
the National Cooperative Highway Research Program (NCHRP) Report 350 test level 3 (TL-3)
of an Improved Slotted Rail Terminal having a 1.22-m end offset. | have previously accepted a
similar design with a 0.9-m end offset (initially called the Improved Slotted Rail Terminal or ISRT
and subsequently marketed as the ROSS - Reduced Offset Slotted System) in my June 18, 1998
letter to you. The primary difference in the new 1.22-m offset design from the origina Slotted
Rail Terminal (SRT) design is an increase in the post spacing, which reduced the number of CRT
posts from eight to six, as was done with the ROSS, and the addition of a steel strap below the
post bolt holes on the first two posts.

To support your request, you sent me copies of two reports prepared at the Texas Transportation
Ingtitute by K. K. Mak, H. E. Ross, Jr., R. P. Bligh, and W. C. Menges. “Improved W-Beam
Slotted Rail Terminal With 1.22-M End Offset,” dated December 1998, and “Improved W-Beam
Slotted Rail Terminal with 1.22-m End Offset and Steel Line Posts,” dated April 1999. You also
sent video tapes showing the tests that you ran on each design. A summary of each test is
enclosed as Enclosure 1. Enclosure 2 shows the design details of the Improved Slotted Rail
Terminal with a 1.22-m offset. A 19-mm wide, 0.38-mm thick stedl strap was added
approximately 25 mm below the post bolt hole in posts 1 and 2 to lessen the likelihood of these
posts splitting under tensile loading.

Based on staff review of the material you submitted, the Improved Slotted Rail Terminal with a
1.22-m offset is acceptable for use on the National Highway System when installed with either
steel or wood line posts. Since | have previously accepted this termina with a 0.9-m offset, an
intermediate offset design of 1.07 m can also be considered acceptable, as you requested. The
appropriate post offsets for each of the three variations are shown in Table 1 (Enclosure 3). The
19 mm steel strap must be used on posts 1 and 2 when the 1.07-m offset layout is used.

Finally, you also asked to standardize the dlot pattern in the second w-beam panel with two sets of
305-mm long dots and stated that such standardization would have no adverse effect on system
performance. Since our review of tests previously conducted with the three-dot panel showed
that the middle set of dots did not activate in either end-on test, you may also consider



2
this change acceptable. The standard panel, which can be used with all previous and current
dotted Rail terminals, is as shown on page 2 of Enclosure 2. The steel-tube, soil plate alternatives
listed in my June 18, 1998 letter for the first two posts of the ISRT/ROSS remain acceptable for
use with the 1.07-m offset and the 1.22-m offset ISRT.

Sincerely yours,

(original signed by Dwight A. Horne)

Dwight A. Horne
Director, Office of Highway Safety Infrastructure

3 Enclosures
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General Information Impact Conditions Test Articie Deflections (m)

TestAgency ............. Texas Transportation Institute Speed{(kmm) ................ 100.6 Dynamic................. 1.37

TestNo. ................ 220546-14 Angla(deg) ................. 20.5 Permanent ............... 1.05

Date ................... 03/09/99 Exit Conditions Vehicie Damage

Test Article Speed{(kmMm) ................ 48.5 Exterior

TYPE oo Terminal Angle (deg) .. ............... 12.6 VDS oo 01FL3

Name or Manufacturer . . ... Improved SRT w/ 1.2 m flare Qccupant Rlsk Vaiues GO g s iz i o oo woeiy 01FREW3

Installation Length (m) ..... 533 Impact Velocity (m/s) Maximum Exterior

Material or Key Elements .. . Slotted YW-beam guardrall xdirection ................ 4.6 Vehicle Crush (mm) . ..... 400

ydirection ................ 4.3 Intarior
Solil Type and Condition . ... Standard soil, dry THIV(kmM) ...t 20.4 OCD « cviws cimine i oa FS0002000
Test Vehicle Ridedown Accelerations (g's) Max. Occ. Compart.

Type ....... e Production x-direction ................ -8.0 Daformation (mm) ....... 15

Deslgnation ............. 2000P y-directon ................ -10.8 Post-impact Behavlor

Madel .................. 1983 Chevrolet 2500 pickup truck PHD {g's) ...... SV e 12.8 {during 1.0 8 atter impact)

Mass (kg) ABE  cowin sn v s i on s e 0.68 Max. Yaw Angla (deg) ...... -29
Cub................. 2083 Max. 0.050-8 Average (g's) Max. Pitch Angle (deg) . . .. .. -6
TestInartial ........... 2000 x-girection ................ -5.8 Max. Roll Angle {deg) ..... .. 20
Dummy .............. No dummy ydirection ................ 4.8
Gross Static . .......... 2000 z-direction ................ 39

Figure 13. Summary of Results for test 220546-14, NCHRP Report 350 test 3-35.
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General Information

Test Agency ..... « @ oo

TestNo. . ...........0

Date .. .....
Test Article

TYPB oo v ivaiire i b naln

Name or Manufacturer ...
Instaliation Length {m]
Material or Key Elemants

Soil Type and Condition
Test Vehicle
Type .. .o
Designation . .. ..., ....
Model ..............
Mass (kg)
CUID 55 5 w6 et 5 2 o
Test Inertial ... ...,...
Dummy . ........ ...
Gross Static ........

Toxas Transportation institute
220546-10
11/24/98

Terminal

Improved SRT with 1.2 m offset
63.3

Slotted W-beam guardrail

Standard soil, dry
Production

2000P
1995 Chevrolet 2600 pickup truck

2000

Impact Conditions
Speed (km/h) . ............ 100.5
Anglefdeg) ............... 204
Exit Conditions
Speed (km/h} . ...... ... ... 38.9
Angle (deg} . . ........ www v v QR
Occupant Risk Values
impact Velocity {m/s)

x-direction . ..... b e e 7.2
y-direction . . ....... ... .. 4.4
THIV (km/h) . ..o 25.0

Ridedown Accelerations {g's}
x-direction . ....... ... .., -8.2
y-direction . ............. -8.2

PHRAG™S) v v v vmsss v novcin o 2 10.9

ASI 2o s vens & saum s & oo e 070

Max. 0.050-s Average (g's)
x-direetion . . ... 0. -6.5
y-direction .. .. ... ..., 5.1
z-direction . ... .......... 33

Test Article Deflactions (m)

Dynamic . ....coc0vnuu 1.03
Permanent . ........ ... 018
Vehicle Damage
Exterior
VDS Gois s 6 pvmns 7 @ sliis D1FL3
COC 5 6 vnssins 3 6 nase O01FREW3

Maximum Exterior
Vehicle Crush {(mm) .... 290
Interior

oco! ... ... RSD000000
Max. Occ. Compart.
Deformation (mm) .. ... nil
Post-impact Bshavior

{during 1.0 s after impact}

Max. Yaw Angle {deg) .... -45
Max. Pitch Angle (deg) . ... -8
Max. Rolt Angle (deg) . .. .. 18

Figure 15. Summary of results for test 220546-10, NCHRP Report 350 test 3-35.
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il Rounded W-Beom End Section (See Detail C}
140 x 180 x 1143 BCT Timber Post in Concrete Footing (See Detail G)

150 x 200 x 1830 Wooden CRT Post (See Detail H)
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Tangent line projected from the foce of the last two
post blocks in the standard post section.
Plan
o Modified G4-15
11430 Parabolic Flore Guardrail
3810 Section of Slotted Rail | 3810 Section of Slotted Rail -, 3810 Section of Std W—Beom Rail
(See Detail A) I (See Detail B)
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(See Detail F) Slotquard {See Detail D)
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Notes: posts 3 through B are CRT posts Elevation
posts 7 and B not connected to rail
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MODIFIED SRT-350

REVISED ON 1/15/99
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Two 16D Nails to Prevent
Plate Ratation (Through 16
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(See Detail)
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445
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DETAIL G
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Enclosure 3

Table 1. Lateral Post Offset for End Offsets of 915, 1070 and 1220 mm




December 18, 2000

Mr. Rodney A. Boyd Refer to : HSA-1/CC72
Trinity Indugtries, Inc.

2525 Stemmons Freeway

Post Office Box 568887

Dallas, Texas 75356-8887

Dear Mr. Boyd:

In his November 21 letter to Mr. Richard Powers of my saff, your consultant, Mr. James Albritton,
requested the Federd Highway Adminigration’ s (FHWA) acceptance of a modified Sotted Rall
Termina (SRT) as an Nationd Cooperative Highway Research Program (NCHRP) Report 350 test
level 3 (TL-3) termind for w-beam guardraill. To support this request, he dso sent the Texas
Trangportation Inditute (TTI) find report entitled * Tegting and Evauation of the Linear SRT with Sted
HBA Pogts,” dated November 2000, and copies of the test video tapes.

The tested design conssted of an 11.4-m (37.5-foot) straight flare with the first post offset 1.2 m (4
feet) from the downstream guardrail. The two anchor posts were sted Hinged Breskaway (HBA)
posts while the remaining posts were sandard 1830-mm (6-foot) long CRT posts. The HBA posts
were modified dightly from the design accepted for use with the ET-2000 termind. These modifications
included the use of 102 x 152 x 5 mm (4 x 6 x 3/16 in) soil tubes in lieu of W150 x 13 (W6 x 8.5) sed
stub pogts, and two pardlel ground struts between post no. 1 and post no. 2. To prevent premature
falure of the end pogt in a downstream hit, the rail to post attachment hole at post no. 1 was dotted to
the end of the beam dement. Enclosure 1 shows these and other design detalls.

Y ou conducted three tests on your proposed design. These were NCHRP Report 350 tests 3-30, 3-
31, and 3-35. Test 3-32, an 820-kg car impacting the terminal nose at 100 knvh and a a 15 degree
angle, was conducted when the HBA posts were developed and tested with the tangent ET-2000.
Satisfactory performance with these smilar posts on the flared SRT can be safely assumed. Test 3-33,
the test with a 2000-kg pickup truck under the same impact conditions astest 3-32, can dso be
walved. Test 3-34, a 20 degree impact at post no. 2 with the smdll car, was conducted under earlier
tests of the origind SRT desgn which has a more critica parabolic flare, rather than the straight flare of
the lineer SRT.

The design that you actudly tested used four CRT pods. In reviewing the tests, dl of which met

Report 350 evauation criteria, it was noted that the use of a sandard line post a post no. 7 contributed
to ardatively high roll anglein test 3-31 and to a higher than expected pitch angle intest 3-35. These
results can be directly related to the vehicle gtriking post no 7 in both tests. After discussons between
Mr. Richard Powers of my staff and Mr. Albritten, you agreed to specify afifth CRT pogt a post
position no. 7. This change from the tested design is reflected in drawing no. SS 351 dated December
12, 2000 (Enclosure 1). The summary results of the three tests you conducted are enclosed (Enclosure



2). Based on the reaults of test 3-35, the beginning length-of-need of the linear SRT isa post no. 3,
gpproximately 3.8 m (12.5 feet) from the end.

Consdering the above, the modified linear SRT termind with an offset of 1.2 m (4 feet), two sted HBA
pogts, and five CRT posts may be consdered acceptable for use on the Nationd Highway Sysem asa
TL-3 w-beam termina when such useis requested by a State or loca transportation agency. As with
al gating, non-energy absorbing termindls, it should not be usad in locations where there is inadequate
run out distance immediately behind and pardld to theralling itself. Based on the find postion of the
pickup truck in test 3-31, gpproximately 53 m (175 feet) of barrier proper should be used in advance
of afixed object hazard when a non-energy aosorbing design like the SRT is used to terminate the
barrier.

Sincerely yours,

(origind sgned by Rudolph M. Umbs)
for
Frederick G. Wright, Jr.
Program Manager, Safety

2 Enclosures
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Figure 30. Summary of results for test 400001-SRT5, NCHRP Report 350 1est 3-30.
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Figure 16. Summary of results for test 220546-19, NCHRP Report 350 west 3-31.,
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Figure 23. Summary of results for test 400001-SRT2, NCHRP Report 350 test 3-35.
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APPENDIX E —SKT APPROVAL LETTERS

The FHWA approval letters can be found on their web site at:

http://saf ety .fhwa.dot.gov/fourthlevel/hardware/term_cush.htm
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April 2, 1997
Refer to: HNG-14

Mr. Kaddo Kothmann
President

Road Systems, Inc.

P.O. Box 2163

Big Spring, Texas 79721

Dear Mr. Kothmann:

Your March 4 letter to Mr. Gerald L. Eller provided the Federal Highway Administration
(FHWA) information on the design and the crash-test performance of a new w-beam guardrail
terminal named the Sequential Kinking Terminal (SKT-350). Design and performance details
were contained in a March 1997 report from Southwest Research Institute entitled “Full-Scale
Crash Evaluation of a Sequential Kinking Terminal (SKT-350)".

The SKT-350 is 15.2 m long and can be installed parallel to the roadway or with a50:1 flare. Its
major components include a 3.81-m w-beam rail section (modified by punching three 102-mm x
12.6-mm long dotsin the “valley” of the rail centered at 267 mm, 546 mm, and 825 mm from the
upstream end of the rail), an impact head assembly, a guide tube and guide rail assembly, and a
breakaway cable anchorage assembly. Details for each of these components are included in the
enclosed drawings SKT-1 through SKT-5.

When the SKT-350 is struck head-on, the impact head is forced rearward, bending the w-beam
rail against the deflector plate which, in conjunction with a “kinker” beam in the head, causes
short segments of rail to kink sequentially, and bend away from the impacting vehicle. For hits at
and downstream from post 3 (the beginning of the length of need), the cable attachment transmits
the tensile forces in the rail to the anchorage system to contain and redirect the impacting vehicle.

NCHRP Report 350 requires up to seven crash tests to determine the adequacy of atraffic barrier
terminal/crash cushion at test level 3 (TL-3). Enclosure 2 is a summary of the results of the tests
actually run on the SKT-350. We have noted that tests 3-34 and 3-39 were not run. Test 3-34 is
a 100 kmvh, 15 degree impact with an 820-kg car at the “critical impact point” which is
approximately mid-way between the end of the terminal and the beginning of the length of need,
i.e., a post number 2 for the SKT-350. Test 3-39 isa 100 km/h, 20 degree impact with a 2000-
kg pickup truck at the mid-point of the terminal in areverse direction. Y ou stated that both tests
were run previoudly on the ET-2000 and/or BEST terminals and that, because of the similarity of
the three designs at the impact points specified for tests 3-34 and 3-39, these tests would be
redundant, and hence, unnecessary for certification of the SKT-350. After reviewing the earlier
tests and the details of the SKT-350 design, we agree that tests 3-34 and 3-39 are not needed.
However, we note that in the reverse direction tests (test 3-39) with both the ET-2000 and the
BEST, the impact heads were dislodged from the w-beam rail and were propelled approximately
60 m downstream in a line that was essentially parallel to the barrier installation. Under some site



and roadway alignment conditions this head could become a hazard to other motorists. We
assume that the SKT-350 head would act the same, and that users be advised accordingly.

Based on our analysis of the information you provided, we conclude that the SKT-350 termina
meets the appropriate evaluation criteria contained in NCHRP Report 350 and may be considered
acceptable for use on projects on the National Highway System (NHS) when selected by a State
highway agency. In addition to the design tested, we also agree that the post/foundation tube
combinations shown in Enclosure 3 are acceptable for use with the SKT-350 without additional
testing.

Since your product is proprietary, its use on Federal-aid highway projects, except exempt, non-
NHS projects, is subject to the conditions stated in Title 23, Code of Federal Regulations, Section
635.411. If you have any questions, please call Mr. Hatton at (202) 366-1329 or Mr. Richard
Powers at (202) 399-1320.

Sincerely yours,

(original James H. Hatton, Jr.)
for Dwight A. Horne, Chief
Federal-Aid and Design Division

3 Enclosures
Acceptance Letter CC-40
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"‘H' orY DESOM IPON DWC NO. AMD PART NO
1 1 [INPACT HEAD ASSY SKT-1: 8.C
Sx1-2: DEF.C
2 | ' |GUIDE RAIL AND GUIDE TUBE ASSY SKT-3: HIJKLM |
3 2 |FOUNDATION SLEEVE {B-4) SKT--4
4 1 |CABLE RELEASE BRACKET ASSY SKT-5: N,OP
5 1 [BCT CABLE ANCHOR ASSEMBLY -
6 & |PDEO9 6~ x 8" x 6'-0" CRT TIMBER POST (POSTS 3 THRU B) | -
? | 2 |POFOY 5.5 x 757 x 42.57 BCT TIMBER POST (POSTS 1 & 2) -
8 } | w-BEAM TERMINAL RAIL SECTION (12°-87) SKT-1: A
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o | o ory DESCR IPOK
A |SKT-1| 1 | W-BEAM TERMINAL RAIL SECTION (REF)
] SKT-1] 1 |FRONT IWPACT PLATE
€ [SKT-1] 2 [TOP AND BOTTOM PLATES
D |sxr-2] 1 |DERLECTOR PLATE
E |SKT-2] 1 |CUSSET PLATE
F [sk1-3] 1 [KiNKER BEAM
c [skr-2]| 1 [POST BREAKER BEAM
H {skT-3] 1 [cuie TuBse
1 [sKT-3]| 1 |GUIDE TUBE STRAP
J |sk1-3] 2 | GUIDE RAIL CHANNELS
K |sr-3| 1 |CENTER GUIDE RAIL STRAP
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A 1 |RAIL END SECTION 12 GA. W-BEAM
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UIDE RAIL CHANNEL

DESCRIr™IoN MATLRAL
B r CUIGE TUBE 0 G, 50 kal PLATE
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l%ﬂ arr DESCRI TRION MATERIAL .

CABLE RELEASE BRACKET | A36 3mm PLATE

CABLE RELEASE PLATE A3E 13mm PLATE
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TABLE 1. SUMMARY OF CRASH TEST RESULTS

Actual Impact

Occupant Risk

Conditions
Test Test Designation -
R s Comments Assessment
No. and Description Speed Angle OLV (mvs) RA (g’s) e
(km/h) (Deg.) Long. | Lat. | Long |} lat ]
SBD-1 | Test 3-35 - Pickup 998 200 5.7 1.7 -4.2 8.4 Maximum deflection=0.8 m (31.5 in.). PASS
truck redirection. (62.0 mph) Length of contact = 7.6 m (24.9 ft).
Posts 3 through 8 fractured.
“ SBD-2 | Test 3-31 - Pickup 1001 0 4.3 20 21.4 | -16.3 | Deformed bumper blocked exit of kinked rail and FAIL
truck end-on. (62.2 mph) limited kinking to approx. 1.3 m (4 {t). Posts |
through 7 broken off. Test judged unsatisfactory
due to excessive long. ridedown acceleration.
SBD-3 | Test 3-31 - Pickup 100.1 0 5.9 i.5 -1.6 54 Repeat of test SBD-2 with modified impact head. PASS
iruck end-vi. {02.2 mph) Posts i through 9 broken off. Approx. 15 m {50
ft) of rail fed through impact head.
SBD-4 | Test 3-30 - Small 98.5 0 6.4 3.6 -5.6 3.9 | Actual point of impact on front of vehicle was PASS
car end-on. (61.2 mph) offset 584 mm (23 in.) instead of the nominal
381 mm (15 in.). Posts | through 4 broken off
and approx. 4.5 m (15 f1) of the rail fed through
impact head prior to the vehicle exiting. Vehicle
yawed clockwise a total of 360 degrees.
( SBD-5 | Test 3-32 - Smali 100.1 15.0 74 L5 -9.6 -3.1 | Posts 1 through 3 broken oif with approx. 2.3 m PASS
car end-on at an (62.2 mph) (8 ft) of rail fed through impact head. Vehicle
angle. bent rail at post 4 and exited behind guardrail.
SBD-6 | Test 3-33 - Pickup 100.1 15.0 5.1 1.8 -13.9 | 13.3 | Posts 1 through 3 broken off with approx. 1.5 m PASS
truck end-on atan | (62.2 mph) (5 ft) of rail fed through impact head. Vehicle
angle. bent rail at post 4 and exited behind guardrail.
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TABLE 2. PROPOSED SKT-350 POST OPTIONS

sz | oneninen T o
| I Thick Foundation Tubes Plates

A 2 0 6

B 2 2 4

C 2 6 0

D 0 4 4

C 0 8 0
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Federal Highway Augrsre 27 16999
Adminlstration

Refer to: HMHS-CCa]

yir. Kaddo Kothmatn

Presideng
ROAD SYSTEMS, INC,
PO Box 2163

Big Spring, Texas 79721
Dear Mr. Kothmann:

In your July 30 letter, you requested the Federai Hlighway Administration’s (FHWA) acceptance
of a stee] breakaway post as an alternative to the weakened timber posts that are currently used in
vour 5KT-350 and FLEAT-330 w-beam guardrail terminals. These breakaway posts are
comprised of a lower stub post connected to an upper past by splice plates welded to the flanges
vl the stub post along the bottom and sides of the plates and connected to the uppet post with
two 31-mm diameter plug welds, This design causes the plug welds to yield -art relatively iow
loads when the posts are struck head on and the welds are lpaded in 1orzion, but the connection
can sustain loads as high as 89 KN when loaded laterally in shear. Enclosure | shows the
hreakaway end posts, the breakaway line posts. and the splice weld details,  All other features of
the SKT-350 and the FLEAT-350 remain untchanged from the original designs,

‘T'o show that the stecl breakaway posts functioned as desired, you ran three tests on the
alternative design, and provided me with copies of the test reports for staff review, Summaries of
cach of the tests are shown in Enclosere 2.

We believe that the tests you ran satisfactorily demonstrate that the steel breakaway posts are an
acceptable alternative to the original wood post designs for the SK'1'-350 and the FLEAT-350 and

may be used as such on the National Highway System when requested by a transportation agency.

Sincerehy yours,

Loyl £ bone

Dwight A Homne
Director, Office of Highway Safety Infrastructure

2 Encloaures



Figure 9. Steel Breakaway End Post
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Figure 11. Steel Breakaway Line Post
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Phte ... . LR Exit ... ... ... Mo
Installadion ... ... ... ... .. . Sequential Kinking Terminal Angle
Systemn lengds .. ... T, 41 91m [mpact ., ... ... . 108 deg (1a head)
lead Dimenswons (LaWwakY ... 0 2104 oun 2 S08 mm x SUE mm Eair ..., .. Lo NA.
Face Angle . ... . 00 degroes Drecupant bmpact Velucily
Ciugrdrail .. . . L e | 2-gauge W-beam Longiadingl .. ... ... oo B A0 mis
End Termunal Fosis Latersl . ... ... .. L. 3Elms
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groundling strul e pust 2 Latoral . ........... e QKL Es
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Curky AU T95 hy ]
Test Incelia ] . RI9kg Conversion Factors: 1in.=} 54 em, | R— 0454 kg
Cimwsis State ..o 594 kg

Figure 17, Summary of Tast SP-1
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Tes! Date ~|Feb 18, 1555 Impact Condithons - Dynairie 1168
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Figure 13, Impact Description and Summ;ry of Results, Test SP-2
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Gienaral Infarmatlon Teat Vehicla [conilnued) Ridedewn Acceloralions (g'a)

Test Ajancy Southwasi Rasaarch Instilute Masa {kg] Durnmy{s] 75.0 ¥ -glreclion 7.8

[Tt Humbar SP-3 Mass {kg) Grosa Static 2020.0 Teat Arlicle Deflection (mm}

Tasi Datw +3-Apr.B3 impact Condltlana Dy Mami 1217

Teal Arliclg 4-tt Offsat Guardrail Erd Terminal [Speed {kmih) 1005 Farmanent 1 0BG
Type Sequantial Kanking 1 erminel Angle [deg)] o0 q Vahicla Damage

Instaliation Langth [m) B1 Exit Candibona Exlarkar B

Bardar W-baarn Spmsed (hmoh) R vDs 11FQ-2
Soll Type end Conditlon  [51-Dry Angle [dag) 160 Denc 11FNEN
Towl Yehicls Dccupant Rlak valuss Intgmor

Type Standard Pickup Impact Velocity {mis) [ L F DODGA)
Nasignahon 2000 X-dlrociho 6.5 Fowl-kmpsct Yehlcular Sahavior

Modal 1893 Chavrolel C- 20 Y -clirection ae Maximum Rzl Angle {dagh 5

Mass (kg) Curb 1545 Ridsdown Acceleratlons [g'a) Maxlrum Plich Angle [dag) g.4

Mass (kg) Tast Inetial 1945 W odireshion 7.5 Maximum Yaw Angle [deq) Kot Available

Figure 14, impact Descriplivn und Summary of Results, Test SP-3




February 4, 2000

Dean L. Sicking, Ph.D, P.E. HMHS-CC40A
Director, Midwest Roadsde Safety Facility

University of Nebraska - Lincoln

W348 Nebraska Hdll

P.O. Box 880531

Lincoln, NE 68588-0531

Dear Dr. Sicking:

Your January 21 letter to Mr. Richard Powers of my staff requested formal Federa Highway
Adminigtration acceptance of a modified Sequentid Kinking Termina (SKT) at NCHRP Report 350
test level 2 (TL-2). Theorigina SKT-350 was accepted asatest level 3 (TL-3) w-beam termind in
my April 2, 1997, letter to Mr. Kaddo Kothmann.

As gated in your request, the only difference between the proposed TL-2 design and the current TL-3
desgn is the tota number of breskaway pods used in the termind. Whereas the TL-3 termina had
eight breakaway podts, the TL-2 design has only five breskaway pods, the last three breskaway posts
in the origind design being replaced with gandard line posts. The post spacing for dl pods remans the
same for both designs at 1905 mm. When the origina SKT-350 was impacted head-on at 100 knvh
with an 820-kg car, less than 7600 mm of raill was extruded. Since the modified desgn will dlow this
much w-beam rail to be extruded before a vehicle reaches the non-breskaway line posts, the proposed
TL-2 design actudly meets TL-3 evauation criteria for this particular test. In the 100 kmvh, head-on
pickup truck test, the SKT-350 extruded approximately 15.25 mof rail. Y ou Sated that the SKT-350
absorbs energy a ardatively condant rate. Therefore, at the TL-2 impact speed of 70 knvh, dightly
less than hdlf of the impact energy would result in about half of thet amount of rail being deformed.
Agan, thiswould result in the truck coming to astop prior to reaching the sandard line posts. Based
on the results of the redirection test with the pickup truck that was conducted on theflared TL-2
FLEAT termind, we dso conclude that this test can be waived for the tangent TL-2 SKT-350.

Based on the above, we congder the modified SKT-350, as described above, to be acceptable for use
on the Nationd Highway System asa TL-2 termindl when such useis requested by a trangportation
agency. Users should be advised that, as with dl test level 2 termindls, the TL-2 SKT-350 is most
gppropriate for use at locations where operating speeds are expected to be at or below the TL-2 speed
of 70knvh.
Sincerdly yours,
(origind Sgned by Dwight A. Horne)

Director, Office of Highway Safety Infrastructure



APPENDIX F -FLEAT APPROVAL LETTERS

The FHWA approval letters can be found on their web site at:

http://saf ety .fhwa.dot.gov/fourthlevel/hardware/term_cush.htm

125



April 2, 1998
Refer to: HNG-14

Mr. Kaddo Kothmann:
President

Road Systems, Inc.

P.O. Box 2163

Big Spring, Texas 79721

Dear Mr. Kothmann:

In your March 19, 1998, letter to Mr. Henry H. Rentz, you requested FHWA review of
information you enclosed on your Flared Energy Absorbing Terminal (FLEAT) and acceptance of
this w-beam guardrail terminal as a NCHRP Report 350 test level 3 (TL-3) device. To support
your request, you also included a description of the FLEAT-350, a summary of crash test results,
a composite crash test video tape, drawings, photographs, and a March 1998 test report for the
certification test which was run at the Midwest Roadside Safety Facility. A second report (also
dated March 1998) prepared by the Southwest Research Institute, entitled “FULL-SCALE
CRASH EVALUATION OF A FLARED ENERGY ABSORBING TERMINAL” included
information on the three additional tests that were run at that testing facility. We received a copy
of this report with your March 27 letter to Mr. Rentz.

The FLEAT-350 is a w-beam guardrail terminal that is linearly offset from the line of rail by 1200
mm over its 11400-mm length. 1ts main components include an impact head and guide tube
assembly, a modified w-beam rail section, a breakaway anchor assembly, and a series of seven
weakened timber posts, the first two being 140 mm x 190 mm x 1080 mm long set in 1830-mm
steel tubes and the next five being 150 mm x 200 mm x 1830 mm long set directly into the
ground. Design details are shown in Enclosure 1. The FLEAT-350 dissipates impact energy in
end-on hits by bending and flattening the w-beam rail element as the extruder head is forced back
aong therail. For downstream hits, the tension in the rail is transmitted to the anchorage system,
resulting in containment and re-direction of an impacting vehicle.

A tota of four tests were conducted to certify the FLEAT-350 as meeting the evaluation criteria
of NCHRP Report 350. These included the 820-kg car and the 2000-kg pickup truck at zero
degrees on the end of the terminal (Report 350 tests 3-30 and 3-31, respectively), the car at post
2 at 15 degrees (critical impact point, test 3-34), and the pickup truck at the beginning of the
barrier length of need at post 3 at 20 degrees (test 3-35). The summary sheets for each of these
tests are attached as Enclosure 2. We noted that the occupant impact velocities and the
subsequent ridedown accelerations were below the preferred Report 350 evaluation criteria for
both end-on hits. We noted also that the 820-kg car was smoothly stopped in only 5.48 meters
After initial impact, the 2000-kg truck continued 32 meters behind the rail before stopping.
Although the energy absorbing nature of this terminal significantly reduced the distance traveled
behind the terminal after impact (compared to non-energy absorbing terminals), the post-crash
trajectory seenin test 3-31 re-emphasizes the need for a clear, relatively traversable runout area
behind all guardrail terminals.



2

We agree with your assessment that a reverse-direction impact test (test 3-39) is not necessary
based on earlier tests on similar systems. Tests 3-32 and 3-33 (15 degree angle hits on the nose of
the terminal with the 820-kg and 2000-kg vehicles) can also be waived because these tests are
demonstrably less severe than tests 3-30 and 3-31 for gating terminals with designs similar to the
FLEAT-350.

Based on our review of the information you submitted, we consider the FLEAT-350 to meet
appropriate Report 350 evaluation criteria at test level 3 (TL-3). Therefore, it may be used on the
National Highway System (NHS) when such use is requested by a transportation agency. Since
the FLEAT-350 is a proprietary terminal, its use on Federal-aid projects, except exempt non-NHS
projects, is subject to the conditions noted in Title 23, Code of Federal Regulations, Section
635.411, a copy of which is attached for your ready reference as Enclosure 3.

Sincerely yours,

(original signed by Dwight A. Horne)

Dwight A. Horne

Chief, Federal-Aid and Design Division
3 Enclosures
Acceptance letter CC-46
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4. Geseral Informstion 7. Test Vehicle (Continued) 10. Ridedown Accelerstion (g's)

Test Agency Southwest Research Enatitute Mass (kg) Drunmmy(s) 75 y-direction 043

Test Number FLEAT-I Mass (kg) Gross Static 906 11. Test Article Deflection (m)

Test Data 0L/05/98 8. Impact Conditions Dynamic N/A

5. Test Article Speed (km'h) 1000 Permanent N/A

Type End Termunal Angle (deg) Q.0 11, Vehicle Damage

instaliation Length (m) 512 9. Exit Conditions Extenor

Barrier Speed (kam/h) 0 VDS 12-FC-3

6. Soll Type and Condjtion Standard Sou, Mot Compactod Angle (deg) 5.6 CDC ) 2FCEW?2

7. Tust Vehicle ] 10. Ocenpant Risk Values Interiar

Type Production Impact Velocity (m/n) OCDl ASOOGO000
Designation B20C x-direction 824 13. Post-lmpact Vehicular Behavior

Model 1993 Ford Festiva y-direction 7.37 Maximum Rall Angle (deg) 0 Approxiniate
Mass (kg) Curb 831 Ridedown Acceleration (g's) Maximum Pitch Angle (deg) 10 Approximale
Maas (kg) Test Inertisd B3l X-diroctiom 1083 Maximum Yaw Angle {deg) 6 Approximate

Figure 6.

Impact Sequence and Summary of Test Conditions and Results - Test FLEAT-1
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Test NUMBer.. o on v o vom ne v FLEA-2
NCHIRP 350 Test Designation ... ... 3-31
Date ;e s 3 2/24/98
Imstallation .. .o oo, Fhared Encigy Absorbing Terminal
System length .. .. o sp v s B B A0.0m
Head Dimensions (LxWx1D oo . 1337 mm x 336 mim x 490 mm
Pnce Angle oo B0 degrees
Flare Details
Length ... ceee.. 1143 m
ONSel s on aiv o v v o 1.22 m
NI w0 v on waw s aa . 6,123 dearees
Cruardrait o vk o 8 coe L2egange M -boamn

Lnd Terminal Posts

Nombas -2 ... BCT timher posts 14051905 1080 long
in toundation fubes wath groundhne strut
Numbers 3-6.. ... CRT tmber posts 13082008 1830 long
Nimlers 7-8 ..o .. WIBONLSS stecd posts. 1830 long
Vehivle Miodel o : 1993 GMO 2300 - Ton Pickup
YVelicie Weivht
Cuth s ¥ . . 1.877 ke
Festinerbin ..o v oo . 1982 ke
Gross Static . ... ... .. 1,982 kg

Figure 9. Summary ol Test FLEAT-2.
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14m
4. Gemeral Information 7. Teat Vebicls (Continued) 10. Ridedown Acceleration (g's)
Test Agency Southwest Rescarch Imatitute Mass (kg) Dummy(a} 75 y-daection 126
Test Number FLEAT-2 Mass (kg) Groas Static 904 11. Test Article Deflection (m)
Teat Dats 03/03/98 8. Impact Conditions Dynamic 0.67
5. Test Article Speed (km'h) 0.0 Permaneat 038
Type End Terminal Angle (deg) 150 12, Vehicle Damage
Installstion Length {m) 57.1 9. Exit Conditions Hxterior
Barrier Speod (km/h) 457 VDS 11-LFQ-3
6. Soll Typs and Condition Standard Sail, Dry Compacted Angle {deg) & cne 11FLEE2
7. Test Vehicle 10, Occupant Riak Values Interior
Type Production Impact Velocity (m/s) oCDl LFO00000C
Designation B20C x-disection 70 13, Poal-lmpact Vehicular Behavior
Model 1992 Ford Festiva ydirection 76 Maximum Roll Angle (deg} 10 Approximste
Masa (kg) Curb 829 Ridedown Acceleration (g's) Maxmmum Pitch Angle (deg) 5 Approximale
Maas (kg) Test Inertisl 829 X-durection 71 Maximum Yaw Angle (deg) 0 Approximate

Figure 6. Impact Sequence and Summary of Test Conditions and Results - Test FLEAT-2
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4. Genernl Information 7. Test Yehicle (Comlinued) 10 Ridedomm &real,

Thehpency: Southwest Rescarch Listitute Mass (g) Drsmany(s) 75 y-dirction 236

Test Number SBD-1A Mass (kg) Gross Static 2,043 11. Test Article Deflection (m)

Test Date 10/30/97 B. Impact Conditions Dynamic te

£ Test Article Speed (kan'h) 100.0 Permanent 084

Type End Tenninal Angle (deg) 200 12. Vahlcle Damnage

Installation Length (m) 571 9. Exit Conditions Exterior

Barrier Speed (kawh) 316 vDs 11-LFQ-3

6. Soll Type and Condition Standard Sou, Dry Compacted Angle (deg) 3 cpC 11FLEE2

7. Teat Vehicle 1D. Occupant Risk Values Intenior

Type Production Impact Velocity (m/s} oCDI LFOOCOC00
Designation 2000F x~direction 6.74 13. Post-lmpact Vehlcular Behaviar

Model 1991 Chevrolet C2500 y~direction 2.20 Maximum Roll Angle (deg) 27 Approximate
Mass (kg) Curb 1.968 Ridedown Acceleration (g's) Maxmmum Pitch Angle (deg) 2] Approximata
Mass (kg) Test Inertial 1,968 X-drecuon -186 Maximum Yaw Angle (deg) N/A

Figure 6.

Impact Sequence and Summary of Test Conditions and Results - Test SBD-1A
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these materlalsa must occur In the
United States.

(2) The Siate has standard coniract
provialons that require the use of do-
mestic malerials and products, Includ-
ing steel materials, to the same or
greater extent as the provisions set
forth in this section.

(3) The 8tale electa Lo include alter-
nate bld provisions for foreign and do-
mestic steel materials which comply
with the following requlrements. Any
procedure for obtaining alternate blds
based on furnishing forelgn steel ma-
terials which Is acceptable Lo Lhe Divl-
slon Adminlstrator may be used. The
contract provislons must (1) requlire all
bldders to submit a bld based on fur-
nishing domestic steel materials, and
(1) clearly state thal the contract will
he awarded to the bldder who submils
Lhe lowest total bid based on furnish-
ing domestic steel materlals unless
such total bid exceeds the lowest total
bid based on furnishing foreign steel
materials by more than 25 percent.

(4) When steel materials are used in
a project, the requirements of Lhis sec-
tlon do not prevent a minimal use of
foralon steal meaterisls If the cost of
such materials used does not exceed
one-tenth of one percent (0.1 percent)
of the total contract cost or $2,500,
whichever ls greater. For purposes of
this paragraph, the cost 1s that shown
to be the value of the steel products as
they are delivered Lo Lhe project.

{cH1) A State may request a walver
of the provisions of this section If;

(i} The application of those provi-
sions would be Inconsistent with the
public interest; or

(1) Bteel materials/products are not
produced In the Unlited States In suffl-
ctent and reasonably avallable quanti-
ties which are of a satisfactory quallty.

(2) A request for walver, accompa-
nied by supporting Information, must
be submitted in writing to the Reglon-
al Federal Highway Administrator
{(RFHWA) through the FHWA Dilvl-
slon Adminlstrator. A request must be
submitted sufflciently in advance of
the need for the walver in order to
allew time for proper review and
action on the request. The RFHWA
will have approval authority on the re-
quest.

23 CFR Ch. | (4-1-93 Edition)

(3) Heguests for walvers muy be
made for specific projects, or for cer-
taln materlals or products in specific
geographic areas, or for combinations
of bolh, depending on the elrcum-
stances

(4) The denial of the request by the
RFHWA may be uppealed by the
State to the Federal Highway Admin-
[strator (Administrator), whose action
on the request shall be considered ad-
ministratively flnal.

(5) A request for a walver which in-
volves nationwide public Interest or
availabllity Issues or more than one
FHWA region may be submitted by
the RFHWA to the Adminlstrator for
action.

{8) A request for walver and an
appeal from a denial of B request must
include facts and justification to sup-
port the granting of the walver. The
FHWA response Lo a request or appeal
will be in writing and made avallable
to the public upon request. Any re-
quest for a nationwide walver and
FHWA's action on such a requesl may
be published In the FepERAL REGISTER
for public comment,

1) In determlning whether the walv-
ers described In paragraph ¢c)X1) of
this section will be granted, the
FHWA will consider all appropriate
factora Including, but not limited to,
cost, adminisirative burden, and delay
that would be imposed if the provision
were not walved,

(d) Standard State and Federal-aid
contract procedures may be used to
assure compliance with the require-
ments of this section.

(23 U.B.C. 316, sec. 10 of Pub. L. #8-210. 88
Biat. 65, sec. 168 of Pub. L. B7-424, 86 8taL.
21368 and 48 CFR 1 .48()
(48 FR 53104, Nov. 15, 1883, as amended at
49 FR 18811, May 3, 1884]

# 635.411 Malerial or product selection.

(a) Federal funds sheall not particl-
pate, directly or Indirectly, In payment
for any premium or royalty on any
patented or proprietary material, spec-
ification, or process specifically set
forth in the plans and specifications
for a project, unless:

(1) 8uch patented or proprietary
item 18 purchased or obtained through
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competlitive bidding with equally sulta-
ble unpatented items; or

(2) The State hlghway agency certl-
fles either that such psatented or pro-
prietary item ls essential for synchro-
nization with existing highway facili-
tles, or that no equally sultable alter-
nate exlsts; or )

(3) Buch patented or proprietary
item 18 used for research or for & dis-
tinctive type of construction on rela-
tively short sections of road for experl-
mental purposes.

{b) When Lhere is avallable for pur-
chase more than one nonpatented,
nonproprietary material, semiinished
or finished article or product that will
fulfill the requirements for an ltem of
work of a project and Lhese avallable
materials or products are judged to be
of satisfactory quality and equally ac-
ceptable on the basls of engineering
analysis and the anticipated prices for
the related Item(s) of work are estl
mated to be approximately the same,
the PS&E for Lthe project shall either
contaln or include by reference the
specifications for each such material
or product that is considered nccepta-
ble ror incorporation In the work. If
the State highway agency wishes to
substitute some other acceptable ma-
terial or product for the material or
product designated by the succesaful
bidder or bid as the lowest alternate,
and such substitution results in an in-
crease in coata, there will not be Feder-
al-aid participation In any increase In
costs.

(c) A Btate highway sgency may re-
quire a8 specific material or product
when there are other acoeptable male-
rials and products, when auch specific
cholce is approved by the Edvislon Ad-
ministrator as being In the publle in-
terest. When the Division Administra-
tor's approval ls not obtained, the item
will be nonparticipating unless bidding
procedurea are used Lhat establish the
unit price of each acceptable alterna-
tive. In this case Federal-aid particlpa-
tion will be based on Lhe lowest price
30 established.

(d) Appendix A sets forth the
FHWA requirements regarding (1) the
specificatlon of alternative types of
culvert plpes, and (2) the number and
types of such altermatives which must

§ 635.417

be set forth In the specifications for
various types of drainage Instaliations.

{e) Relerence in specificationa and
on plans Lo single trade name materi-
als will nol be approved on Federal-aid
contracts.

B 836413 Gumranty and warranty clauses.

(a) Except as provided in paragraph
(b) of this sectlon, clauses that require
the contractor to guarantee or war-
rant materials and workmanship or to
otherwise malntain the work for a
specifled perlod after its satisfactory
completlon by the contractor and Its
final acceptance by the State, will not
be approved for use In Federal-aid con-
tracts, Work performed and materials
replaced under such guaranty or war-
ranty clauses after final acceptance of
work are not eligible for Federal pur-
ticipation,

{b) Contracts which involve furnish-
ing and/or installing electrical or me-
chanleal equipment ahould generally
include contract clauses that require:

(1) Manufacturer's warrantles or
guarantees on all electrical and me-
chanlcal equipment consistent with
those provided as customary Lrade
practice, or

(2) Contractors’ warranties or guar-
antees providing for satisfactory In-
service operallon of the mechanical
and electrical equipment and related
components for a period not to exceed
8 months following project accept-
ance. E

8635417 Convict produced materials.

{a) Materials produced by convict
labor may only be Incorporated in =
Federal-ald highway construction:
project If such materials have been: 1

(1) Produced by convlcts who are ot
parole, supervised release, or proba-
tlon from a prison or =

(2) Produced in a8 qualified prison f&- -
cility and the cumulative annual prc-
duction amount of such materials for -
use In Federal-ald highway construc- -
tlon does not exceed the amount of -+
such materials produced Ln such faclli-
ty for use in Federal-ald highway con-
struction durlng the 12-month periogd
ending July 1, 1987.

(b) Qualified prison facilily means :

any prison facility In which convicts,
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August 27, 1998

Refer to: HNG-14

Mr. Kaddo Kothmann
President

Road Systems, Inc.

P.O. Box 2163

Big Spring, Texas 79721

Dear Mr. Kothmann:

In your July 23 letter to Mr. Henry H. Rentz, you requested the Federal Highway
Administration’s (FHWA) acceptance of your Flared Energy Absorbing Terminal (FLEAT) with
the end offset reduced to 762 mm. My original acceptance letter, dated April 2, 1998, was based
on alayout with a 1219 mm offset at the end of the terminal. To support your request, you sent
us acopy of aJduly 15, 1998, test report prepared by the Midwest Roadside Safety Facility
entitled “Full-Scale Crash Evaluation of a Flared Energy Absorbing Terminal (FLEAT-350)
NCHRP TEST 3-31," avideo tape of the test, and detailed drawings of the modified terminal
layout.

Only one test was run to confirm the acceptability of the reduced offset and that was test 3-31, a
2000-kg pickup truck impacting the end head-on at 100 km/h. Test results are summarized in
Enclosure 1. You stated that test 3-30, an 820-kg car impacting end-on, would be less severe
with the reduced offset than the same test which was run successfully with the original 1219-mm
offset because of the reduced eccentricity. You also stated that the side redirection tests (3-34
and 3-35) need not be repeated because the effective impact angles would be less with the
reduced offset design than they were with the 1219-mm offset which, again, was successfully
tested. Based on previous reverse-direction hits on similar terminal designs,

test 3-39 was waived earlier for the FLEAT with the 1219-mm offset and was not believed to be
needed for the reduced offset option either. The FHWA concurs with your analysis in each case.

Members of my staff have reviewed the information you presented and agree that the FLEAT is
acceptable for use on the National Highway System as an NCHRP Report 350 terminal at test
level 3 (TL-3) with the reduced offset of 762 mm. We note that the flare on the terminal remains
astraight taper over itsentire 11.4 m length and that standard line posts start at the beginning of
thisflare at post number 8. The layout is shown in Enclosure 2. Since the FLEAT is now
considered acceptable with either a 762 mm or 1219 mm offset, it is reasonable to conclude that



2

any offset that falls between the two tested layouts would likewise be acceptable. For this reason,
offsets for the intermediate posts are not shown. However, it is critical to the proper performance
of the FLEAT that it be installed with a straight taper (not parabolic) that extends back to post
number eight and that, as with al gating end treatments, areasonably traversable runout areais
available immediately behind and beyond the terminal.

Any questions you may have should be addressed to Mr. Richard Powers at (202) 366-1320.

Sincerely yours,

(original signed by Dwight A. Horne)

Dwight A. Horne
Chief, Federal-Aid and Design Division

2 Enclosures
Acceptance Letter CC-46A
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May 21, 1999 Refer to: HMHS-
CC46B

Mr. Kaddo Kothmann
President, Road Systems, Inc.
1507 E. 4th

P.O. Box 2163

Big Spring, Texas 79721

Dear Mr. Kothmann:

In your April 8 letter to Mr. Henry Rentz, which was forwarded to me for action, you requested
the Federal Highway Administration to accept a modified version of your FLEAT guardrall
terminal as meeting the test level 2 (TL-2) evaluation criteria contained in the National
Cooperative Highway Research Program (NCHRP) Report 350. To support your request, you
included a copy of a January 30, 1999 report prepared by the Midwest Roadside Safety Facility,
entitled “FULL-SCALE CRASH EVALUATION OF A TL-2 FLARED ENERGY
ABSORBING TERMINAL (FLEAT-TLZ2)” and a video tape of the additional test that was run
to verify acceptable performance of the modified design.

Asnoted in your letter and in the test report, the FHWA has previously accepted the 11.4-m long
TL-3 FLEAT with permissible end offsets from 762 mm to 1219 mm. The modified or TL-2
FLEAT isonly 7.62-m long, but with the same flare rates as the TL-3 design. Thus, the end off
setsfor the TL-2 FLEAT will range from 508 mmto 813 mm. The TL-2 FLEAT uses two fewer
CRT posts (three vs. five) than the TL-3 design. Line posts may be either steel posts with timber
or recycled blocks, or wood posts and blocks, since the system was tested with the more critical
steel line posts. Design details for the TL-2 FLEAT are shown in Enclosure 1. After analyzing
the results of tests conducted at 100 k/hr on the TL-3 designs with either the full 1219 mm offset
or with the reduced 762 mm offset, you concluded that NCHRP Report 350 tests 2-30, 2-31, 2-
34, and 2-39 need not be conducted at the reduced impact speed of 70 k/hr. We concur. Test 2-
35 was run and is described in the above-referenced report. Appropriate evaluation criteria were
met. A summary of that test is shown in Enclosure 2.

Based on our review of the information you provided, we find the TL-2 FLEAT acceptable for
use on the National Highway System (NHS) when such use is requested by a transportation
agency. This acceptance assumes that the modified FLEAT will be installed as tested and at
locations where anticipated impact speeds will not exceed 70 k/hr. Because it remains a
proprietary device, its use on Federal-aid projects, except exempt, non-NHS projects, is subject to
the conditions listed in Title 23, Code of Federal Regulations, Section 635.411.

Sincerely yours,
(original signed by Dwight A. Horne)

Dwight A. Horne



Director, Office of Highway Safety Infrastructure
2 Enclosures
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Federal Highway Augrsre 27 16999
Adminlstration

Refer to: HMHS-CCa]

yir. Kaddo Kothmatn

Presideng
ROAD SYSTEMS, INC,
PO Box 2163

Big Spring, Texas 79721
Dear Mr. Kothmann:

In your July 30 letter, you requested the Federai Hlighway Administration’s (FHWA) acceptance
of a stee] breakaway post as an alternative to the weakened timber posts that are currently used in
vour 5KT-350 and FLEAT-330 w-beam guardrail terminals. These breakaway posts are
comprised of a lower stub post connected to an upper past by splice plates welded to the flanges
vl the stub post along the bottom and sides of the plates and connected to the uppet post with
two 31-mm diameter plug welds, This design causes the plug welds to yield -art relatively iow
loads when the posts are struck head on and the welds are lpaded in 1orzion, but the connection
can sustain loads as high as 89 KN when loaded laterally in shear. Enclosure | shows the
hreakaway end posts, the breakaway line posts. and the splice weld details,  All other features of
the SKT-350 and the FLEAT-350 remain untchanged from the original designs,

‘T'o show that the stecl breakaway posts functioned as desired, you ran three tests on the
alternative design, and provided me with copies of the test reports for staff review, Summaries of
cach of the tests are shown in Enclosere 2.

We believe that the tests you ran satisfactorily demonstrate that the steel breakaway posts are an
acceptable alternative to the original wood post designs for the SK'1'-350 and the FLEAT-350 and

may be used as such on the National Highway System when requested by a transportation agency.

Sincerehy yours,

Loyl £ bone

Dwight A Homne
Director, Office of Highway Safety Infrastructure

2 Encloaures



Figure 9. Steel Breakaway End Post
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Figure 17, Summary of Tast SP-1
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Figure 13, Impact Description and Summ;ry of Results, Test SP-2
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June 1, 2001

HSA-CC46C
Mr. Kaddo Kothmann
President
Road Systems, Inc.
1507 E. 4" Street
Big Spring, TX 79720

Dear Mr. Kothmann:

Your May 2 request for acceptance of a modified post layout for the FLEAT w-beam guardrail
terminal is approved, based on staff review of a previous test you conducted on the FLEAT with
breskaway steel posts and on a more recent test of a similar design with weakened wood posts on
1.9 m (6ft-3in) centers for posts 3 through 6.

Whereas the original FLEAT consisted of two breakaway anchor posts followed by four
breakaway posts on 1.27 m (4ft-2in) centers and a seventh breakaway post at the standard 1.9 m
(6ft-3in) spacing, the modified design will consist of the same number of breakaway posts, but
spaced equally on 1.9 m (6ft-3in) centers. The last breakaway post will be located at the
beginning of the terminal taper 11.4 m (37.5 feet) from the first termina post. The first
unmodified line post (wood or steel) will be 13.3 m (43.8 feet) from the terminal nose. The
beginning of the length of need on the FLEAT remains unchanged at the third post, 3.8 m (12.5
feet) from the terminal end.

The breakaway anchor posts may be either the weakened timber posts originally tested or the
stedl breakaway posts accepted in my August 27, 1999 letter to you. Likewise, the remaining
five posts may be either weakened wood posts or the tested breakaway steel post design. The
modified post spacing is applicable to the FLEAT terminal throughout the currently accepted
range of end-offsets.

Sincerely yours,

(original signed by Frederick G. Wright, Jr.)

Frederick G. Wright, Jr.
Program Manager, Safety



August 24, 2001

Refer to: HSA-10/CC46D
Mr. Kaddo Kothmann
President, Road Systems, Inc.
1507 E 4" &t.
Big Spring, TX 79720

Dear Mr. Kothmann:

In your May 18 letter, you described a FLEAT guardrail terminal modified for use with a strong
post, w-beam guardrail median barrier and provided preliminary summary information on the tests
that wererun at Southwest Research Institute to verify its compliance with current evaluation
criteria. You also included a videotape of the teststhat were conducted. Mr. Richard Powers of my
staff received single copies of thefinal reports, entitled “ FULL -SCALE CRASH EVALUATION of a
FLEAT MEDIAN TERMINAL SYSTEM”, TESTSFMT-1, FMT-2, and FMT-3M on August 22.

Asseen in Enclosure 1, the FLEAT-MT isnearly identical to the previoudly accepted FLEAT
roadsideterminal. Sinceitsintended useisto terminate a double-faced, strong post w-beam median
barrier, two impact headsarerequired. One of theseisat the fourth post in from the end of the
barrier and fits over the backside w-beam rail element. The other impact head fits over the end of
thetraffic-side rail element 5717 mm ahead of thefirst and is offset 610 mm from the face of the
median barrier proper in astraight flare. Minor modifications were made to the design to obtain
satisfactory resultsin the reverse direction impact described below.

Based on the similarity of the FLEAT-MT to theroadside FLEAT design and layout, you reviewed
the tests upon which acceptance of the FLEAT was based and concluded that only three additional
testswould berequired to certify the median terminal under NCHRP Report 350. My staff
concurred with your analysis. Thefirst test conducted was NCHRP Report 350 test 3-35, the 2000-
kg pickup truck redirection test. Thetruck impacted theterminal at post 3, the beginning of the
length of need, at 100.4 km/h and 20.8 degrees. Although all evaluation criteria were satisfied, the
test vehicle snagged on post 7, which was a standard steel line post. Thisresult was discussed with
your consultant, Dr. Dean Sicking, and it was decided to make post 7 a breakaway design to improve
test performance. Thischangeisnot reflected in the test reports, but is shown in Enclosure 1.

The second test was NCHRP Report 350 test 3-31 where the pickup truck impacted the FLEAT-MT
head-on at 99.8 km/h. Thetruck was brought to a controlled stop in approximately 10 m, with 6.8 m
of thefront rail and 1.9 m of the back rail being extruded. Occupant impact velocity was 5.6 m/sec
and the subsequent ridedown acceleration was12.99' s.

Thefinal test was NCHRP Report 350 test 3-39, the reverse-direction impact that isrequired for
devices such asmedian barrier terminalsthat arelikely to be struck from either direction. When
thistest wasfirst run, the pickup truck snagged on the downstream cable anchor and subsequently
overturned. When a deflector bracket was added to the downstream end of the cable anchor, the
vehicle was successfully redirected and all evaluation criteria were satisfied.

Based on theinformation you presented, | agreethat the FLEAT-MT, asshown in Enclosure 1,
meetsthe NCHRP Report 350 evaluation criteria for atest level 3 (TL-3) terminal and may be used
on the National Highway System (NHS) to terminate a w-beam median barrier when such useis
accepted or specified by the appropriate contracting agency. Asa proprietary product, the
conditionslisted in Title 23, Code of Federal Regulations, Section 435.411 apply to itsuse on Federal-
aid projectslocated on the NHS.

Sincerely yours,

(original signed by Rudolph M. Umbs)
Frederick G. Wright, Jr.
Program Manager, Safety

Enclosure
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«5'-D" Foundation Tubes S735 W/Seil Plates SPE00
+4’~6" Foundation Tubes E735 W/Soil Plates SP600
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APPENDIX G -WYBET APPROVAL LETTERS

The FHWA approval letters can be found on their web site at:

http://saf ety .fhwa.dot.gov/fourthlevel/hardware/term_cush.htm
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115 Despsoar brmesrit AN0 Severih 515w
cf Transoortaton W 1t O D 2500
Pederal Highway At 12, 19989
Administraton

REeter to PIMHE-C{ 60

M. King K Mak

Resesrch Enpinger

Safoty & Structural Systems Division
Texas Fransportation Enstilute
Collepe Stanon, TX T7843.31135

Dear Mr. Mak-

tn vour July 29 letter to me, you requested the Federal Hlighway Administration’s (FHWA)
acceptance of Wyorning's box-beam guardrail and median barrier end terminals, cailed the
WYDBET-350 and the WYBET-330 (MB}, respectively, as National Uooperative Highway
Research Program (NCHRP) Report 350 test level 3 (1L-3) designs - The onginal designs had
hotl: been accepred previously under NCHRP Heport 230 cvaluation criteria. To support your
request, You also sent two copies ofthe Texas Transportation Institute report. entitled “NOHRP
REPORT 350 EVALUATION OF THE WY OMING BOX-BEAM END TERMINAT,
{(WYDBET-350) , dated June 1999, and videotape copics of the crash teses that were run
Summarics of these tesrs are shown as BEnckosurs T Test 3-35 was run on both the guardrail and
median barrier terminat designs.

The orginal WYBET designs consisted of an urpact head. outer and nner steel tubes containing
eneray absorbing liberglass/epoxy compaosite tubes, and an end anchorage assembly. Both Report
350 desigas are simlar in design to the Report 230 vorsions, but have some imponant dillerences
Enclosure 2 Dists all of the design changes, the most significant une being ltem 12, the increased
feneth of the Stage 1 composite tube and thwe coresponding decrease 1n the tength of the Srage 2
tube  This change was needed o meet the passenper ndedown accelerahon i test 3-30. Because
the crush force charactenstics of the composite 1ubes are cntical 10 proper Impact performance of
the WYBET-350 terminal, your test Report recommends that a “rigercus qualiry contiol and
acceptancesrejection procedure he instituted by (the manufacturer) and the state 1epartments of
I'tansporiation to ensurg that the compaosite tubes used in Held installations are within the
specitications”™. | strongly endorse this recommendation. Enclosure 3 shows the gencral design
and lavout of the WYBET-330 and the WYBET-350 (M), Complete drawings are available
from Mr William B. Wilsen, Wyomng 1DOT Standards Engincer, at (307) 777.4216 or via ¢-mail
al D il g iminse State wy s




8]

Members of my staff have reviewed the material you have submitted and apree that the WYBET-
330 and the WYBET-350 (MB1}, as tested, satis(y the evaluation criteria recommended in Report
390 for & TL-3 termmal.  Either design may be used on the National Highway System when such
usC 15 requesied by the appropnate transportation agency | understand thar those designs arc
considered proprietary (except in Wyoming) so their use on Federal-aid projects, except exempt.
non-NHS projects, is subject 1o the conditions listed tn Title 23, Code of Federsl Regulations,
Secoon 635 411 Please call Mr. Richard Powers at (202) 366-1320 should you have any
LIESTICNS.

Sincerely yours,

Lo L e

Dwapht A Harne
Director, (ffice of Highway Satety Infrastructure

3 Fnclosures
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General Information Impact Conditions ’ Test Article Deflections (m)
© TestAgency ............. Texas Transportation Institute Speed (km/h) . ... 98.7 . DYOVAIIIG 5 1o 5 msaun s s 5008 2.88
TOStNO: sz siwrinsssasans 473160-10 Angle(deg) ................. 0 Permanent ............... 2.63
Date: s ws sw 5w o swe s wm vms b 02/15/99 Exit Conditions Vehicle Damage
Test Article Spaad (KM/M) . . oo v s oo s i 14.9 Exterior
VPO 55 5 s-wimn o s 5308 o s 570's Terminal Angle (deg) . :wws ssvswmswaon 98.7 VDS o wwio s miwn s s s me e 12FD4
Name or Manufacturer . .. .. WyBET-350 Occupant Risk Values CDGC ok o e tlan s £ e 12FDEW4
Installation Length (m) . .... 55.1 Impact Velocity (m/s) Maximum Exterior
Material or Key Elements . .. Tubular Steel Rail Elements on X=direcion’ «swsssmaswssawes 10.9 Vehicle Crush (mm) . ... .. -410
Steel posts y-direction ................ No Contact Interior
Soil Type and Condition . ... Standard soil, dry THIVi(kmh): o smssmmiwmss 38.9 OCDI ;555 5 5508 w53 585 FS0020000
Test Vehicle Ridedown Accelerations (g's) Max. Occ. Compart.
TYPO nysvaod e o fap b Sl Production XirBCHOR! ;o o5 in s H e -12.0 Deformation (mm) ....... 107
Designation .............. 820C y-diraction’ ; .. ssmseessaas No Contact Post-Impact Behavior
[ [ |- 1994 Geo Metro PEDIGIE).. . 5. ats iovesvos e 59083 4 goni o 121 (during 1.0 s after impact)
Mass (kg) ASl w5 5w a5 s ol € e 6 e 117 Max. Yaw Angle (deg) ...... 122
CUD o oo 0500 3 avs g v s v s 763 Max. 0.050-s Average (g's) Max. Pitch Angle (deg) . .. ... 8
Test Inertial ........... 820 x-direction ................ -14.0 Max. Roll Angle (deg) . ... ... -8
BUMMY ::50: s oimiema 76 y=directon ....w:eeeswnyswe 3.3
Giross Static v ¢ sivs owvsws 896 z-direction ................ 4.3

Figure 59. Summary of results for test 473160-10, NCHRP Report 350 test 3-30.
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Texas Transportation Institute
473160-3
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End Treatment
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55.1
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Steel posts
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2000P

1993 GMC 2500 pickup truck
1864

2000

No dummy

2000

Impact Conditions
Speed (km/h)
Angle (deg)

ExIt Conditlons
Speed (km/h) ...............
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Impact Velocity (m/s)
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y-direction ................
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0
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240
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-15.9
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-14.7
-1.9
4.4

Test Article Deflections (m)
DYNAMIC s 4.11
Permanent ............... 4.1
Vehicle Damage
Exterior
VDS ... 12FC3
CDC i vonnsmimimvains 12FCEN3
Maximum Exterior
Vehicle Crush (mm) ...... 530
Interior
(8 2] D, NP s FS1000000
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Deformation (mm) ....... 35
Post-Impact Behavior
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Max. Yaw Angle (deg) ...... -23
Max. Pitch Angle (deg) ... ... -14
Max. Roll Angle (deg) ....... 13

Figure 34. Summary of results for test 473160-3, NCHRP Report 350 test 3-31.
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TestAgency ............. Texas Transportation Institute Spaed{kmM) .......co0nvunis 99.5 Dynamie - soaromiasses 9.16
Tost NO. - ovsvaimmaames 473160-1 Angle(deg) ................. 147 Parmanent ..........co... 7.48
Date: e it s 03/04/98 Exit Conditions Vehicle Damage
Test Article Speed (km/h) . ..., 8.7 Exterior
TVPB a5 psse i mma s End Treatment Angleden) urceissimmemmws 223 VDS v s s s 9 12FD5
Name or Manufacturer . . ... WYBET-350 Occupant Risk Values CDC ivsassaussysgmnie 12FDEK3
Installation Length (m) ..... 55.1 Impact Velocity (m/s) Maximum Exterior
Material or Key Elements . .. Tubular Steel Rail Elements on x-direction ................ 10.3 Vehicle Crush (mm) ...... 300
Steel Posts THIV laVh)  osons i 37.0 Interior
Soll Type and Condition . ... Standard soil, Dry Ridedown Accelerations (g's) OCDI ......ovvvvinnnn. FS0010000
Test Vehicle x-direction ................ 9.7 Max. Occ. Compart.
L o Ry R a Production ydirection .........o0e00 4.5 Deformation (mm) ....... 45
Designation ............. 8z20C PHD(g's) ......oivvvvvnnenn. 9.9 Post-Impact Behavior
Model . vonmvassnmasvis 1993 Ford Festiva ABY o cnecen s g aEE e 1.3 (during 1.0 s after impact)
Mass (kg) Max. 0.050-s Average (g's) Max. Yaw Angle (deg) ...... 31
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Test Inertial . .......... 820 y-direction ................ 25 Max. Roll Angle (deg) . ...... 7
BUMMY, st visia 75 z-dlirection . is v eveiaan 24
Gross Static ........... 895

Figure 16. Summary of results for test 473160-1, NCHRP Report 350 test 3-32.
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Test Article Speed (km/h) ................ 62.2 Exterior
TADO s scissama s int s Rreara End Treatment Angle(deg) isvwsvveasisins 17.4 R 12FC2
Name or Manufacturer . . ... WyBET-350 Occupant Risk Values 6 D B e e S P T o 12FDEW2
Installation Length (m) ... .. 55.1 Impact Velocity (m/s) Maximum Exterior
Material or Key Elements . .. Tubular Steel Rail Elements on XIrBGHOn. o v e 7.0 Vehicle Crush (mm) ...... 480
Steel posts y-direction ................ No contact Interior
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Designation ............. 2000P y-direction ................ No contact Post-impact Behavior
T I e T 1894 Chevrolet 2500 pickup truck PHD AG'BY : «omiown wmmamaiaanas 6.5 (during 1.0 s after impact)
Mass (kg) ABl iR e e 0.57 Max. Yaw Angle (deg) ...... -8
CUMD v waisramewmsens 1845 Max. 0.050-s Average (g's) Max. Pitch Angle (deg) ...... -4
Test Inertial ........... 2000 x-direction ........... .00 -6.8 Max. Roll Angle (deg) . ...... 10
BUMMY, - covio o nmiois snit No Dummy y-direction ................ 22
Gross Static ... «.vvvivan 2000 ZAECHON. v cw sy -1.6

Figure 67. Summary of results for test 473160-11, NCHRP Report 350 test 3-33.
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General Information Impact Conditions Test Article Deflections (m)
TestAgency ............. Texas Transportation Institute Speed(km/Mh) ........0c00ninn 99.5 Dynamic .. .uivwivnsmimns 0.96
Tt NO. - iivivsva v 473160-2 Anglei(deg) -:..oviaueiais 20.2 Permanent ............... 0.75
Date .........coovunnunn 03/10/98 Exit Conditions Vehicle Damage
Test Article Spead (kM) v.: o vvvmmmsemns o 69.4 Exterior
TVDE oaassstmig et o End Treatment Angle(deg) ................. 19 VDS comiminmm oy 01RFQ3
Name or Manufacturer . . ., . WYBET-350 Occupant Risk Values CDC: sy iEes 01RAFEW2
Installation Length (m) ..... 55.1 Impact Velocity (m/s) Maximum Exterior
Material or Key Elements ... Tubular Steel Rail Elements on x-direction ............000. 41 Vehicle Crush (mm) ...... 475
Steel posts y-direction .......ooc0aivies 4.1 Interior
Soil Type and Conditlon . ... Standard soil, Dry THIV IRk ccovcnmsesssnaos 16.7 OCD v iwensmares FS0000000
Test Vehicle Ridedown Accelerations (g's) Max. Occ. Compart.
B 1 ¢ PPN S S Production XBBCton iseoaamnmasie -12.7 Deformation (mm) ....... 0
Designation ............. 2000P y-direction ................ -7.0 Post-Impact Behavior
Model .........cvnvenees 1992 Chevrolet 2500 pickup PHDAR'E) ioxavs mnmsansa i 214 (during 1.0 s after impact)
Mass (kg) e e e L e o T 05 Max. Yaw Angle (deg) ...... -27
0T ]| e e T e 2078 Max. 0.050-s Average (g's) Max. Pitch Angle (deg) . ... .. -3
Testinertial ........... 2000 x-direction ................ -3.3 Max. Roll Angle (deg) ....... -6
DUMMY  ovomivesmmmivas No dummy y-direction ................ -4.4
Gross Static .. ..o v 2000 ZOEON oo eamamns 2.2

Figure 24. Summary of results for test 473160-2, NCHRP Report 350 test 3-35.
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Test Article
TYPB o s e
Name . vivivosarssde veinis
Installation Length (m) ......
Material or Key Elements . . . .

Soll Type and Condition .. ....
Test Vehicle

TYPE e i windalal e

Designation ..............

Modal . oomsmosm o

Mass (kg) Curb . ..........

Test Inertial . . ...

Dummy .........

Gross Static . .. ..

Texas Transportation Institute
473160-5
04/30/98

End Treatment
WYBET-350-Median Barrier
55.1

Tubular Steel Rail Elements on
Steel posts

Standard Soil, Dry

Production
2000P
1992 Chevrolet 2500 pickup truck

No dummy
2000

Impact Conditions
Speed (km/h) ...............
Angle(deg) .........c.ov0iunn
Exit Conditions
Speed(km/h) ...............
Angle(deg) ................
Occupant Risk Values
Impact Velocity (m/s)
x-direction ...............
y-direction
THIV(km/h) ..o,
Ridedown Accelerations (g's)
x-direction ... :inieiea i
y-direction ...............
PHD (g'8) . .voovumassmmnsos
| T T
Max. 0.050-s Average (g's)
x-direction
y-direction ...............
z-direction ............ 0.0

Test Article Deflections (m)
100.1 Dynamic ................. 1.61
205 Permanent ............... 1.60
Vehicle Damage
N/A Exterior
N/A VBB s asinma s b 01LFQ3
] B O e P TP 0O1LFEW2
Maximum Exterior
38 Vehicle Crush (mm) ...... 220
31 Interior
13.5 (0] ¢ D) T FS0000000
Max. Occ. Compart.
-4.4 Deformation (mm) ....... 0
6.7 Post-Impact Behavior
8.2 (during 1.0 s after impact)
0.46 Max. Yaw Angle (deg) ...... 26
Max. Pitch Angle (deg) . ..... -3
-2.3 Max. Roll Angle (deg) ....... -24
4.0
2.0

Figure 75. Summary of results for test 473160-5, NCHRP Report 350 test 3-35.




Tahle . Sumemury of devign modifications to WYRLT.

Ttem Deseription Design Modification

I Slotted bearing plate Eliminate the 25 mm x 6 mm (1 in. = Y4 10.) spacer strap
on top of the plate.

I | Pipe sleeve Chiange the length from 150 mm o 40 mm (60, 1o 3-t42
n.).

3 | Ground line strut baolr Chunge the length from 230 mm (107din.) 1o 240 im (9-172
in.j,

4 Bearing plate attachment | Change from 5 miny x 30 mim (3716 in. x 2 i) Loy belts to

hardware 16d naits
5 | Washers 40 soil plate Fliminate 2 washers at each bolt on the soil piate,
f Head tn post lag screw Chanpe the length from 130 mm (3 in ) to 0 mim (4 in).

TrEAsL

7 I-mm (5/8-in.) nut Repluce the small finished nuts with large guardruil nuts,

B ngd post {post 1) Place the impact head on top of the en:d post [or the
shoulder narrier, similar in design ta that of the median
harrier,

a9 Wood strut Add the wond strut to the end post of the shoulder barier
version, similar in desipa 6 that o the median hiamiee
VEISION,

1| Tensile connecror Add w brocket at the upstream end of Lhe tensile connector

bracker to keep it from dropping out of the slols.

11| Width of composite tube | lncrease the widih of the composite be caps from 73 mm

cap (3 i 1o 100 mim {4 in) to mininaze te potentiul for
splintering of the compaosile tuhes.

12 ] Lengths of compasite [ncrease the length of the stuge 1 compoasire tube from

twbics PR30 mm (6 £y 10 2290 i (7-142 11 oo reduce the
length of the stage 2 composite ahe trom 3R60 mm (12 1
Eand w300 men (17 -2 in) 10 provide more ensegy
absorbiny capability for the small car mpacts.

THAMSPORTATION INSTITUTE # THE TEXAS A&M UNVERSTY Z¥STEM ¢ COLLUGE 51ATION TRXAS 778
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+ GUARDRAIL

WYBET PAY LIMITS A BEGIN LENGTH WYBET PROVIDES 10 m
" pAY UMITS {(INCLUDES CONNECTION Y OF NEED (TYF) OF LENGTH OF NEED

50 [SEE NOTE (D)

/_

SEE NOTE
AE
0EmT012m

TYPICAL PLAN VIEW OF WYBET

14 680

(STANDARD WYBET RIGHT HAND INSTALLATION SHOWN HERE - CONCEPTS APPLY TO ALL WYBETS)

(DIMENSION 15 FROM END OF INNER RAIL TO CENTERLINE OF POST #1)
NSILE

152x152x 4.8
INNER RAIL (TYP

178x178232
OUTER RAIL (TYP

@

WYBET & WYBET (MB) GENERAL NOTES

WYBET Terminals Shown Herein have been successfully tested
lo NCHRP 350, Test Level 3 with no flare required for proper
performance.

GUARDRAIL & WYBET ALIGNMENT: Where no flare is
indicated in the plans (Le. a tangent layoul) and the
guardrail is located al the roadway shoulder, it is strongly
encouraged to place the last 200 . of guardrail including
the WYBET on a 1:50 flare to offset the head of the
terminal roughly 4 feet from the shoulder to prevent
nuisance impacts with snowplows, etc. Where grading
won't permit a 4 fool offset, a 2 foot offset is desirable Itis
recommended that WYBET terminals not be flared grealer
than a 1:25 with respect to the roadway (1:15 absolute
maximum flare). The entire length of the WYBET shall

DAR 7 o R 150 be straight without kinks and should match the alignment
mﬂ N 183 i ~250 of the adjacent guardrail to the greatest extent possible.
] ; o an sy CRR g a8 il ] WOoD POST
io2mRUg W i W yow) W ] EI" wes| LM G Ge | @  PRE-INSTALLATION PROCEDURE:  The contractor
8 8 7 a o 4 3 2 e HE (TYR) shall slide the 6" x 6" inner rail inside the 7* x 7" outer rail
STAGE 1 using only manual labor to insure there is no binding or
STEEL SPACER
%fogﬁslg(_ri AéE 4 S COMPOSITE TmENH ¢ OF POST 1 residual warpage caused by welding or other defects
gsme QUTER RALL COMPOSITE TUBE '\ - SPACE
SHING ALL ; =
ELEMENTS 760 (@ COMPOSITE TUBES: Stage 1&2 composite tubes
FLUSH AGAINST provide the energy absorption mechanism for the WYBET
50 BOLT TO POST § OFFSET INNER RAIL E:EE gﬂ CAPS TO EACH and shall be manufactured in strict conformance lo the
it NO,;"L@OO“‘“ OSITE TUBES I I [ e specifications including proper cutting of tulips and taping
-—I--somspuczw 305 RAIL OVERLAP — |- OVERLAP of end caps at each end of each tube. End caps shall be
taped by double wrapping with 4" wide duct tape or a 4X
WYBET (MB) wrap of 2" wide duct tape. Tape shall bear a minimum of
(MEDIAN 1830 1830 (1628) 1830 1 2 1/2" on the end cap and 2 1/2* on the composite tubes
BAHHiEH] A Ak TE A o dh T A i a5 1’ : HE
& 5 b 4 F ) 5 5 :L-—.:I’ 1905 @ TENSIONING THE WYBET: The contractor shalltighten
o i the cable anchor and retighten the tensile connector.
SEE CONNECTION A F & MB) - MEDIAN I / . Once the system is fight, the tensile connector retaining
DETALBELOW  Note: The WYBET & WYBET (MB) share similar components except for the guardrail Connection, POt pyaer mien i BARMER bracket shall be installed in the location shown at the
type, post spacing, post connection hardware, and end plate on the foundation tube for post 1. vERSIONS ONLY leading edge of the tensile connector.
(C5) MEDIAN BARREER
P o nal i W RETAL HETDNLECENERION (5 WYBET MEDIAN BARRIER INSTALLATIONS: Connection
gum;%l@mw&n {Eix 150 x4 B RNERTURE ol B of WYBET's to older paddle mounted median barrier
2 THREADE ' X178%3, shall require that a minimum of the next 10 posts beyond
L 860 —I |*m9?:p i e e e SRIESTROE the WYBET be modified to a positive connection as a part
I | g of the WYBET installation.
| WM DENSTTMENT O TICEATION
STAGE 2 COMPOSITE STANDARD PLAN
TUBE LOCATED INSIDE
® 178 x 178 OUTER RAIL BOX BEAM GUARDRAIL
i WITH 2 - #10 WYBET INSTALLATION DETAILS
SHEET METAL SCREWS, ATTACH BRACKET
...... AT LOCATION SHOWN HERE! NOTE: Y T
ALL DIMENSIONS GIVEN Sty
9 ey 80 M606-02¢
WYBET (MB) CONNECTION TO MEDIAN BARRIER TENSILE CONNECTOR DETAILS UNLESS NOTED OTHEAWISE. | === | % ‘SLEET 08 OF XX
L 2Cxa. g
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STANDARD POST SPACE = 1.83m

= —e] SHOULDER H REFLECTIVE TAB REQUIRED ~——~ GUARDRAIL PAY LIMIT——={[SLEEVE (6 mm R BENT & WELDED
| 'I b INGE EVERY 4TH POST (DON'T USE TO FORM BOX SECTION T0
TS152 x 152 4.8 END TERANL) 250 HOLE IN RECEIVE TS152 X 152 x 4 8 BOX BEAM)
I pd g Egé BF(‘)AL"fS 2)- 25 x 100 SLOTS REQ TOP & BOTTOM
‘.' Y =" X 2 AWS TC-U4C
{ J[I_}i e OH & J[Ei § FORX < 600 USE H SATER M- 2R WHEN SLEEVE
ak ADDED IN FIELD
STANDARD SPLICE GAP=12 TYP. HOLES (TOP & BOTTOM (MOUNTING FEIGHT r ;
EXPANSION SPLICE GAP=50 FOR BOTH RAIL ELEMENTS): MEASURED WITH 200 |— STANDARD BOX .
25 0 FOR STANDARD SPLICE RESRECITOSHOLLOER: | Npgs 1] = BEA SURPORIT 507108
() BOLT- acnrmcesmm A FORX > 600 USE H2 ——._ 710 \\ i JT’OC ] e |
- EXPANSION SPLICES i y @BOLT(TYP) STANDARD BOX T IC !
e g RESPECT TO GROUND 3 BEAM POST VARY L
= @ 50 BEAM AT THE FRONT FACE no TYPE POST HEIGHT SO | _—cume
- OF THE RAIL) POST (TYP) BEAM MATCHES SLEEVE l I
END OF RAL | |-4— @ OF HOLES (OR SLOTS) T BRDGERAL | meeet |
% Ry SLEEVE SHALL BE SUBSIDIARY TO
EXPANSION SPLICE=88 _J ' 1: 8 MAX_ SLOPE BOX BEAM GUARDRAIL WHEN NOT
; 1: 10 (OR FLATTER) © INCLUDED IN BRIDGE RAIL DETAILS
: FERRED o EXIT END CONNECTION TO STEEL BRIDGE RAILING
) Rz = ; | Rk (Only for exit ends of one-way traffic bridges i.e. divided highways)
g L. [BOX BEAM GUARDRAIL DETAILS |
(A A
r
a GENERAL NOTES FOR BOX BEAM AND
BOX BEAM MEDIAN BARRIER BOLT REQUIREMENTS
MODIFYING EXISTING PADDLE 50-+ ?g"}‘;gg‘?_’r&?%gf’@ o The standard post spacing shall be 1.83m. The HIGH STRENGTH HEAVY HEX RAIL SPLICE BOLTS
MOUNTED MEDIAN BARRIER minimum post spacing shall be 1.2 m. @ 19X50 (A325) + 1 HARDENED WASHER (F436)
TO STANDARD MEDIAN il ¢£eo ]203 ) : ) ) @D 19X 100 (A325) + 2 HARDENED WASHERS (F436) + 1 NUT (A194-2HM)
BARRIER CONNECTION. Rail elements shall be fumished in nominal lengths to @D 19X200 (A325) + 2 HARDENED WASHERS (F436) + 1 NUT (A194-2HM)
/ ‘2J '| _ [40 EXISTING SLOT provide either 3, 4, 5 or 6 post spaces unless physical -
75203 x 152 x 6.4 1" @oTTOM ONLY) constraints require odd lengths of rail elements. The POSTS BOLTS - HEX HEAD (MILD STEEL)
nominal rail length shall not be less than 5.4 m. @D  19X40(A307) + 2 WASHERS (F844) + 1 NUT (A563)
BOTTOM VIEW @2 13X 40 (A307) + 2 WASHERS (F844) + 1 NUT (A563)
Expansion splices shall be placed in all box beam RAIL BOLTS - HEX HEAD (MILD STEEL
Ee STANDARD POST SPACE = 183 m o installations over 90 m long and at intervals not to @  T0X% P07 s 2W Asusn(s o 1 1 N’ T (AS63)
| 5203 x 152 x 64 | exceed 150 m. Expansion splices when required shall (A307) )
; r T/ : be roughly equally spaced in the guardrail run. @D 10X 190 (A307) + 2 WASHERS (FB44) + 1 NUT (A563)
{ O |203 ; o OH Q 3 i E X REFLECTIVE TAB REQ'D
' IMPORTANT | A BOLT('YP)  EVERY 4THPOST (DON'T
STANDARD SPLICE GAP=12 TYP. HOLES (TOP & BOTTOM RAIL BOLT IS OFFSET FORY < 80DLSEH 1 LSE O END [TERMINALS)
EXPANSION SPLICE GAP=50 50 FROM POST @ TORX £ B e 11 152
| RRAGKET S UCLARGLE (MOUNTING HEIGHT MEASURED
(H2) BOLT- EIGHT PLACES (TYP) AWAYFROM ADJACENT WITH RESPECT TO SHOULDER) NV By = MEDIAN BARRIER SUPPORT
TRAFFIC AND AWAY FROM FOR X > 600 USE H 2 710 T BRACKET (TYP )
WYBET TERMINALS (MOUNTING HEIGHT MEASURED o
WITH RESPECT TO GROUND AT (M2 BOLT (TYP)
POST)
TYPEE
N i POST (TYP) WYOMING DEPARTMENT OF TRANSPORTATION
: ; STANDARD PLAN
: E o BOX BEAM GUARDRAIL
: : 1:10 (OR FLATTER) E\p GUARDRAIL INSTALLATION
¥ : PREFERED) ] DETAILS
P i STANDARD MEDIAN BARRIER I T T
NOTE: 1 ! [N R st by wew
ALL DIMENSIONS GIVEN ARE IN MILLIMETERS (mm) [BOX BEAM MEDIAN BARRIER DETAILS | POST (TYPICAL == o M606-02C
UNLESS NOTED OTHERWISE. (POSITIVE CONNECTION) === |_wew | SHEET 06 OF XX
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L5 Separtmment 200 Sevemn 51, 3 W
of Trorsoorfation wasmingron, 3 2055
Fedaral Highway

Administration

oo 17, 1959

Refir 1o HWMHS-( U 60

Mr. King K. Mak

Research Engineer

Texas Transportation [nstitute
Callege Station, Texas 77843-3135

Mear Mr, Mak:

[n vour October 12 letter, vou requested the Federal Highway Administration™s ( F1TWA} review
and approval of the specilfications for the enerpy-absarbing composite tubes used in the
Wioming Box-Beam End Terminal {WYBET-3350) that was accepted for use on the National
Highway System on August 19, 1999, These speeilications were developed by the Texas
Transportation Institute for the Wyoming Depertraent of Transpertalion, but can be used by any
Department of Transportation that uses box-beam guardrail and the WYBET-350 terminal,

The specifications, which are enclosed, appear to satisfe the need tor quality control of the
composite 1ubes to ensure adequate crash perfurmance of the WYBET-3500 and w fisl them

acceptable.

sincerely yours,

ool [ Howwsc

Dwight A Homne
Dircetor, Office of Highway Safcty Intrasteucture

lnglosurg



SPECIFICATIONS AND TEST PROCEDURE FOR COMPOSITE TURE

This specification outlines the material propertizs and required energy dissipatian properties for the
{iberglass/epoxy compasite tubes used in the Wyoming box-beam end terminal (W YBET). Two
stages of energy dissipation are employed in the design: the first stage consists of a 152-mmi (6-in.)
diameter composite tube with a 3 2-mm (0. 125-in.) wall thickness, and the second stage a |52-num
(f-1n.) diameter composite tube with a 6.4-mm (0,250} wall thickness,

(ienera! Specificatinns

. The fiberglass/epasy composite tube shall be manufactured using the “pultrusion” process
and consists of a glass fiber reinforced resin matrix with a glass resin ratio of approsimately
Sthpercent. The resin shall consist of 1sophthallic polyester and gluss reinforceinent shull
include the followinyg three vaneties:

a. A surface mai shall be used on all exterior surfaces for chemical resistance and
camaininent of ather reinforcement fibers.

b, Continuous plass strand rovings shall be used internally for longitudinal strength.
C. Continuous strand mats shall be used intcrnally for transvuerse strength.
. The composite material shall exhibit the following minimum mechanical properies:
a [timate Tensile Strenpth:
(Longitudinal Coupon) 20% Mpa (30,000 psi)
{Transverse Coupon} 48 Mpa (7,00 ps1)
(Full Scelion in Bending) 138 Mpa {20,004} pri)
b. Ultimate Compressive Strengih:
{Lengitudinal Couport) 205 Mpa (30,000 psi’
{Transverse Coupon) 102 Mpa (13,000 psi)
{Full Section in Bending) 138 Mpa (20,000 psid
c. Ultirnate Shear Strength 31 Mpa{ 4,500 psid
d. Ultimate Breaking Strength 205 Mpa (30,000 ps1}
e, Maodutus of Elasticity
{Full Beam Section in Bending) 17237 Mpa (2.5 = 107 psi)
f Barcol Hardness S0

Page | of 4



Crash Force Characterislics

- The energy dissipalion properties of the composite whbe shali be evalvated using static
compressive testing. The composite tubes shall have the following static energy dissipation
properties:

Firat stupe composite rube -- 152-mm (6-in} diameter with 3.2-mm (0. 125-1in. ) wall thickncss

Average Crush Foree, F, B35+ I3 kN (19 +3 kips)
Maxitnum Compressive Force, P 16 kN {26 kips)

Sceond slage composite tube -- 152-min (6-1n.} diameter with 6.4-mm (1.25-10.) wall

thicknesy
Average Crush Foree, F, 178 £ IR KIN (40 + 4 kips)
Maximum Compressive Foree, P 24% kN {35 kips)

Detinitions of the average ¢crush force, F,, and maximum compressive forge, P are illustrare:d
in the following figure. The averape crush foree shall be deteninined based on crush forces
fromn 132 mm to 335 mm (0.0 in. to 14.0 in.) of crush. The maxitwem compressive force
shall be determined between 90 mm to 152 mm (3.5 0. o 6.0in} of crush.

Acceptance/Rejection Criteria

. The scceptance/rejection criteria will be based on the crush force characteristics, e, uverage
crush furce, F,, and maximuim compress: ve force, P. The properties outlined in the “General
Specifications” are provided for information purposes and are not considered in the
acceptancedrejection criteria.

- A minimum of three {33 static compressive tests should be conducted at an independent
testing laboratory. The three samples shall be randomly selected, onc each from the
beginning, middle and end of the production mn being evalvated, Each test specinen shall
be 610 mm (24 in.} long and a 100 mm ¢4 in.) long tulip shape shall be cut into one end of
the test specimen. End caps shall be used with the specimen on both ends.

The test specimen shall be crushed stancally at a rate of 5¢ tnm {2 in} per minute and the
tenal crush length or displacement shail be no less than 355 mm (14.0bin.).

. The batch is considered acceptable of the fullowing conditons are met:

1. The average crush force charmderistios [or the three specimens are within Lhe
acceptable ranges ax specified ahove and repeated helow:

Page 2 of 4
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First stage composite tebe — 152-mm (6-in.) diameter with 3.2-mum (0.125-4000 wall
thickness

Average Crush Foree, F, B>+ I3 kN (19 £ 3 kips)
Maximum Compressive Force, P 116 kIN (26 kips)

Second stage composite tube -- 152-mm (B-in.) diameter with 6.4-mmm {0,250 wali
thickness

Average Crush Force, F, 178 + I8 KN {40) £ 4 kips)
Maximum Compressive Force, P 245 kN {55 kipy)

The crush force characterstics for each of the three specimens do not exceed the
acceptahle ranges by mote than 1O percent. In other words, each specimen shall not
exceed the following static enerey dissipation properties:

First stage composite tube -« 1820-mum {6-in.) diameter with 3.2-mm (00125400, wall
thickness

Average Crush Force, B, B3 = 22kN (19 £ 5 kips)
Maximum Compressive Foree, 2 127 kN {2B8.5 kips)

Sccend stage compesite tube - 132-rom (6-In ) chameter with 6 4-mon (0.25-i00 wall
thickness

Average Crush Foree, F, 178 2 30 KN {40 + 8 kips)
Maximum Compressive Force, 2 267 kN {60 kips)
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