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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 alternatives are rank ordered.  The second approach uses a linear relationship
to rescale each attribute to generate a rank 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), a definitive selection of a single alternative is impossible but
recommendations are made.
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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 alternative, for either tangential 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) The terminal 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 posts for tangential terminals and the first two posts in 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 a five-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 aforementioned 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.
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At this time, this study recommends that some terminals be excluded from further
consideration as shown in Table I.  These terminals must be eliminated because they
currently fail to meet the previously discussed specification criteria.

Table I.  Terminals Eliminated from Further Consideration

Vendor Terminal Type Reason
All Vendors BRAKEMASTER Concrete anchors/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
alternatives, 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 this report’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.
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CHAPTER 1 - INTRODUCTION AND RESEARCH APPROACH

1.1 Problem Statement and Research 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.  As a result,
since the 1960s, research in guardrails has been focused on guardrail end treatment.
Tests indicated that the standard terminal section (37 ½ 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 Federal
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
terminal (BEST), the sequential kinking terminal (SKT), and the flared W-beam guardrail
terminal (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 not 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 a timely 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. 
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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 alternative.

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 Idaho
provided data for this study.  These states represent a good data set because they
experience similar winter conditions to 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 alternative 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 alternatives.  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 unsleeved posts that must be driven into frozen soil.  This study
identifies the number of sleeves for each of the products.  As identified in the preliminary
study (Ma and Mattingly, 2000), maintenance workers prefer steel posts to wood posts,



5

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 a large 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
criteria identified 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 DOTs assess the GETs’ snow load resistance.  The
study also includes several general 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
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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.  As identified 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 DOTs to determine if any of the new terminals possess this
characteristic.  This data is collected using a phone survey.  

The DOT matrix provides an unbiased assessment of each product’s relevant criteria.
The initial contact numbers for every state DOT can be found on the FHWA homepage
on the Internet (http://www.fhwa.dot.gov/webstate.htm), but finding the proper contact
within other state DOTs 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 tends to be a
little longer (20-40 minutes) than the vendor survey because all of the necessary
information must be obtained during the interview rather than merely confirmed.  In
addition to completing all 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. 
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CHAPTER 2 - FINDINGS

2.1 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 evaluating 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
terminal 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.

As indicated in Ma and Mattingly (2000), snow country states have experienced
difficulties with the new GETs; however, only one of the seventeen agencies polled
believes that their GETs may fail as a result 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 GETs that 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 vendors identify is a delivered 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 potential 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 dealers, and the
delivery times remain similar across all of the vendors with the expected delivery time
ranging between seven and fourteen days.  Many terminal types have steel posts available
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while a few must be either steel or wood.  While the vendors fail to provide installation
costs, they provide a wealth of information regarding their product’s specifications.

Table 2.1. Vendor Survey Results

Manufacturer Terminal Name Number of Sleeves Actual Cost
Materials

Steel
Post?

FLEAT 7 posts, 2 sleeved $1,200 Wood (steel option)
SKT 8 posts, 2/4/8 sleeves $1,200 Wood (steel option)
REGENT 11 posts, 2 sleeved $1,200 All Wood

Bryson Products,
Mississippi

BRAKEMASTER Concrete Slab $2,500 All Steel

SRT 350 6/8 posts, 2 sleeved1 $900 Wood (steel option)
ET 2000 8 posts, up to 8 sleeved1 $1,200 Wood (steel option)Trinity Industries
CAT 6 posts, 6 sleeved $2,500 All Wood

BEST 6 posts, 2 sleeved N/A All Wood
FLEAT 7 posts, 2 sleeved $805 Wood (steel option)
SKT 8 posts, 2/4/8 sleeves $1,015 Wood (steel option)
REGENT 11 posts, 2 sleeved $800 All Wood

Universal Industrial
Sales, Utah

BRAKEMASTER Cemented Anchors $2,600-$2,800 Wood and Steel

SKT 8 posts, 2/4/8 sleeves $1,000-$1,400 Wood (steel option)Gregory Highway
Products, Ohio FLEAT 7 posts, 2 sleeved $900-$1,000 Wood (steel option)

FLEAT 350 7 posts, 2 sleeved $1,000-$1,100 Wood (steel option)
REGENT 11 posts, 2 sleeved $700-$800 All WoodR.G. Steel Corp.,

Pennsylvania SKT 350 8 posts, 2/4/8 sleeves $1,300-$1,400 Wood (steel option)

FLEAT 7 posts, 2 sleeved $1,000-$1,100 Wood (steel option)Road Systems SKT 8 posts, 2/4/8 sleeves $1,300-$1,400 Wood (steel option)

FLEAT 350 7 posts, 2 sleeved $1,000-$1,100 Wood (steel option)Highway Safety
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 posts in their sleeves; however, steel hinged posts are available instead

The vendors all identify the complexity of their products, especially in reference to
installation and repair; these values range from four to seven on a seven point scale with
seven being most complex.  Most of the vendors also rate the ease of installation for their
products on a seven point scale with values once again varying between four and seven.
In all 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 all of the
terminals as long as the installation utilizes soil tubes.  Similarly, all 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 this wintertime 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.  
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Table 2.1. Vendor Survey Results (cont’d)

Manufacturer Terminal Name Ease of
Installation (1-7)

Complexity
(1-7)  Hinged Posts

FLEAT N/A 7 No
SKT N/A 6 No
REGENT N/A 5 No

Bryson Products,
Mississippi

BRAKEMASTER N/A 4 No

SRT 350 5 5 Yes, 2 posts
ET 2000 7 7 Yes, 8 postsTrinity Industries
CAT 4 4 No

BEST 6 6 No
FLEAT 7 7 No
SKT 7 7 No
REGENT 5 5 No

Universal Industrial
Sales, Utah

BRAKEMASTER 4 4 No

SKT N/A 7 NoGregory Highway
Products, Ohio FLEAT N/A 7 No

FLEAT 350 7 7 No
REGENT 5 4 NoR.G. Steel Corp.,

Pennsylvania SKT 350 5 7 No

FLEAT 6 6 NoRoad Systems SKT 6 6 No

FLEAT 350 6 6 NoHighway Safety
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.  Generally speaking, the external
agencies do not identify an average cost for terminal repairs, but they all identify terminal
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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
agencies fail 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. 

Table 2.2.  Northern Tier State DOT Survey Results

Terminal Type Sample
Size

Overall
Rating
(1-7)

Overall
Maintainability

(1-7)

Terminal
Compatibility

(1-7)
WYBET 3 6.67 3.67 6.00
SRT 7 6.14 3.43 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

Table 2.2.  Northern Tier State DOT Survey Results (cont’d)

Terminal Type Product Quality
& Performance

(1-7)

Customer
Service
(1-7)

Resistance to
Snow Load

(1-7)

Prob. of Above
Ground Repair

(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 terminal 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
terminals is possible for all terminal types as long as the posts are sleeved.  Three of eight
surveyed DOTs use a guardrail 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 GETs.  

2.4 Decision-Maker Interview Results

This study gathers decision-maker information from a single decision-maker within
Alaska DOT&PF.  The purpose of this interview is to identify the screening criteria and
any appropriate thresholds for these criteria being.  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 the interview.  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.

Specifications
[.35]

Cost and
Delivery [.35]

Installation
[.30]

Vendor
[.5]

Maintenance
[.7]

Quality and
Service [.3]

User (DOTs)
[.5]

Terminal
Value

Figure 2.1.  Terminal Value 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 criteria impact 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 serve to
eliminate infeasible alternatives.  The first and most critical screening criterion is the
NCHRP Report 350 Test Level; however, all 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 a terminal 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 this time.

Percentage
of Posts Sleeved

[0.8]

Steel Post
Available

[0.2]

Specifications
[0.35]

Cost
[0.35]

Ease
[0.75]

Complexity
[0.25]

Installation
[0.30]

Vendor

Figure 2.2.  Vendor Branch with Decision-Maker Weights

Terminal
Compatibility

(1-7)
[.214]

Maintenance
Training

Time (Days)
[.072]

Probability of
Above Ground

Repair
(0-100%)[.357]

Resistance
to Snow Load

(1-7)
[.357]

Maintenance
Issues [.7]

Terminal
Quality

(1-7)
[.7]

Customer
Service
(1-7)
[.3]

Quality and
Service [.3]

User (DOTs)

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

The other branch, the DOT branch, retains six criteria for inclusion in the decision
analysis process.  Currently, the time to replace a terminal 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 all of the criteria that this
study considered for inclusion in the hierarchy and provides the general curve shape for
each criterion.  Additionally, Appendix B displays the value functions that result from the
interview process.
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2.5 Decision Analysis

This report explores three different decision analysis techniques in order to rank the
alternative 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 alternative GETs.  In all 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.

2.5.1 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:

)1(∑=
j

iji RS

where
Si = score of alternative i
Rij = rank of alternative i with respect to criterion j

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 overall ranking.  The FLEAT terminal dominates the flared rankings
with all six distributors ranking above its chief competition, the SRT-350.
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Table 2.3.  Combined Ranking Guardrail End Terminal Values

Vendor Terminal Type
Vendor
Value

User (DOT)
Value

Overall
Value

Universal Industrial Sales, Utah SKT 10.00 10.003 20.00
Trinity Industries ET 2000 14.00 12.372 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 10.003 37.00
Road Systems SKT 30.00 10.003 40.00
Highway Safety Corp., Ohio SKT 350 30.00 10.003 40.00
Gregory Highway Products, Ohio SKT 32.001 10.003 42.00
Gregory Highway Products, Ohio FLEAT 32.001 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 36.001 10.003 46.00
Bryson Products, Mississippi FLEAT 37.001 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 73.001 12.00 85.00
Bryson Products, Mississippi BRAKEMASTER 72.001 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

2.5.2 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 alternatives
composite score is given by the following formulation:

)2(∑=
j

iji MS

where
Si = score of alternative i
Mij = 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.

Table 2.4.  Scaled Criteria Guardrail End Terminal Values

Vendor Terminal Type
Vendor
Value

User (DOT)
Value

Overall
Value

Universal Industrial Sales, Utah SKT 4.893 5.1673 10.059
Trinity Industries ET 2000 4.800 5.1642 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 5.1673 9.200
Road Systems SKT 4.033 5.1673 9.200
Highway Safety Corp., Ohio SKT 350 4.033 5.1673 9.200
Gregory Highway Products, Ohio SKT 3.7001 5.1673 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 3.4671 5.1673 8.633
Gregory Highway Products, Ohio FLEAT 3.1861 5.171 8.357
Trinity Industries SRT 350 2.947 5.324 8.270
Bryson Products, Mississippi FLEAT 3.0861 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 1.3151 5.067 6.382
Bryson Products, Mississippi BRAKEMASTER 1.1501 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,
vi(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 all 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:

)3()(
1
∑∑
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=
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j
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Where:
αj  = the weights for each grouping within the hierarchy,
J  = number of groupings or branches,
aj and bj  = the node locations (taken from a vector N of all nodes) within a given jth

branch,
wi = priority weight for each individual attribute i,
vi = the value function for the ith attribute (i  = 1 to 4 for the maintenance

issues branch in Figure 2.3),
xi = the level of attribute present in the system, and
V = the sum of all values for the system.

This research slightly 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
alternative 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 Sales in Pleasant Grove, Utah, distributes
receives the highest vendor value and ranks first 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

Table 2.5.  MAVF Guardrail End Terminal Values

Vendor Terminal Type
Vendor
Value

User (DOT)
Value

Overall
Value

Universal Industrial Sales, Utah SKT 0.963 0.4713 0.717
Trinity Industries ET 2000 0.930 0.4502 0.690
Road Systems SKT 0.795 0.4713 0.633
Highway Safety Corp., Ohio SKT 350 0.795 0.4713 0.633
R.G. Steel Corp., Pennsylvania SKT 350 0.745 0.4713 0.608
Universal Industrial Sales, Utah FLEAT 0.750 0.436 0.593
Bryson Products, Mississippi SKT 0.6801 0.4713 0.575
Gregory Highway Products, Ohio SKT 0.6701 0.4713 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 0.4911 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 0.4561 0.436 0.446
Bryson Products, Mississippi REGENT 0.3891 0.433 0.411
Bryson Products, Mississippi BRAKEMASTER 0.1231 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 a single overall value.  Of
particular concern in this evaluation is the similarity in raw attribute scores across
alternatives.  This similarity makes the selection of a definitive alternative more
challenging.  An examination of the attributes in 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 Implications of Survey and Analysis

Decision-maker priorities can be included in both the combined rankings and scaled
criteria analysis; however, neither analysis is 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 this respect, 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, a larger more in
depth survey may yield more reliable results.  In a similar manner, the use of a single
decision-maker for Alaska DOT&PF in the 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 reasonable approach when attempting a new technique within the Alaska DOT&PF.

For many of the attributes, most of the alternatives receive similar scores.  This lack of
differentiation amongst alternatives implies either a lack 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 a given terminal is a five
while another respondent from the same agency may believe that its maintainability is
only a three.  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 tangential or flared 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 criteria one
through three, and vendors should make an effort to meet criteria four:

(1) The terminal design must meet NCHRP Report 350 Test Level 3 standards.

This is a requirement 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
steel 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 posts is
difficult to ignore.  

(3) All posts for tangential terminals and the first two posts in 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 designs to reduce stockpiling requirements.

This reduction 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 aforementioned
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 this time, 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 alternative end terminals across many of the
alternatives, a demonstration program may prove the most effective approach for
identifying a single terminal for preferred usage statewide or simply a terminal 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
data that 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.
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APPENDIX A – COMPLETE STUDY RESULTS

Table A.1. Complete Vendor Survey Results

Compatibility withManufacturer Terminal Name Number of Sleeves Flare Offset SRT-350 ET-2000
FLEAT 7 posts, 2 sleeved 2'-4' No No
SKT 8 posts, 2/4/8 sleeves Tangent No No
REGENT 11 posts, 2 sleeved 4' Parallel No No

Bryson Products, Mississippi
1-800-482-4559
Representative: Chad BRAKEMASTER Concrete Slab Tangent, 0' No No

SRT 350 6/8 posts, 2 sleeved 3'-4' Yes No
ET 2000 8 posts, up to 8 sleeved Tangental 1'-2' No Yes

Trinity Industries
1-800-772-7976
Representative: Randy Olsen CAT 6 posts, 6 sleeved Tangental No No

BEST 6 posts, 2 sleeved 50:1 Flare rate No No
FLEAT 7 posts, 2 sleeved 2'-4' No No
SKT 8 posts, 2/4/8 sleeves Tangent No No
REGENT 11 posts, 2 sleeved 4' No No

Universal Industrial Sales, Utah
(801) 785-0505
Representative: Delane

BRAKEMASTER Cemented Anchors Only Median Usage No No

SKT 8 posts, 2/4/8 sleeves Tangent No NoGregory Highway Products, Ohio
(330) 477-4800
Representative: Steve FLEAT 7 posts, 2 sleeved 2'-4' No No

FLEAT 350 7 posts, 2 sleeved 2'-6" to 4' No No
REGENT 11 posts, 2 sleeved 4' No No

R.G. Steel Corp., Pennsylvania
(724) 656-1722
Representative: David Price SKT 350 8 posts, 2/4/8 sleeves Tangent No No

FLEAT 7 posts, 2 sleeved 2'-6" to 4' No NoRoad Systems
(815) 464-5917
Representative: John SKT 8 posts, 2/4/8 sleeves Tangent No No

FLEAT 350 7 posts, 2 sleeved 2'-6" to 4' No NoHighway Safety Corp., Ohio
(877) 866-7997
Representative: Kevin SKT 350 8 posts, 2/4/8 sleeves Tangent No No
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Table A.1. Complete Vendor Survey Results (cont’d)

Actual Cost
Manufacturer Terminal

Name Materials Installed
Steel
Post?

Ease of 
Installation

( 1-7 )
FLEAT $1,200 N/A Wood (steel option) N/A
SKT $1,200 N/A Wood (steel option) N/A
REGENT $1,200 N/A All Wood N/A

Bryson Products,
Mississippi

BRAKEMASTER $2,500 N/A All Steel N/A

SRT 350 $900 2 hr Wood (steel option) 5
ET 2000 $1,200 2 hr Wood (steel option) 7Trinity Industries 
CAT $2,500 4 hr All Wood 4

BEST N/A N/A All Wood 6
FLEAT $805 N/A Wood (steel option) 7
SKT $1,015 N/A Wood (steel option) 7
REGENT $800 N/A All Wood 5

Universal Industrial
Sales, Utah 

BRAKEMASTER $2,600-$2,800 N/A Wood and Steel 4

SKT $1,000-$1,400 N/A Wood (steel option) N/AGregory Highway
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
REGENT $700-$800 N/A All Wood 5R.G. Steel Corp.,

Pennsylvania SKT 350 $1,300-$1,400 N/A Wood (steel option) 5

FLEAT $1,000-$1,100 N/A Wood (steel option) 6Road Systems SKT $1,300-$1,400 N/A Wood (steel option) 6

FLEAT 350 $1,000-$1,100 N/A Wood (steel option) 6Highway Safety
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)

Manufacturer Terminal Name Complexity
( 1-7 )

Time to
Deliver
(days)

Alaska
Dealer?

Above Ground
Replacement

Hinged
Posts

FLEAT yes No
SKT 7 yes No
REGENT 6 yes No

Bryson Products,
Mississippi

BRAKEMASTER 5

14 Day
Maximum None

yes No
4

SRT 350 yes w/ soil tubes Yes, 2 posts
ET 2000 5 yes w/ soil tubes Yes, 8 postsTrinity Industries 
CAT 7

10 - 14
Days None

yes w/ soil tubes No
4

BEST N/A No
FLEAT 6 N/A No
SKT 7 N/A No
REGENT 7 N/A No

Universal Industrial
Sales, Utah 

BRAKEMASTER 5

7 Days to
Seattle None

N/A No
4

SKT yes w/ soil tubes NoGregory Highway
Products, Ohio FLEAT 7 7-10 Days None yes w/ soil tubes No

7
FLEAT 350 yes w/ soil tubes No
REGENT 7 yes w/ soil tubes NoR.G. Steel Corp.,

Pennsylvania SKT 350 4
7-14 Days None

yes w/ soil tubes No
7

FLEAT yes w/ soil tubes NoRoad Systems SKT 6 7-14 Days None yes w/ soil tubes No
6

FLEAT 350 yes w/ soil tubes NoHighway Safety
Corp., Ohio SKT 350 6 7-14 Days None yes w/ soil tubes No

6
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Table A.2. Complete Northern Tier State DOT Survey Results

State DOT Terminal
Used

Overall Rating
(1-7)

Overall
Maintainability

(1-7)

Terminal
Compatibility

(1-7)

Time to Replace/Repair
(Man-hours)

WYBET 7 2 7 3 weeks total
SRT 7 3 7 3 weeks total
FLEAT 6 3 7 3 weeks total

Wyoming DOT
(307) 777-4216

CAT 6 3 7 3 weeks total

FLEAT 6 4 6 2-3 weeks
SRT 6 3 7 2-3 weeks
CAT 5 3 7 2-3 weeks
BEST 4 4 5 3-4 weeks

Montana DOT
(460) 444-6158

CRT 3 2 5 3-4 weeks

SRT 6 4 6 3-4 weeks
FLEAT 6 3 7 3-4 weeks
CAT 6 3 7 3-4 weeks

Utah DOT
(801) 965-4242

BEST 6 3 6 3-4 weeks

SRT 6 4 6 4 weeks
FLEAT 7 4 7 4 weeks
WYBET 7 4 6 4 weeks
CRT 6 4 6 4 weeks
BEST 6 4 6 4 weeks

Minnesota DOT
(651) 296-3036

REGENT 5 4 7 4 weeks

FLEAT 6 3 6 3 weeks total
SKT 6 4 5 3 weeks total
REGENT 6 3 5 3 weeks total

Michigan DOT
(517) 373-0746

BRAKEMASTER 6 3 2 3 weeks total

REGENT 6 3 6 3 weeks total
SRT 6 2 7 3 weeks total
FLEAT 6 3 6 3 weeks total

OREGON DOT
(503) 986-4000

CAT 6 3 7 3 weeks total

FLEAT 6 4 6 2-3 weeks
SRT 6 3 7 2-3 weeks
CAT 5 3 7 2-3 weeks

Washington DOT
(360) 705-9269

BEST 4 4 5 3-4 weeks

SRT 6 5 6 4 weeks
FLEAT 6 5 6 4 weeks
WYBET 6 5 5 4 weeks

IDAHO DOT
(801) 965-4242

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
Used

Maintenance 
Training Time (days)

Avg. Maint.
Cost ($/repair)

Product Quality
& Performance (1-7)

Customer Service
(1-7)

WYBET Already Capable New installed ($) 6 5
SRT Already Capable New installed ($) 6 5
FLEAT Already Capable New installed ($) 6 5

Wyoming 

CAT Already Capable New installed ($) 6 5

FLEAT 5 New Cost 5 4
SRT 5 New Cost 6 5
CAT 5 New Cost 5 5
BEST 5 New Cost 4 6

Montana 

CRT 5 New Cost 5 5

SRT 3-4 days Replace/ new cost 6 6
FLEAT 3-4 days Replace/ new cost 6 5
CAT 3-4 days Replace/ new cost 6 6

Utah 

BEST 3-4 days Replace/ new cost 6 5

SRT n/a None, Replacement 5 6
FLEAT n/a None, Replacement 5 6
WYBET n/a None, Replacement 6 6
CRT n/a None, Replacement 5 6
BEST n/a None, Replacement 6 6

Minnesota 

REGENT n/a None, Replacement 6 6

FLEAT 5 New Cost 5 5
SKT 5 New Cost 6 6
REGENT 5 New Cost 6 5Michigan 

BRAKEMASTER 7 New Cost 5 5

REGENT Already Capable New installed ($) 5 6
SRT Already Capable New installed ($) 6 6
FLEAT Already Capable New installed ($) 5 6Oregon 

CAT Already Capable New installed ($) 6 6
 

FLEAT 5 New Cost 5 6
SRT 5 New Cost 6 5
CAT 5 New Cost 5 5Washington 

BEST 5 New Cost 4 6
 

SRT 2-5 days Replace/ new cost 7 6
FLEAT 2-5 days Replace/ new cost 5 5
WYBET 2-5 days Replace/ new cost 5 7Idaho 

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
Used

Resistance to
Snow Load

(1-7)

Replace Post 
During Winter

Winter 
Replacement

Above ground
Repair (0-100%)

Marking
Strategy

WYBET 6 Yes Yes 50
SRT 5 No No 60
FLEAT 5 No No 50

Wyoming 

CAT 5 No No 50

Guard rail
Delineator

FLEAT 6 If Sleeved, Yes If Sleeved, Yes 70
SRT 6 If Sleeved, Yes If Sleeved, Yes 70
CAT 6 If Sleeved, Yes If Sleeved, Yes 80
BEST 5 If Sleeved, Yes If Sleeved, Yes 70

Montana 

CRT 5 If Sleeved, Yes If Sleeved, Yes 70

N/A

SRT 5 No No 70
FLEAT 5 No No 70
CAT 5 No No 80

Utah 

BEST 5 No No 60

Standard 
Flexible 
Markers

SRT 3 Yes Yes 50
FLEAT 4 Yes Yes 60
WYBET 4 Yes Yes 60
CRT 4 Yes Yes 60
BEST 3 Yes Yes 70

Minnesota 

REGENT 4 Yes Yes 50

Standard 
Flexible 
Markers

FLEAT 6 Yes Yes 60
SKT 6 Yes Yes 60
REGENT 5 Yes Yes 70Michigan 

BRAKEMASTER 6 Yes Yes 70

Standard 
Flexible 
Markers

 

REGENT 7 Yes Yes 70
SRT 7 Yes Yes 70
FLEAT 7 Yes Yes 60Oregon 

CAT 7 Yes Yes 60

Guard rail
Delineator

New Century
Northwest

541-342-4500
  

FLEAT 3 No No 60
SRT 4 No No 40
CAT 5 No No 50Washington 

BEST 5 No No 50

Guard rail
Delineator

  
SRT 5 No No 70
FLEAT 6 No No 70
WYBET 5 No No 70Idaho 

BEST 5 No No 70

Standard 
Flexible 
Markers
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APPENDIX B – DECISION-MAKER DETAILS

Table B.1. Decision-Maker Input

Criteria
Screening

Only
Acceptable
Threshold

Curve
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
Terminal quality No Linear
Customer service No Linear
Resistance to Snow Load No Power
Above Ground repair No Power

y = 0.0002x4.3759
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1
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Figure B.1.  Terminal compatibility value function
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y = 112.81x-3.774
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Figure B.2.  Maintenance training time value function

y = x - 5
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Figure B.3.  Terminal quality and performance value function
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y = 1E-08x10.28

0
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0.3
0.4
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Figure B.4.  Terminal resistance to snow load value function

y = 5E-37x19.675
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Figure B.5.  Percentage of terminal repairs that are above ground repairs value function
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y = 0.0003x1.7622
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Figure B.6. Percentage of terminal posts with sleeves value function

y = 0.3333x - 1.3333
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Figure B.7.  Ease of terminal installation value function
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y = -0.0005x + 1.4
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Figure B.8.  Terminal cost value function

y = x - 5
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Figure B.9.  Customer service value function
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y = 0.3333x - 1.3333
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Figure B.10.  Terminal complexity 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://safety.fhwa.dot.gov/fourthlevel/hardware/term_cush.htm



U S Department 
at Transportation 

Federal Highway 
Administration 

Mr. Don H. Johnson 
President 
Syro Steel, Inc . 
2525 Stemmons Freeway 
Dallas, Texas 75207 

Dear Mr. Johnson: 

400 Seve ntn 51 S 'N 
Wasrllng tor. , J C 2CS;C 

Refer to: HNG-14 

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 level 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 questions raised by my staff, you submitted 
supplemental 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 modifi ed 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 fun-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 
lieu 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,OOO-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 I ikel ihood of pocketing and the 2000-kg pickup truck has proven 

C C 1.2. - i 
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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. 

3 Enclosures 

Sincerely yours, 

Jerry l. Poston, Chief 
Federal-Aid and Design Division 

Supplement to Geometric and Roadside Design Acceptance Letter CC-12 
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SUMMARY OF ET-2000 COMPLIANCE TESTS FOR TEST LEVEL 3 OF NCHRP REPORT 350 

Test Report and Results Meet 
NCHRP 350 TTl Test Test Article Max OIV Max RA All Report 350 

Test No. Description No. Description (m/sec) (G's) Requirements? 

3-30 820C head-on on nose 600H See Ref 1 and 9.3 17.3 Yes 
w/15" offset, O· approach drawing SS 215 

3-31 2000P head-on on nose, 220510- See Ref 2 and 8.1 13.0 Yes 
O· approach 5 drawing SS 241T 

3-32 820C head-on on nose, 220510- See Ref 2 and . 9.0 7.4 Yes 
15· approach 3 drawing SS 241T 

3-33 2000P head-on on nose, 220510· Sae Ref 2 and 5.5 4.0 Yes 
15° approach 4 drawing SS 241T 

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 241T 

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

Hayes E. Ross, Jr., 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:

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

          2.     Use of standard CRT posts for posts 3 through 7.  This results in 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. Lewis to 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 a terminal 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 guidelines in NCHRP Report 350.



       2

Enclosed is a drawing showing the modified ET-2000, which is named the LET.  Thus, the LET is

acceptable for use on the National Highway System if proposed by a highway agency.  Since it is

a proprietary 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 Institute
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 this request, 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 this test 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



U.S. Department
of Transportation

Federal Highway
Administmtbn

January 18,  2000
400 Seventh St., SW.
Washington. DC. 20590

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 all of the previously-accepted terminal
designs which used the ET-2000 extruder head.  The new head, called the “ET-PLUS”, differs
from the original head in the size and shape of its face plate and in the omission or reduction in
size of several 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 a 2000-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.

Sincerely yours,

Dwight A. Home
Director, Office of Highway Safety  Infrastructure
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Test Agency ........ , ... , 
Test No .... '" . " , ..... . 
Date .... , ............. , 

Teat Alltcle 
Type ........... , .... , .. 
Name." ......... ..... . 
Installation Length (m) " .. . 
Material or Key Elements , , , 

Texas Transportation InstlMe 
4OOO01·LETI 
10105199 

Terminal 
ET·2ooo PLUS 
57,2 
ET·2000 PLUS Guardrail Extruder 
Terminal on Wood CRT Posts 

Soli Type and Condition , , " Standard Soli, Dry 
Test Vehicle 

Type ..... , .. , ........ , . 
Designation .....• , ... , .. 
Model" ........ . ,"', .. 
Mass (kg) 

Curb, . , , , ... , ... , , , , , 
Test Inertial .. " .. ..... . 
Dummy ............. ' 
Gross Static ......... .. 

Production 
2000P 
1994 Chevrolol2500 Pickup Truck 

1896 
2000 
No Dummy 
2000 

I 

Impect Condition. 
Speed (kmlh) , , .... , ." ...... 100,3 
Angle (deg) .. , .. ,.,,,,, .... , 0,4 

Exit Conditions 
Speed (km/h) .. " ........... ' Stopped 
Angle (deg) ............... ,. NIA "'-

Occupant Rllk Values " 
Impact Velocity (mls) 

x-dlrection ................ 6,2 
y-dlrection ,., .. , ... ,. ", . , 0.1 

THIV (kmlh) ... , .. , ...... ", 22,3 
Rldedown Accalerations (g'.) 

x-dlrection """" .,. ,., . , -6,g 
y-dlrection ............... , 2,8 

PHD (g's) .. , .. " .. , " " .. , .. 7,3 
ASI , .. "." .. , . ........ ... 0,52 
Max. O.050-s Average (g's) 

x·directlon .. " ... " ...... , ·6,1 
y-dlrectlon .. "".......... 1,0 
z·dlrection ................ 3,4 

-- - U'.~l'.\, ,- ... ., .. -

I 
"-

.J I ._- l 

Test Article DellacUon. (m) 
Dynamic. , , , , , , , , , , . , , , " NlA 
Permanent .. " .. . .. .. .... 11,6 

Vehicle Damage 
Exterior 

I ~ 

-....... 

VDS , , . , , , , , , . , , . , .. ,. 12FC5 
CDC, , , , , , , , , . , , , , , , " 12FCEWI 

Maximum Exterior 
Vehicle Crush (mm) , , . , " 460 

Interior 
OCDI ... " .. .......... FSOOOOOOO 

Max. Oce, Comport, 
Deformation (mm) """ . 0 

Poet·lmpact Behavior 
(during 1,0. after Impact) 
Max, Yaw Angle (deg) "",. 5 
Max. Pitch Angle (deg) . , , , ,. -8 
Max, Roll Angle (deg) . , . .. " -6 

Figure 14, Summary of results for test 400001-LETl. NCHRP Report 350 test 3-31. 



US. Department
of Transportation

Federal Hiihway
Administration

400 Seventh St., S.W.
Washington. DC. 20590

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 a total 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 rail
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/b is less than half of the TL-3 impact speed of 100 km/h 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 km/h 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 sleeves without soil



plates or in 1.37 m (4.5 foot) tube sleeves with soil plates, or steel hinged breakaway postsm 
(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, 

Dwight A. Home 
Director, Office of Highway Safety Infrastructure 

2 



u.s DeporImeflI
of Tmns~h

-1 HishwaV
Administmlion April 10, 2000

400 Seventh St., S.W.
Washington. D.C. 20590

Refer to: HSA-CC12I

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 a consultant 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” x l/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 alternative 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 posts to be a direct 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.
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APPENDIX D – SRT-350 APPROVAL LETTERS

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

http://safety.fhwa.dot.gov/fourthlevel/hardware/term_cush.htm



U S Deporlmenl 
of Tronsporral101l 

Federal Highway 
Administration 

Dr. Hayes E. Ross, Jr. 
Research Engineer 

DEC A 1995 

The Texas A&M university System 
Texas Transportation Institute 
College Station, Texas 77843-313S 

Dear Dr. Ross: 

400 Seventh 51.. 5 'N 
Wasrllngl on. 0 C 20590 

Refer to: HNG-14 

Your November 6 letter to Mr. William A. Weseman provided 
videotape and test reports indicating that the Slotted Rail 
Terminal (SRT) successfully me t the National Cooperative Highwa y 
Research Program (NCHRP) Report 3S0 e valuation criteria a s a test 
level 3 (TL-3) guardrail terminal. This letter also requested the 
Federal Highway Administration's (FHWA) concurrence in this 
determinat i on. 

I n reviewing this material, we noted that the final NCHRP 
Report 3S0 terminal differed from the 230 tested design in the 
following ways: 

1. The 3 0S-mm long slots a t post number 2 have been 
eliminated. 

2. The w-beam rail elemEmt spanning posts 3 through 11 i s a 
single section 7620P mm in length. The 230 design u s ed 
two 38 10~-rom sections of w-beam in this area. 

3. In lieu of a shelf angle to hold the rail in place, the 
3S0 design uses standard 30S-rom long w-beam backup plates 
at post 2 and at posts 4 through 10. 

4 . The 3S0 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 f ull-scale tests that were 
c onducted during the complianc e testing for the SRT. We 
conc ur 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 waived for this terminal. In 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 de.sign, its use on Federal-aid 
highway projects is sUbject to the conditions in Title 23, Code 
of Federal Regulations, Section 635.411, a copy of which i s 
enclosed for your ready reference. 

As with all gating terminals, the SRT must be installed on a 
relatively level site and have a reasonably 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 ~!r. Richard Powers of my staff at 
( 202) 366-1320. 

Sincerely yours, 

~- , - ' --~{3C ~? .' , J "",,,' __ 

3 Enclosures 

( Jerry L. Poston, Chief 
~ FeCieral-Aid and Design 

:eometric and Roadside Design Branch Acceptance Letter CC-31 

Division 



I 1905 1905 - +- _._- -1~--,-.. --
o are on p os ts _ fl ecl ed lo 

,
" 3 th rough 1 a 9 10 nn ! cot! 9 10 

p ' c ' : j 4 , 6, 7, " , . ' 5 6, /, R, " r l ~.t <; 2, i 0 1 pos ts 2, 4, . ba( k up r io cs 
m il 

: () () I<M/ f l 

" I tt l( ' t he ~'l': e 
• ~('(" I io;·' pos. 

Plclr' 

C,I (I I II I) 1,/\ 11 

Ii' 

" 

Ill'·;! two 

.. - 7fi) () 

I 
# ~. 

I 

" 
r 

c 
v 
<: 

c 
-< 

u 



f 
- -- - -.\," 0 -- - -- -- ---- - ---- - -. 

-- -,- '90,} - ---. -- - ---- -.. ' If:')fl ---- --- - -- --- , 

J ~O+- 6B5 -----i r 'Oo---il 'o't---110<. --- -j 
I ~A I r"'--, f:[ -- :l:j-;lIU rJI - --- t!:~, : -- ' - :1 

•• ~A t_ C, bl. ' ' ''' ' ' 10', '~l':...- -; ---: -
bi~lin9 19 ~ 6 4 Sl('l tqL.']'" 

P OS ! Slo t (Typ. ) OET/,I. A 
38 10 SIO ITED RML EL FMFNI 

At .. • ,~ {)! . ,~" sho .. ,'. (,- , I Ih, ~,! 13 " , m d'1'. ~ 

,1nj .,.,~ in 11',0: vull",y of Ir,e W t.nr" 

F~ 1905 --I-~;,=F~-=- '3J5 1905 -I- ;;i"-------~··· - 1905 -----r- 190' --- -:-:-=9 

f:£
r- --:::::;!=Hj ~,., :-=1 <: 

__ t •. • : . ___ ___ --,= ~~.~~~~~______ _ _ -,:_;j ~ 
ISO I I I I SO 1 50 -...f--t-~ I ~O ,_ ';In:'1 .. C' ,j f1c l ~ Al l o(ol"-, ,, " " 0 " " . r.,,! l"' o: e 1 \ m rT\ !'; Io t ~ Ono: C" eu~ h pe : ; ~ 

( .. " hng 19 • 64 ()n'~ ('>., .. in Ihf "'JII .. y QI Ihf' w· ot"orn 

P o:! 1 Slot ( Iyp .) DE T.J\ IL £) 
167.0 SLOTTr O Pll! . !'"1 ::-MfNT 

--r- ,--
4 1") i 

1 52-~ 

i ) '" ~" _(7 
I I -~~ 

i_l,---_-----',~) 

-I (I) 
65 

]/(; - \- - GJ 

DETAIL C CD 
VI -HIAM BACK - UP PL/lIF 

r { I t . .I 1 /.l N 

o --.. 



) 

t -6R5 -----, 
,--f-- Anchor PL(Jte 

Sio' Guard --
(':;ee Oetol D) 

'--c'l] ~~=~~,fi~~:-;:~l~:-=;:~i-~;~~~l (,f F~'\,) ~>I 
i II ~~_c , \J¢1 I 

Slotted Beanng ~Iatc ~)I ~::;:- "~'- Cable !\SSe'"'1bl~ I 

7~+ _ ~~l~;;~:~;~}r=_C=~~~~;~~::'-==-~W~'~)c~'~d~e~"=B=,=e::O::K=C::.=O==y=c=o=s=t=S===1t::!:t~~r_ 
~===~--'il,f--'c," ',' I) 
~X«1, Groul'd Strut (See De\(]1 

P'cte Wosher -'! t 
See Detail F ! 

L • , 
, 
, 

TS 203 x 152 x 4,8 \ : 
'::,\eel Foundation Tube \: 

~ , , , , , , , , 
, 
, 
, 

\ >------- 16 Diu. 
Nuts--J 

fjex Ro:t" onrl 
(Typ,eal) 

Piate / 

W-HeC'-'l Br:c:k-LJf_'~ 
Plo:e (See De:Q' C) 

DETAI' F 
I-j\[-) /\J-VI-IOR/\I::[ to' - ::-r-l8' 

LGround 

702 

1475 



~5i) 

I 

I 
'5 

l 
• 

i -s 
j 

8 t-

5 '~D 
( --yp.) 

I 
I 
I, 

I, 
O. 

0, 
I 
I 

S"':::~-e'N ~--\ 

- C"'ourc 
S:rut 

I 
I 

" , 

I , 
" II 
I 

" 

4 of ., 

Grc:undl r;c 

~!tr-t- " 
, /1r--~I~I 
~-~V 

r
55 l::1 -r CSl 

I 16 I I 10' 10' 

Y lr 1',", II J B ,~ 

\ 160' ' " 22 

~L_-r '" 
I-- 1 OJ -----1 i 

I---- 200 ' 

Siottec3eoring Plate 

[:ETI'.IL F 
SLOT-ED BEARI~IG PLP·T[ 

r-- IO :) 

\-1C Stee, ~cte 



1 1 10 

I ~Il 
lee I 
j [" '\" , 

L E8 If" C Hc le 

_I_~I (;- I 
~t:::::~ 54 .] Yoi € 

65 -.J I t·,'.. 
j .......... - 22' C i., cl e 

I 
...L~ 

[ " --- '"S i -
~---' -~~ 

,._ r _ _ • 

l..- :' ,

S i-C:"': T, t= -~ r ' - . \ ._ _ ..... i. , .:.......: • ." ... N/.·,-'-- \\-/ ~',")= =-r\ r::=s-:-

~, 

\ 
Typ ) 5 V 

183C 

J __ __ _ ~ --! 

~-m-~/-Jff- II c-q~: : Ii 

22 x 50 --- I' 25 "od . (-Yc )~ 
2 in Line 

1905 - - --- - --0' 

DETAI L 

') of J 



Table I. Summary of perliJrmanee evaluation of compliance tests for 350 SRT terminal. 

NCHRP I mpact Conditions 
Occupant J mpact Ridedown 

350 TTl Test Velocity Acceleration Results Meet 

Test 
Description 

No. 
NCHRP 350 

No. Speed Angle Long. Lateral Long. Lateral Requirements 

3-30 
Small Car 220530-5(') 99.4 kmlh o "eg. 

R.4 mls 2.6 mls 
-9.4 g 13 .5 g Yes 

Head-On (61.8 mi /h) (26.7 HIs) (8.6 ft/s ) 

Pickup Truck 
101.4 

5.4 mls 3.2 mls 
3-31 220530-10 kmlh o deg. -7.0 g , -8.2 g Yes 

Head-On 
(63.0 milh) 

( 17.8 ftls) (10.5 !!ls) 
_ ... _ .... _.- ._. 

Small Car 
101.8 

5.9 mls 7.2 mls 
3-34 2404SR-5(b) kmlh 15 deg. -1.8 g -13 .8 g Yes 

Redirection (19.2 ftls) (23.7 ftls) 
(63 .3 milh) 

3-35 
Pickup Truck 

220536-13 
99.2 km/h 20.9 8.6 mls 0.8 mls 

-6.5 g 10.5 g Yes 
Redirection (61.6 milh) deg. (28.3 ftls) (2.6 ftls) 

Pickup Truck 
100.9 

21.0 3.9 m/s 1.6 mls 
3-39 220536-14 km/h -2.8 g 6.0 g Yes 

Reverse Direction 
(62.7 milh) 

deg. (I2.8 ftls) (5.4 ftls) 

(.) Reference 2. 230 SRT Terminal Compliance Test. . 
(b) Reference 7. Split Rail End Terminal Compliance Test . { 



§635. 23 eFI Ch. 1 (4-1-90 Edition) 

• 635..... Mater,.1 or product .el~Uon. 

(a) Federal funds sha.ll not partici
pate. dln:cUy or indirectly. In payment 
tOt any premium or royalty on any 
patented or proprietary matu.al. spec
Ification, or process specirlcally set 
forth in the plans &I1d specllicat.ion:a 
for a project, unless: 

( 1) Such patented or proprietary 
Ite m is purchased or obtained throu8h 
compeliUve bidding with equally suita
ble unpatented Items: or 

(2 ) The State highway age ncy certl
lies either that such patented or pro
prle ta.-y Item is essential lor 5ynchro
nJulian wllh exls UnR highway '&eill' 
ties, or that no equally sui table aller
nale e xists; or 

(3) Such patent ed o r proprietary 
item b used for research or for a dlJi· 

184 

, 
J.ral Highway Adndnlltrotlon, DOT 

UncUve type o( construction on rela- ' 
Uvely short sections ot ro&d for ex.perl
mental purposes. 

(b) Whf"11 there Is avallable (or pur
chase more than one nonpatented, 
nonproprietary material. semlflntshed 
or ftnished article or product that will 
fulfill the reQuiremenL'i for &n Item of 
work of a project and these available 
materials or products are Judged to be 
ot salb;tactory Quality and equally ac
ceptable on the basts ot engineering 
analysis and the antlclpated prices for 
the related itemts) ot work are estl· 
mated to be approximately the same, 
the PS&E for the project shall either 
contain or include by re fe rence the 
SDcclfications tor each such material 
or product that ls cons ide red accepta
ble (or incorporation In the work. If 
the State hlehway agency wishes to 
substllUte some other acceptable ma
(..erial or product for the material or 
Droduct designated by the successful 
bidder or bid as the lowest alternate, 
and such substitution results In an In
cr~ase In ~osL<;, there will not be Feder
l l-ald participation In any Increase In 
costs. 

(c) A Stale highway alency may reo 
quirt! a spectfic matertal or product 
when there are other acceptable mate
riaLs and products, when such specific 
choice ls approved by the Division Ad
mlnl6trator as being In the public In
terest. When the Division Admlnlstra
Lor'a approvalls not obtained, the Item 
will be nonparticipating unless blddina: 
procedures are used that establish the 
IU'llt price ot each acceptable alterna
tive. In this case Federal·a.ld partlctpa
tlon will be based on the lowest price 
so established. 

(d) Apptmdlx A sets forth the 
FHW A requIrements regarding (1) the 
5Peclflcation of alternative types of 
culvert pipes, and (2) the number and 
tYPt!s of such alternatives which must 
be set fO I·th In the specifications (or 
various types of drainage Installat ions. 

(d Re(erence In specifications and 
on plans to s lulle trade name materl 
a.Is will not be approved on Fe~eral-ald 
Centrads. 
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u.s. DeporTmen1 
Of TranSpoI(101)(J<l 

Federal Highway 
Administration 

King K. Mak, P.E. 
Research Engineer 
The Texas A&M University System 
Texas Transportation Institute 
College Station, Texas 77843-3135 

Dear Mr . Mak : 

Janu a ry 27 , 199 8 

400 Sevl1nm St . S W 
Wasninglon. D C 20590 

Refer to : HNG-14 

In your December II , 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 between the first two posts in the terminal (and the use of a reinforced concrete footing at 
the fir st post with either a concrete footing or a 2177 -mm long steel foundation rube with a soil 
plate at the second post) and the substirution ofa rounded W-beam end section (Guidejor 
Standardized Highway Barrier Hardware Designation RWE03a) 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 performance 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 RWE03a 
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 direr tJy applicable to the SRT 
because the BCT is a much stiffer system, having only two weakened posts and an intact 
W -beam rail elemem (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 d~wnstream impact 
would be less with the BCT than would occur in a similar impact with the SRI'. In addition, 
even though the calculated impact severity i!; 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 currem design as a NCHRP 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 
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your October 1995 repon, " NCHRP Report 350 Compliance Testing of the W-beam Sioned 
Rail Terminal, " but no information on end-anchorage movement was included. Our 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 concn:te footing at post No. I 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 Repon 350 guidelines. 
we noted that the second post (a weakened wood post set only in soil) showed significant 
lateral deflection. 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 bave observed numerous problems in the past 
when concrete fOOlings were used with BCT installations . Since relatively small volumes of 
concrete are required, installation costs tend to 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 I 
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 Hanon at 
(202) 366- 1329. if you wish to discuss this response in detail. 

Sincerely yours , 

~:cJdC~/~ 
Dwight A. Horne 
Chief. Federal-Aid and Design Division 

FHW A:HNG-14 :RPowers:366-1320:rp: 1-22·98:KMAK 
copies to : 
HNG-I HNG-IO 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 Institute
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 a reduction
in the end offset from 1.22 m to 0.91 m, a reduction in the length of the parabolic flare from 11.4
m to 8.9 m, an increase in the spacing between posts 3 to 9 from 0.95 m to 1.27 m, and the
addition of a third set of 305-mm long slots in the second 3.81-m section of w-beam.  In addition
to these changes, the ISRT-3 uses redesigned slot 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 tests were run on the ISRT-3 design except 3-34 which was run on a
similar design (called ISRT-4) having the original SRT-350 four-foot flare over its full
11.4-m length.  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, as tested, meets the
evaluation criteria for 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 Federal-aid
projects, except exempt, non-NHS projects, is still subject to the conditions listed in Title 23,
Code of Federal Regulations, Section 635.411.
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You also requested that the ISRT-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 I. Sillan)

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

2 Enclosures
Acceptance Letter CC-51
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Ge~fal Information 
Test Agency 
Test No .. . 

Oe'6 
Test Articlf! 

Type . . 
Name . 
Ins tallation length (m. 
Material or Key Elements .. 

SOil Type and Conditton 
T es t Vehicle 

Type .. 
Designation . . 
Model 
Mass (kg) Curb 

Test Inertial 
Dummy 
Gross Sialic . . 

0 .011 • 0.189 • 

L i i I I • 

23.8 m--- ------!I J 
aJ 

Texas Transportation Institute 
220546·6 
04108/98 

Terminal 
Improved SRT 
53 .3 
Slotted W-beam guardrail 
with 915 mm liar. 
Stoodard Sol. Drv 

Production 
820e 
1993 Ford Festive 
856 
820 

16 
896 

Impact Conditions 
Speed Ikm/h) 
Anglo Idog) . .... .. • .. •.. 

hit Conditions 
Speed Ikm/h) 
Angla (deg) .. . . . 

Occupant Risk Values 
Impact Velocity (m/a) 

x-direction . . . . .... , . . . . 
y-directkM1 .... , ... .. . . 

THIV Ikm/h) .... . 
Rtdedown Accelerations (g'., 

x-direclion .... , .... 
v-direction . . 

PHD Ig',) 
ASI .. . . 
Max. 0 .050-s Average (g ' r;1 

)( -di'BctHln . ..... . 
y-dlrechon . . .. ... . 
z-dwection . ... ... . 

99.4 
0 .0 

43.6 
17.5 

6 .8 
3 .4 
24.8 

-13 .5 
11.8 
15 .3 
0 .8 

-7 . 7 
6 .3 

-1.5 

0.473 s 

- "I:::rr.:::.n:" .. 

Tesr Article DllllnectKms Iml 
Dynamic. _ .. 
Perme08flt ... .. .. . 

Vehide Demage 
Exterior 

VDS ...... . 
CDC . ... . . . c .. .... . 

Maximum EJetet'iof 
Vehicle Crush {mml 

Interior 
OeDI .. ....... 

Max . Occ . Camper' . 
Deformation (mml 

Past -lmp8lct Behavior 
(duling 1.0 s after impact) 
Mu. Yew Angle (deg) 

Max. Pitch Angle Ideg) . 
Max. Roll Angle Ideg) 

Figure 19. Summary of results for test 220546-6, NCHRP Report 350 test 3-30. 

1.01 
3.80 

12Fl4 
12YZEW3 

300 

lSooOOOOO 

11 

21 
·2 
1 

-

M 

" n 
,~ 

o 
"' c .., 
'" 



0 .000. 

I:m ~ p! ffi r • 
1.9 deg 

General Information 
T est Agency .. , . . . . . . . . 
Test No .... ..... .. • . 
Date 

T es t Article 
Type ... -, . .. . 
Name ....... , .. . 
Installation lcMlgth 1m) 
Materia' ()( lliay Ehlmenls 

Soil Type and Condition 
Test Vehicle 

Deslgnal ion . 
Model ........ . 
Mass (kgl Curb 

Test Inertial 
Dummy 
Gross Static ... . 

• 

0.119. 

48.2 m 

• 

Texas Transportation 6nStitut8 
220546·5 
04/02/98 

Terminal 
Improved SAT 
53. 3 
Sioned W -beam QU8fdrail 
with 915 mm ltar. 
Standard Soil, Dry 

Production 
2000P 
1995 Chevrolet 2500 pickup truck 
1898 
2000 
No dummy 
2000 

1'lF'" . 
. "",.~_'t' '''''' " . .. -

0 .262 s 

j 
Impact Conditions 

Speed Ikmlhl . . ... . 
Angle {<legl ...... . 

hit Conditione 
Speed Ikmlhl .. .. ... .. .. 
Angle Idogl . , . . , , , , .. , , . 

Occupant Ri,k Values 
Impact Vetoclty (mIs' 

.-direction ..... _ .. 
V-direction 

THIV Ikmlhl ... .. . . 
Rldedown Accehtrations (g 'sl 

x-dwection ... . 
y-dwectkx"l , ...... ' 

PHD IU 's, ... ...... . 
ASI ............ .. 
Max, 0 .050·, Average (g '&1 

x-dwec lion , , , . , . , ..... 
v-direction . 
l -dir8c tion 

100.8 
0.0 

77.1 
1.9 

5.0 
1 .5 
18.2 

·4.4 
·2.8 
5 . 1 
0 .4 

·4.6 
-\.6 
. \.9 

. , 1. 

0 .476. 

_..- ... _--. ~----. 
~. - .. ----.-----. 
~----. 

, , ~ 

Test Art icle De,taction. Iml 
Dynamic .......... . 
P9fmanent ....... . 

Vehicle Damage 
Exterior 

VDS " .. .... . 
CDC ..... " ., .. 

MII)lmum Exterior 

Vehicle ClOth 'mml 
Interior 

QCDI ... ... .. . 
Max. Dec . Campar'. 

Deformetion (mm) 

Post -Impact Behavk:)r 
'dur'"o 1.0 • after impac t) 
M •• . Yow Angle ldogl 
Max . Pitch Angle Id&g) , 
Max . Roll Angle Ideg) 

7.23 
3 .94 

12FD2 
12FDEW2 

270 

FSOOOOOOO 

25 

· 12 
· 6 . 

34 

Figure II. Summary of results for test 220546-5, NCHRP Report 350 test 3· 31. 
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0.000 • 

Generallnformaeion 
Tose AgoncV . , ... _ . 

Tost No . .. 
Dal& 

Test Anicle 
Type ., _ .. 
Name . _ .. .... .. .... _ 

Installation Length 1m) ." 
Material or Key Elements 

Soil T vpe and Condition . . . 

Test Vehicle 
Tvpe 
Designation . 
Model ... 
Mass (kg' Curb _' .... . 

Test Inertial .. . _ 

Dummv .. 
GroSlii Stalic .. 

0 .124 & 

, n .... ' •• 
t ..... 

I, 

Texas Tramiportatioo. 'nl5titute 
220646·8 
06119/98 

Termanal 
ImpfOvod SAT 
53.3 
Slotted W-beam guardrail 
with 1220 mm 1181e 
SI0nd4rd $oi. DiV 

Production 

-~ 1994 G80 Metro 

770 
820 

76 
896 

0 .297 s 

Impact Condition& 
Spoed Ikmlhl .... . . . • .. 
Anglo Idog) 

Exit Conditions 
Spoedlkmlhl .......... . 
Angle Idog) . .. .... . 

Occupant Risk VakJe5 
Impact Velocity (m/s) 

x-direction . 
y-ciirection 

THIV Ikmlh) 
Ridedown Accelerat~ns Ig's) 

x-directioo ... 
y-directioo . . 

PHD Ig·.1 
ASI . 
Max. 0 .050'5 Avtlotaye fg 's' 

x ··direction . 
v-direction . . , , .. 
z-dweCI;on . .... _ . . _ . _ . ... 

101.1 
16.7 

57 .4 
17.5 

8.3 
4.7 
26.0 

·9 . 1 
· 10.9 
13.8 
0.8 

·6.8 
·5.0 
·2.7 

0.644 s 

Test Anicle Deflectioo6 1m) 
Dvnamic .. 
Permanent .. . 

Vehicle Damage 
ExltlflOr 

VDS 
CDC 

Ma'lilflluln E)(\erwr 
Vehicle Crush (mill' 

Interior 
DeDI 

Max . Occ. Compelfl . 
Deformation (mm. 

Posl ·lmvact BehavlOI 
(during 1.0 s after impact) 
Ma li. Yaw Angle ldeg} 
Maj( . Puch Altylo {dog' . 
Max . Roll Anqle (deg) 

Figure 35. Summary of results for test 220546-8, NCBRP Report 350 I~st 3-34. 
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Genefallo'armetion 
~ 
00 Test Agency .... , .. . .. . 

Tasl No. ' • , • .. . 
Date ..... . .. ..• . _ . , . 

T eSI ArtK;le 
Type .. ... .... .. .... . 
Name ... . .... , . . . . 
Installation length 1m' 
Mat6f'ial Of Key E~nts 

Soil Type and Condilion 
T 8st Vehtcle 

Typa ........ . 
Designation ... . 
M odel 
Mass (kg) Cwb . . . ... . 

Test Inertial 
Dummy 
Gross Static . 

• 
r .. 

Texas Tr8f15PO'tation Institute 
22.0646·7 
.04/24/98 

Terminal 
Impro .... ed SRT 
63.3 
Slotted W-beam gUCtfdfaii 
with 91 5 mm flare 
Standard Soil, O~V 

Production ':1 
2000P 
1995 Chevrolet 2500 pickup truck 
2062 
2000 
No dummy 
2000 

Impoc' Cond"'o .... 
Speed Ikmlhl ...... . 
Angle Idegl .. .... . • . 

Exit Conditions 
Speed Ikmlhl . ... . 
Anglo Idegl . . ... ... . 

Occupam Aiak Values 
Impact V&tocity Im/s) 

x-direction . 
v -direction .. ... _ . , .. 

THIV Ikmlhl 
Ridedown AcceleraltOnS (g' s) 

x-direction ...... . 
y-direction . 

PHD Ig'.1 
AS . ...... .. ....... . 
Max. 0 .060 -5 Average Ig 's l 

x-direc tion . . 
V-du-8ction ... . ..... , .. . 
I -dIr8CCtoo ....• ••. ..... .. 

99 .2 
19 .5 

28.3 
22 . 1 

6 .6 
4 .5 
23 . .0 

·1. 6 
~6.9 

1.0.6 
0 .8 

~5.3 

~ 5 . 6 

4. J 

~---. ---- ... _----.-._--_._-- .. -. -- ~.------. , - . _ t - ---.--: 0--.---;:::.., f 
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~::~~- " ¥i?~rf~:;=~ _ u -t~ t -1 
~ ~-~ U U U U U U u--
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Test AlIic ltt OefieClioos 1m) 
Dynamic . . ...... 1.01 
Permanent 0.71 

Vehicle Damaye 
ExIBHor 

VOS .. . . . . . . . . , . OlfL4 
CDC Ol ZYEW3 

MaJ(imulll Exterior 
VBh~le Crush fmln) 585 

InltHlO' 
QCOI RSODDOOOO 

Ma J( . Occ. COnlpart . 
Deformation Imln) 10 

Prn;{ Impact Behijvlu r 

(dluiny 1.0 s after impact l 
Max. Yaw An91~ Idey) 4.0 
Max. Pi tch Angle Ideg •. ·5 
Max·. Roll Angle Ideo I 8 

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-
CC51A

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.  I 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 original 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
Institute 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 steel 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 I have previously accepted this terminal 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 slot pattern in the second w-beam panel with two sets of
 305-mm long slots and stated that such standardization would have no adverse effect on system
performance.  Since our  review of tests previously conducted with the three-slot panel showed
that the middle set of slots did not activate in either end-on test, you may also consider
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this change acceptable.  The standard panel, which can be used with all previous and current
slotted 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



w General Intonnation 
o Test Agency .... . 

Test No ... ....... .. . . . . . 
Date ....... .... . 

Teot Article 
Type .... 
Name or Manufacturer . .... 
Installation Length (m) ., .. , 
Material or Key Elements _ . 

Soli Type and Cond"lon 
Tut Vehicle 

Type ... 
Designation ..... . .. . ... . 
Model ........ . . . ..... . 
Mass (kg) 

Curb.. . .. .... ... .. 
Test Inertial , ... , .... ,. 
Dummy .......... .. .. 
Gross Static .. .. .. . _ . . . 

Texas Transportation Inatitute 
220546-14 
03109199 

Terminal 
Improved SRT w/1.2 m flare 
53.3 
Slotted W -beam guardrail 

Standard soil, dry 

Production 
2OO0P 
1993 Chevrolet 2500 pickup truck 

2083 
2000 
No dummy 
2000 

Impact condltl"". 
Speed (kmIh) .. .. .. 
Angle (cIeg) ......... . 

Exit COCIdltion. 
Speed (kmlh) . , 
Angle (deg) ", .. , 

Occupant RI.k Value. 
Impact Velocity (mil) 

x-dlrectlon ... " .... . 
y-direction " ............ .. 

THIV (kmIh) ............ " .. 
Rldedown Acceleration. (g'.) 

x--dlrec1ion ... ........ . . .. . 
y-directlon .............. .. 

PHD (g'.) ..... . ........... .. 
ASI ......... ..... " ..... .. 
Max. 0,050-. Average (g'.) 

x-direction ........... . 
y--direction .......... . 
z-dirsction .. 

"...,--.~~ 

t'-_I) 

.... _~_Il 

I- ' •• --+- , •. -+----'."".-~"".~".'---J -: ... ~ )_ ""."" ...... ..... 1 ....... --....... 

100.6 
20.5 

46.5 
12.6 

Test ArtIcle Deflection. (m) 
Dynamic .... .. ........... 1.37 
Permanent ........... . .. , 1.05 

Vehlcfe Damago 
Exterior 

VDS ... , .. , , ... , . . ... , 01 FL3 

-.. 

CDC .... , . , .. , . , . , , , ., 01 FREW3 

4.6 
4.3 

20.4 

-8.0 
-10.8 
12,8 

0,68 

-5.6 
-4.6 
3.Q 

Maximum Exterior 
Vehicle Crush (mm) . , . , ., 400 

Interior 
OCDI ................. FSOOO2000 

Max Occ. Compart. 
Deformation (mm) . . ,. . .. 15 

Poot~mpac:t B""ovlor 
(during 1.0. after Impact) 
Max. Vow Anglo (deg) ...... -29 
Max. Pitch Anglo (deg) . , . . .. -6 
Max. Roll Angle (dog) .. , . , 20 

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

Test No ...•...•... .•• 
Date .... , ..•.•. . , ••. 

Test Artlc'-
Type .........•...•• 
Name or Manufacture' ••• 
Installation length (ml 
Material or Key Elemen't5 • 

Soil Tvpe end Condition .. , 
T.st Vehicle 

Type ........ . 
Designation, ....• • .... 
Model ..•.... , . •.. .• 
Mass )kg) 

CtJrb ...••.. . . • . . .• 
Test Inertial .. ...... , 
Oummy . . , .... • ..•. 
G,oss Static ... •• , . . 

l. ... 

Texas Transport,don Institute 
220546·10 
1112419B 

Terminal 
Improved SRT w ith 1.2 m offset 
63.3 
Slotted W-beam guardrail 

Standard soil, dry 

Production 
2000P 
1995 Chevrolet 2500 pickup truck 

2145 
2000 
No dummy 
2000 

Impact Conditions 
Speed Ikmlh) ....... .. . .. . 
Angle Idogl .........•..•.. 

Exit Condition. 
Speecl tkm'l'I) . .. , . . , •.. •. • 
Anglo Ideg) ...........• .. . 

Occupant Rltk Vafu •• 
Impact Velocity (m/s) 

x-dlrection , ............ . 
y-directton ..••.... , •. • .• 

THIV Ikmlh) ............. . 

100.5 
20.4 

39.9 
22.7 

7 .2 
4 .4 
25.0 

Rtdedown Accelerationa Cg'st 
x-direlction •...•. , , • . . • .. - 8.2 
v.clitection .............. - 8.2 

PHD Ig·.' ................ 10.9 
ASI .................... 0 .70 
Max. 0.050-, Average (g's) 

x-direction. , ... , .. , , .... -6.5 
v-direction. . . . . . . . . . . . .. -6.1 
z-direction . . . . . . • . . . . . .. 3.3 

~-"--. r?7i§-7", 
I "" I 1 I I • • . t --.:-':.1. ... 

rest Article Deflection. (mJ 
Dynemic .. .. .. .. .. .... 1.03 
Permanent .......•.•.. 0.18 

V.h1cJ. O.mage 
Exte,ior 

VDS ..••....... • .. ' 01FL3 
CDC ....• . ••. •. .. . ' 01FREW3 

Maximum Exterior 
Vehicle Crush (mm) •.•. 290 

Interior 
OCDI ......... RSOOOOOOQ 

Max. Occ. Compart. 
O.formation Imml nil 

Post-tmpac;t 8eha\'kN 
(during 1,0 s aftar impact) 
MIX. Yaw Aflgla {degl .. . . -46 
Max. Pitch Angle Idegl . . . . -8 
Mal(. Roll Angle (deg) . . . .. 18 

Figure 15. Summary of results for test 220546"10, NCHRP Report 350 test 3-35. 
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W-8eom End Section (See Detoil C) 
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Rounded W-Beom 
End Section 
(See Detail C) 
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Enc losure 3 

Table I. Lateral Post Offset for End Offsets of915, 1070 and 1220 mm 

Post Long. Distance End Offset 

No. (mm) 915mm 1070mm 1220mm 

1 0 915 1070 1220 

2 1905 565 705 850 

3 3810 300 420 540 

4 5080 170 270 375 

5 6350 75 150 240 

6 7620 20 70 135 

7 8890 0 20 60 

8 10160 0 15 

9 11430 0 

3 



December 18, 2000

Mr. Rodney A. Boyd Refer to : HSA-1/CC72
Trinity Industries, 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 staff, your consultant, Mr. James Albritton,
requested the Federal Highway Administration’s (FHWA) acceptance of a modified Slotted Rail
Terminal (SRT) as an National Cooperative Highway Research Program (NCHRP) Report 350 test
level 3 (TL-3) terminal for w-beam guardrail.  To support this request, he also sent the Texas
Transportation Institute (TTI) final report entitled “ Testing and Evaluation of the Linear SRT with Steel
HBA Posts,” dated November 2000, and copies of the test video tapes.  

The tested design consisted 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 steel Hinged Breakaway (HBA)
posts while the remaining posts were standard 1830-mm (6-foot) long CRT posts. The HBA posts
were modified slightly from the design accepted for use with the ET-2000 terminal. 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) steel
stub posts, and two parallel ground struts between post no. 1 and post no. 2.  To prevent premature
failure of the end post in a downstream hit, the rail to post attachment hole at post no. 1 was slotted to
the end of the beam element.  Enclosure 1 shows these and other design details.

You 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 km/h and at a 15 degree
angle, was conducted when the HBA posts were developed and tested with the tangent ET-2000. 
Satisfactory performance with these similar 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 as test 3-32, can also be
waived.  Test 3-34, a 20 degree impact at post no. 2 with the small car,  was conducted under earlier
tests of the original SRT design which has a more critical parabolic flare, rather than the straight flare of
the linear SRT.  

The design that you actually tested used four CRT posts.  In reviewing the tests, all of which met
Report 350 evaluation criteria, it was noted that the use of a standard line post at post no. 7 contributed
to a relatively high roll angle in test 3-31 and to a higher than expected pitch angle in test 3-35.  These
results can be directly related to the vehicle striking post no 7 in both tests.  After discussions between
Mr. Richard Powers of my staff and Mr. Albritten, you agreed to specify a fifth CRT post at 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 results of test 3-35, the beginning length-of-need of the linear SRT is at post no. 3,
approximately 3.8 m (12.5 feet) from the end.

Considering the above, the modified linear SRT terminal with an offset of 1.2 m (4 feet), two steel HBA
posts, and five CRT posts may be considered acceptable for use on the National Highway System as a
TL-3 w-beam terminal when such use is requested by a State or local transportation agency.  As with
all gating, non-energy absorbing terminals, it should not be used in locations where there is inadequate
run out distance immediately behind and parallel to the railing itself. Based on the final position of the
pickup truck in test 3-31, approximately 53 m (175 feet) of barrier proper should be used in advance
of a fixed object hazard when a non-energy absorbing design like the SRT is used to terminate the
barrier.

Sincerely yours,

(original signed by Rudolph M. Umbs)
    for

Frederick G. Wright, Jr.
Program Manager, Safety

2 Enclosures
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APPENDIX E – SKT APPROVAL LETTERS

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

http://safety.fhwa.dot.gov/fourthlevel/hardware/term_cush.htm



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 a 50:1 flare.  Its
major components include a 3.81-m w-beam rail section (modified by punching three 102-mm x
12.6-mm long slots in 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 a traffic 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 km/h, 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., at post number 2 for the SKT-350.  Test 3-39 is a 100 km/h, 20 degree impact with a  2000-
kg pickup truck at the mid-point of the terminal in a reverse direction.  You stated that both tests
were run previously 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 terminal
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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TABLE I. SUMMARY OF CRASH TEST RESULTS 

Actual Impact 
Occupant Risk 

Conditions 
Test Test Designation 

Comments Assessnlcnl 
No. and Description Speed Angle OIV (m/s) RA (g 's) 

(kmJh) (Deg.) Long. La!. Lon~ . La!. 

SUD-I Test 3-35 - Pickup 99.8 20.0 5.7 1.7 -4.2 8.4 Maximum deflection ~ O.S m (31.5 in .). rASS 
truck redirection. (62.0 mph) Length of contact ~ 7.6 m (24 .9 Il). 

Posts 3 through S fractured. 

SUD-2 Test 3-31 - Pickup 100.1 0 4 .3 2 .0 -2 1.4 -16 .3 Delonned bumper blocked exit of kinked rail and FAIL 
truck end-on. (62 .2 mph) limited kinking to approx. 1.3 m (4 Ii). Posts I 

through 7 broken off. Test judged unsatisfactory 
due to I!xccssive long. ridedown acceh::ralion. 

SUD-3 Test 3-3 I - Pickup 100.1 0 5.9 1.5 -7.6 5.4 Repeat of test SBD-2 with modified impact head. .. ASS 
ll"UI.:K t:IlU-UIl. (62 .2 mph) Posts i lnrough 9 broken off. Approx. J) m po 

Il) of rail fed through impact head. 

SBD-4 Test 3-30 - Small 9S.5 0 6.4 3.6 -5 .6 3.9 Actual poinl of impact on front of vehicle was I'ASS 
car end-on. (61.2 mph) offset 584 mm (23 in.) instead of the nominal 

381 mm (15 in .). Posts I through 4 broken off 
and approx . 4.5 m (15 fi) of the rail red through 
impact head prior to the vchide ex iling. Vehicle 
yawed clockwise a total of360 degrees . 

SBD-5 Test 3-32 - Small 100.1 15.0 7.4 \.') -9.6 -3. 1 POSIS I through 3 broken oil with approx. 2 .5 m PASS 
car end-on at an (62 .2 mph) (S It) of ra il red through impact head. Vehicle 
anglo. 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 I through 3 broken olfwith approx. 1.5 m .. ASS 
truck end-on at an (62 .2 mph) (5 It) 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 

SKT-350 
~o. Of New 1.9 m (6 ft) No. of PTE05 Foundation 

No. of CRT 
Design Options 

Long, 3.2 mm (118 in.) Tubes with PLS03 Soil 
Posts 

Thick Foundation Tube, Plates 

A 2 0 6 

B 2 2 4 

C 2 6 0 

D 0 4 4 

C 0 8 0 



US DepartmenT 
of Transportation 

Fed&rol Hlgl\way 
Adminl.lrollon 

YJr. Kaddo Kodumllln 
President 
ROAD S1'S rEM::', 1",('. 
P.o.l:l,n ~163 
Big Spring. Texa, 79721 

Dear />.-1[. KOlhmann: 

1~99 

':,0 (;(.,e," S· S'ii 
.'''°''1100 DC ,l'''"'' 

Refer (0: 1 !J\.U1S-CC61 

In your July 30 letter. you requested the Federai Highway Administration's (FHWA) acceptance 
of a steel breakaway p",1 as an alternative to the weakened timher pO.'lS that are currently used in 
your SKT_150 and fLEA T-150 w-hearn guardrail terminals, These breakaway posts are 
comprised of a lower stuh post connected to an upper post by splice plates weide<! to the flanges 
urlh~ stub post along the bottom and sides ofthe plates and connected In the llpper post v.ith 
two 3J-mm diameter plug welds, This design causes the plug welds to yield at relatively low 
loads when the posts are .<truck head on and the v.elds are loaded in IOr~ion, but the connection 
~an ,uSlain loads as high as 89 KN when loaded laterally in shear, Enclosure I shov.s the 
breakaway end posts. the breakaway line po.,ts. and the splice weld derails, All other feature, of 
the SKT-.150 and the fLEA T-350 remain unchanged from the original designs, 

To ,nov. that the steel breakaway posts functione<! a' desired, you ran three tests on the 
alternative design, and provided me "ith copies of the te,1 reports for staff review, Summaries of 
each of the teslS are ,hown in t.nclosl1l'c 2, 

We belie,,, that the tests you ran satisla~toriJy d"monstrate lllatthe steel breakaway posts are an 
acceptable alternative to the original wood post d",igns for the SK 1'-350 and the FLEA T-350 and 
may he used as such on the l','atiunal Highway System when requested hy a transportation agency, 

Sin~erdy yams, 

Dwighl A Home 
Directc,r. Offiee ot'Highway Safiety Inrrastructure 



Figure 9. Steel Breakaway End Post 
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February 4, 2000

Dean L. Sicking, Ph.D, P.E. HMHS-CC40A
Director, Midwest Roadside Safety Facility
University of Nebraska - Lincoln
W348 Nebraska Hall
P.O. Box 880531
Lincoln, NE 68588-0531

Dear Dr. Sicking:

Your January 21 letter to Mr. Richard Powers of my staff requested formal Federal Highway
Administration acceptance of a modified Sequential Kinking Terminal (SKT) at NCHRP Report 350
test level 2 (TL-2).  The original SKT-350 was accepted as a test level 3 (TL-3) w-beam terminal in
my April 2, 1997, letter to Mr. Kaddo Kothmann.

As stated in your request, the only 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
eight breakaway posts, the TL-2 design has only five breakaway posts, the last three 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.  When the original SKT-350 was impacted head-on at 100 km/h
with an 820-kg car, less than 7600 mm of rail was extruded.  Since the modified design will allow this
much w-beam rail to be extruded before a vehicle reaches the non-breakaway line posts, the proposed
TL-2 design actually meets TL-3 evaluation criteria for this particular test.  In the 100 km/h, head-on
pickup truck test, the SKT-350 extruded approximately 15.25 m of rail.  You stated that the SKT-350
absorbs energy at a relatively constant rate.  Therefore, at the TL-2 impact speed of 70 km/h, slightly
less than half of the impact energy would result in about half of that amount of rail being deformed. 
Again, this would result in the truck coming to a stop prior to reaching the standard line posts.  Based
on the results of the redirection test with the pickup truck that was conducted on the flared TL-2
FLEAT terminal, we also conclude that this test can be waived for the tangent TL-2 SKT-350.

Based on the above, we consider the modified SKT-350, as described above, to be acceptable for use
on the National Highway System as a TL-2 terminal when such use is requested by a transportation
agency.  Users should be advised that, as with all test level 2 terminals, the TL-2 SKT-350 is most
appropriate for use at locations where operating speeds are expected to be at or below the TL-2 speed
of 70km/h.

Sincerely yours, 

(original signed by Dwight A. Horne)

Director, Office of Highway Safety Infrastructure
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APPENDIX F – FLEAT APPROVAL LETTERS

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

http://safety.fhwa.dot.gov/fourthlevel/hardware/term_cush.htm



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.  Its 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
along the rail.  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 total 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 seen in test 3-31 re-emphasizes the need for a clear, relatively traversable runout area
behind all guardrail terminals.
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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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these mfLlerlalt'l must occur In th ~ 
United StAtes. 

(2) The Stale haA standard contract 
provl!llolU thRl require the usc of do
mestic materials And products. Indud· 
Inl steel maLerlals. to the same or 
IIJreaLer extent L8 the provisions set 
forth In this section. 

I]) The State eleclB to Include alter
n.lf~ bid pro'o'18101\8 for foreign and do
mestic steel materls.ls which comply 
with the following reQulremenls . Any 
procedure tor obtaining alternate bid., 
bued on tumlshlna: (ore lgn stee l ma
t.erlals which 13 acceptable to the Divi 
sion AdmlnlBlraLor may be used. The 
contract provl81ons mU3l (i) requ ire all 
bidden to submit a bid bMed on fur 
nlshlnK domestic steel materials, B.nd 
(til clearly slate that. the contract will 
he awarded to the bidder who 6ubmlls 
the loweat Lolal bid based on furnish 
Ing domeellc steel materials unleS8 
,uch total bid exceed! t he lowe6t total 
bid balled on furnish In, 'orelin steel 
materll.ls by more than 25 percent. 

(4) When stee l materials are used In 
" project, the reQulremeJlll:i or this sec
tion do not prevent a minimal use of 
!~re!~ !tee! rr:~te:-!:;!,!~. !! the :::~t c! 
such materla1.8 used does not e xceed 
one-tenth of one vercent «0.1 pe rcent) 
of the total contract cost or $2.500. 
whichever ls Kreater. For purposes 0' 
thla pa:raa:raph, the coat lB that shown 
to be the value of the aleel prodUCla aa 
they are dellvered La the project. 

(cHll A State may reQuest a. waiver 
of the provlllolU of thls sectlon If; 

(I) The app)lcaUon of thoee provl· 
,Iona would be IncoruJlstent with the 
public interest; or 

(In Stal matertala/products are not 
produced In the UnIted States In Burri · 
clent and reuonably available QuanU· 
ties which ue ot a satisfactory Qua.llty . 

(2) A request for waiver. accompa· 
nled by .upportLna: Infonnatlon. muat 
be- submitted in wrlUnK to the Relllon · 
aI ~eraJ Hllhway Administrator 
(RFHWA) throulh the FHWA Dlvl· 
• lon Admlnlatrator_ A request must be 
.ubmJtted 8u!tlclenlly In advance ot 
tht need tor the waiver In order to 
aJle.w time for proper review and 
.etlon on the request. The RFHWA 
wtil have approval authority on the reo 
(JUNt. 

23 CFIl Ch.1 ( .... 1-93 Edition) 

(3) ReQuesl.8 for wa.lvers mllY be 
made for spectHc projects, o r for cer
tain m alerlals or produC'18 In specific 
geographJc area.'>, or fo r comblnat.lons 
of both, depending on the circum
stances. 

(4) The denial of the request by the 
RFHWA may be IiPpealed by the 
State to the Federal Highway Admin
Islrator (Administrator). whose action 
on the reQuest shall be considered ad
mlnlst raUvely final. 

(S ) A request for a waiver which In
volves nationwide pllbllc Interest or 
availability Issues o r more than one 
FHWA re"lon may be submitted by 
the RFHW A to the Administrator fo r 
action. 

(6) A reques t for waive r and an 
appeal from a denial 01 a reQuest must 
Include (acta and Jua tlUcatlon to SUI>
port the granting of the waiver. The 
FHW A response to a reQuest or appeal 
will be in wrlttn" and made available 
to the pubJic upon request. Any re
quesl for a nationwide waiver and 
FIIWA's acUon on such a reQuesl may 
be pubUshed In the FBDmu RrxH8TER 
lor public comment. 

('I) In <tetennlnhlK whether the waiv
ers described In paraa:raph (c)(l) of 
thlB section will be granted. the 
FllWA will cOnBlder all appropriate 
factors Including. but not Ilmlted to. 
coat, &dmlnlalraUve burden, a.nd delay 
that would be Impol'led " the I>rovlalon 
were not waived, 

<d) Bt&ndard Stalt~ &nd FederaJ-ald 
contract procedurea may be use<I to 
&Mure compliance with the require
ments of thla section. 

(:13 U .S_C_ 3a, AeC. 10 0' Pub. L. N-:l2tiI . 88 
Blat. 65, sec. 18501 Pub. L. 91 · 424, " St.&l. 
2138 &nd 49 Clo'R l.i8(bl) 

U8 FR 53104_ Nov_ 26, Ig83, all Amended at 
.9 F'R 18821 , Nay 3. IV841 

A 635.411 M.teri.1 or produd .f:I~tlon . 

(a) Federal funda shall not partici
pate, directly or Indirectly, in payment 
tor any premium or royally on any 
Datented or proprietary material, llpec
"!cation, or orocesa 8peclflca.lly set 
torth In the plall8 and speclticatlona 
for a project. unlel'lll: 

( 1) Buch patented or proprlrt.&ry 
Item i3 purchued or obtained throurh 
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competitive blddlra with ~ua.Jly sulta· 
ble unpatented ltemJI; or 

(2) The Stale hllhway agency certl 
flea either that 8uch oalented or pro · 
prletary ItE'.m la eaaenUal for synchro· 
nization with e :lllsUns h1a:hwa..y laclll· 
tlea, or that no equally 8ultable &lter· 
nale exists; or 

(3 ) Such patr.nte<l or proprietary 
Item Ls uaed for research or for a dis· 
tinctlve type 0' constnlcUon on rela
tively ahort sections at road for experi
mental purposes. 

(b) When there is available lor pur· 
chase more than one nonpatented. 
nonproprietary material, semlftnlshed 
or flnlshed article or product that will 
tullm the r~Qulrement.a tor an Item ot 
work o f a project a.nd these availa.ble 
materials or products are Judl!l:ed to be 
ot satlBfactory Quality and eQually ac · 
ceptable on the ba.s!s of enilneerin" 
&nalyala &nd the lUlticlpated prices for 
the related Item(s ) ot work ue estl
mat.ed to be approximately the aame, 
the PS&E lor the project shall either 
conta.ln or Include by rererence ttl(! 
8Peclflcatlona for each such maLerlal 
or product that Is COJ"Ulldered accepta
ble lor Incorporation In the work.. If 
the Slate hl.hway aaency wLahea to 
8uballtute some other acceptable ma
terial or product for the material or 
product de81~.led by the sUccesBrul 
bidder or btd IJJ the lowest &ltemate. 
ILlld such subetitulion result. In an In
crease In coata, there will not be Feder· 
IIJ-ald p&rticlpatlon in any mcreaae In 
000"'. 

(c) A State hlahway aaency may re
Quire a specific material or product 
when there are other acceptabie mate· 
rlala and products, when _ueh .pec:1J'lc 
choice IA approved by the Dh1aion Ad· 
m InilltraLar u helnl In the · public 10-
tereat_ When the Dlvtalon Admin.tra
lor's approval 18 not obtained, the Item 
will be nonpartlclpatinl unleu blddtna: 
procedur~ are wsed that estabUsh th~ 
unit price of each acceptable altema.· 
lIve_ In thls case Federal-aid partlcJpa
LIon will be based on the lowest price 
110 established_ 

(d) ApJWodlx A aet..& fort.h the 
FHWA requlremenla regarding (1) the 
l!lpeciflcalion or alternative lypes ot 
culvert pipes, a.nd (2) the number and 
typell of such &llemaUveH whkh must 

§ 635.411 

be Hl 'orth In the .peclllcal101lll for 
vartoua types of draJnaae InatallaLlona. 

(e) Reference In speclf1c:aUolU and 
on plana to sinK Ie trade name materi
als will no l be approved on ~der&) . ald 
contracta. 

II &35,413 Guan.nty and ""an-ant, ct.UIIeL 

(a) Except .. provided In PllTql"&ph 
(b) of thls stetlon, clauses that r-eQulre 
the contractor to 11ULrlLlltee or war
rant malerlala Il1d workm&..n.IJhlp or to 
olherwt8e maintain the work for .. 
specUled period af ter Ita satl.llf&ctory 
completion by the contractor and Ita 
HnaJ a.cceplance by the Slate, wUl not 
be approved for uae In Federal-aid con
tracts. Work perfonned and mateoa.l8 
replaced under 8uch guaranty or WILr
ranty ClaUBe8 af~r- IInal a.ccept.a.nce or 
work are not ellilble for Federal pu
UclpaUon. 

(b) Contracl.ll which Involve lumL8h· 
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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 a layout with a 1219 mm offset at the end of the terminal.  To support your request, you sent
us a copy of a July 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," a video 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
a straight taper over its entire 11.4 m length and that standard line posts start at the beginning of
this flare 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 all gating end treatments,  a reasonably traversable runout area is
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 guardrail
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-TL2)” and a video tape of the additional test that was run
to verify acceptable performance of the modified design.

As noted 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 is only 7.62-m long, but with the same flare rates as the TL-3 design.  Thus, the end off
sets for the TL-2 FLEAT will range from 508 mm to 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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US DepartmenT 
of Transportation 

Fed&rol Hlgl\way 
Adminl.lrollon 

YJr. Kaddo Kodumllln 
President 
ROAD S1'S rEM::', 1",('. 
P.o.l:l,n ~163 
Big Spring. Texa, 79721 

Dear />.-1[. KOlhmann: 

1~99 

':,0 (;(.,e," S· S'ii 
.'''°''1100 DC ,l'''"'' 

Refer (0: 1 !J\.U1S-CC61 

In your July 30 letter. you requested the Federai Highway Administration's (FHWA) acceptance 
of a steel breakaway p",1 as an alternative to the weakened timher pO.'lS that are currently used in 
your SKT_150 and fLEA T-150 w-hearn guardrail terminals, These breakaway posts are 
comprised of a lower stuh post connected to an upper post by splice plates weide<! to the flanges 
urlh~ stub post along the bottom and sides ofthe plates and connected In the llpper post v.ith 
two 3J-mm diameter plug welds, This design causes the plug welds to yield at relatively low 
loads when the posts are .<truck head on and the v.elds are loaded in IOr~ion, but the connection 
~an ,uSlain loads as high as 89 KN when loaded laterally in shear, Enclosure I shov.s the 
breakaway end posts. the breakaway line po.,ts. and the splice weld derails, All other feature, of 
the SKT-.150 and the fLEA T-350 remain unchanged from the original designs, 

To ,nov. that the steel breakaway posts functione<! a' desired, you ran three tests on the 
alternative design, and provided me "ith copies of the te,1 reports for staff review, Summaries of 
each of the teslS are ,hown in t.nclosl1l'c 2, 

We belie,,, that the tests you ran satisla~toriJy d"monstrate lllatthe steel breakaway posts are an 
acceptable alternative to the original wood post d",igns for the SK 1'-350 and the FLEA T-350 and 
may he used as such on the l','atiunal Highway System when requested hy a transportation agency, 

Sin~erdy yams, 

Dwighl A Home 
Directc,r. Offiee ot'Highway Safiety Inrrastructure 
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June 1, 2001

HSA-CC46C
Mr. Kaddo Kothmann
President
Road Systems, Inc.
1507 E. 4th 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
breakaway 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 terminal 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
steel 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 4th St. 
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 were run at Southwest Research Institute to verify its compliance with current evaluation 
criteria.  You also included a videotape of the tests that were conducted.  Mr. Richard Powers of my 
staff received single copies of the final reports, entitled “FULL-SCALE CRASH EVALUATION of a 
FLEAT MEDIAN TERMINAL SYSTEM”, TESTS FMT-1, FMT-2, and FMT-3M on August 22. 
 
As seen in Enclosure 1, the FLEAT-MT is nearly identical to the previously accepted FLEAT 
roadside terminal.  Since its intended use is to terminate a double-faced, strong post w-beam median 
barrier, two impact heads are required.  One of these is at 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 
the traffic-side rail element 5717 mm ahead of the first and is offset 610 mm from the face of the 
median barrier proper in a straight flare.  Minor modifications were made to the design to obtain 
satisfactory results in the reverse direction impact described below.  
 
Based on the similarity of the FLEAT-MT to the roadside FLEAT design and layout, you reviewed 
the tests upon which acceptance of the FLEAT was based and concluded that only three additional 
tests would be required to certify the median terminal under NCHRP Report 350.  My staff 
concurred with your analysis.  The first test conducted was NCHRP Report 350 test 3-35, the 2000-
kg pickup truck redirection test.  The truck impacted the terminal 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.  This result was discussed with 
your consultant, Dr. Dean Sicking, and it was decided to make post 7 a breakaway design to improve 
test performance.  This change is not 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.  The truck was brought to a controlled stop in approximately 10 m, with 6.8 m 
of the front rail and 1.9 m of the back rail being extruded.  Occupant impact velocity was 5.6 m/sec 
and the subsequent ridedown acceleration was 12.9 g’s. 
 
The final test was NCHRP Report 350 test 3-39, the reverse-direction impact that is required for 
devices such as median barrier terminals that are likely to be struck from either direction.  When 
this test was first 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 the information you presented, I agree that the FLEAT-MT, as shown in Enclosure 1, 
meets the NCHRP Report 350 evaluation criteria for a test level 3 (TL-3) terminal and may be used 
on the National Highway System (NHS) to terminate a w-beam median barrier when such use is 
accepted or specified by the appropriate contracting agency.  As a proprietary product, the 
conditions listed in Title 23, Code of Federal Regulations, Section 435.411 apply to its use on Federal-
aid projects located on the NHS. 
 
     Sincerely yours,  
    (original signed by Rudolph M. Umbs) 
     Frederick G. Wright, Jr. 
     Program Manager, Safety 
 
Enclosure 
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APPENDIX G – WYBET APPROVAL LETTERS

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

http://safety.fhwa.dot.gov/fourthlevel/hardware/term_cush.htm



u S D~p.:" l[fler,1 
ofTronsoorto'.Qf1 

Federal HlghWtlY 
AdministratIOn 

:>..11 Kmg K Mak 
R~,ear~h Iongit1ccl 
~afcty & Structural ~y,tem' Dlvls'ion 
I exa, Tmnspurtalton lnstllUl~ 

Coile".e StatIon, IX 77841.11.1'5 

Ikor \1r .\1ak· 

.100 ,,',e"'" S, S w 
""'" ',g"" 0: i~ 09''> 

Rder to lIMHS-('('6U 

In your J"I, 19 Idter to me, fUU ft'que,loo thc F~deral Highway AdmmL<tratilln' > (FH\.\' A) 
acceptance of WYUTillJl~" box-beam guardrail and mcdlaJl barrier ~nd tCiJTlmal,. called the 
W YIlET· , 'iii and the WYBET -3 '0 (MB). t csp"cll\ elv, as l\atlOTlal (" ()operati, C Highway 
Re,eHrch Progralll (NCHRP) Report 350 test lc,el , (lL-J) de"g"s The original des'gns had 
hnth been accepted previously under l\CHRP Report 2."l0 cvaluallon criteria Io ,uppon your 
reque,!, ,ou ili>o ,en! 1"0 copi", of the I c~as T ran'portation Institute repon c"litl~d "NC I IR P 
RI'PORl 350 f'\'ALU/\ 1 ION Of THE WYOMING BOX-HLAM E:--O rERMlr-;t\I. 
(\\' Yll EI -3 50) , dated Ju,,~ 199'), and "deotape copies of" tile ~ra,h tests that were run 
Summar,,·, of"these te,rs ilr" ,huwn as Enclosur" 1 I e,t ,·1<; W"' run on both the guardraIl and 
H,~dlan barrier lerminal designs 

'1 he original \VYBb. r deSIgns cO[\'L<ted 01 ao llrpact head. outer und mnef Iteel tube, contalnlJlg 
encTgy ab,orhlllg libergla,~iepoxy eompmitc luhe'. and an end anchorage a"emhly Both Report 
350 dcsit\rtl "fe ,im,lar HI d~."gn to The Report ~.11) ver;]on,> but havc SOm~ imponan! drll"rence' 
[Ilci",ure 2 list, all of the dcsign change,. the IT o,t 'ignilicaJit one being hem I 2. the inc, ca,~d 
ICligth of the <;tage 1 compOSite tlJb~ and the CO]T~,ponding dec,ca,~ in thc length of the STagc 2 
,uk 1 ilL< change,,", needed \0 m~d the paSS(llg~r ridedown accderahnn ]I! lest .1_ 3() Bccau:;~ 

The cru,h fnrce chamctffi,tl~, of the comp""te lubes are mhcalto proper impact p~rl('rmance 01" 
the \\'YBET-350 tennmal. your test Rcpon recommcnd, that a "rigorOll' quality com",l and 
acceptance/reJec!i(lIl pI oc~dure he Institllted by (thc manufactured and th~ .,tate Depa, tment, of 
I ran'ro<tattun to ensure that the compo,i!e tube, used in lield i",tallation:; are within the 
,pecltic~tlom;' I 'trongJy ~ndn"e this recommtndation EncI'l>ure 3 show\ the gennal de,ig" 
and Lt, out ot the \VY ilL T . 150 and the \\' YBE 1-3 51) (Mil) (ornplete drawing, are availablc 
Ijom r.lr W<lliam B W<I.,on. Wyoming DOr Standard, I-ngincc,. al (307) 777.4216 0" via e·ma<l 

at ~\' <I",,, !!,mi",· "ak "1 '" 



"lemoer< of my staff have reviewed tlie matmal you have <ubrmtled and agree that the ViY H~, I -
350 and the \Ii Y H~, 1"-150 (M H j, as tcsted. saliS I)' tile evaillation Cr ile"a , ITlJrnmended m R~pon 

]'iO 1(>1 a TL-3 tenninal blher de'ign may he lI'<Cd on the i\arional Iligh"'ay System when ,uch 
usc is ,c'IU{"teJ by th~ app"'pnate trampmtation agency I understand tna> Ihes<: designs are 
cons'dered propncra, y (nccpt in Wyoming) s(' the,r me (m t ederal-atd project<, exccpt exempt 
non-~IIS prc>Je<:ts, is subJccl 10 Ilic cundihon, li'led m rill~ 23, Cod~ or reJeral Re~~lIlalL()n'. 
SectlOn (,35 411 Please call Mr R'chald POWel, at (202) 366-1,\20 should you have any 
~ue,n()n' 

DWlgnt A llorne 
Director, Office of Highway Safety Infrastructure 

1 Fnciusure, 



I.Ci General Information 
I.Ci Test Agency ..... . .... .. . 

Test No . ... . .. . ..... .. . . 
Date ... . ..... . . . . . . . .. . 

Test Article 
Type . . . . . ......... . ... . 
Name or Manufacturer .... . 
Installation Length (m) .... . 
Material or Key Elements .. . 

5011 Type and Condition .... 
Test Vehicle 

Type . .. . .... . ...... . .. . 
Designation . .... . .... .. . 
Model " " " .. .... .... " 
Mass (kg) 

Curb . .. .. ..... . .. . .. . 
Test In~rtial .. . ....... . 
Dummy . . . . . .... . . . . . 
Gross Static ..... . ... . . 

Texas Transportation Institute 
473160-10 
02115/99 

Terminal 
WyBET-350 
55.1 
Tubular Steel Rail Elements on 
Steel posts 
Standard soil, dry 

Production 
820C 
1994 Geo Metro 

763 
820 

76 
896 
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(Sl AHDAIID \lYlE! "ICilT ~D INSlAllATUJ" St(J\IN KII( - C{JtC{P IS APPlY TO AlL "lifTS) 

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

Exit Conditions 
Speed (km/h) . . .. .. . . .. ..... . 
Angle (deg) ........... .. . . :. 

Occupant Risk Values 
Impact Velocity (m/s) 

x-direction . . ... .. .. . ..... . 
y-direction . . ............. . 

THIV (km/h) . . .. . ... . .. . ... . 
Ridedown Accelerations (g's) 

x-direction . ........ . ..... . 
y-direction . .. .. ... . ...... . 

PHD (9's) .... . .......... . .. . 
ASI . . ... .. . . ... ,' . .. . ... . . . 
Max. 0.050-s Average (g's) 

x-direction .. . ...... .. ... . . 
y-direction .... .. . ........ . 
z-direction .. . ... . ........ . 

98.7 
o 

14.9 
98.7 

10.9 

-.:::' .. 

No Contact 
38.9 

-12.0 
No Contact 
12.1 

1.17 

-14.0 
3.3 
4.3 

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

Vehicle Damage 
Exterior 

VDS . .. . ...... . .. . .•.. 
CDC .......... . ...... . 

Maximum Exterior 
Vehicle Crush (mm) . . . . . . 

Interior 
OCDI .... .. ........ . . . 

Max. Occ. Compart. 
Deformation (mm) ...... . 

Post-Impact Behavior 
(during 1.0 s after impact) 
Max. Yaw Angle (deg) . . .. : . 
Max. Pitch Angle (de9) .. . . . . 
Max. Roll Angle (deg) . .. . . . . 

Figure 59. Summary of results for test 473160-10, NCHRP Report 350 test 3-30. 
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0\ General Information 
0\ Test Agency. . . . . . . . . . . . . . Texas Transportation Institute 

Test No ..... . .... . .. .. .. . 473160-3 
Date . . . . . . . . . . . . . . . . . . .. 03/12198 

Test Article 
Type . ... ...... ... ..... . End Treatment 
Name . ... .. . . ... .. ...... WYBET-350 
Installation Length (m) . . . . .. 55.1 
Material or Key Elements .... Tubular Steel Rail Elements on 

Steel posts 
Soli Type and Condition ... . .. Standard Soil, Dry 
Test Vehicle 

Type .. . . .... . . .. . ... . . . Production 
Designation ... ....... ... . 2000P 
Model . . . . . . . . . . . . . . . . . .. 1993 GMC 2500 pickup truck 
Mass (kg) Curb . . . . . . . . . . . 1864 

Test Inertial ... .. 2000 
Dummy . . .. .... , No dummy 
Gross Static . .... 2000 

&JNUIR~IL 

PAT liMns 

\= ' . 

.... TII(IPAYLJNII 
IINQuI)[SC()f(cr1{H 
10 {iIJoIIRDRA!U 

B(GlN L(t(,IH ----, 'oIYII( I Pl!OVJOCS 10 1'1 
1TH((£)(1lP) I ITl(NGIHCTI£(D 

IVP!CAL PLAN V)C", or 'WyBU 
(STANDARD \lYII(1 RIGIIT HAND !HS1Al. I.AT!~ SH()VN K;l!r • (~C[I'IS APPI rIO All \lrKTS) 

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

Exit Conditions 
Speed (km/h) ..... ..... ... . . 
Angle (deg) . . .. . . .. ... . ... . 

Occupant Risk Values 
Impact Velocity (m/s) 

x-direction . ......... . ... . 
y-direction . .. . . .. . . .. .... . 

THIV (km/h) . .. .. ....... . . . 
Ridedown Accelerations (g's) 

. x-direction . .. ........... . 
y-direction ... .. ....... .. . 

PHD (g's) . ... ...... . . .... . 
ASI ..... . . .. ........... . . 
Max. 0.050-s Average (g's) 

x-direction .. . .. .... . . ... . 
y-direction ... . .......... . 
z-direction ........ . .... . . 

102.5 
0 

6.9 
24.0 

9.5 
2.3 

39.6 

-15.9 
-2.9 
15.9 
1.20 

-14.7 
-1.9 
4.4 

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

Vehicle Damage 
Exterior 

VDS . .. ........ 
CDC ... ...... . ..... . .. 

Maximum Exterior 
Vehicle Crush (mm) 

Interior 
OCDI ..... . ... .... . ... 

Max. Occ. Com part. 
Deformation (mm) , ... . .. 

Post-Impact Behavior 
(during 1.0 s after impact) 
Max. Yaw Angle (deg) ..... 
Max. Pitch Angle (deg) . .... . 
Max. Roll Angle (deg) . . . .... 

Figure 34. Summary of results for test 473160-3, NCHRP Report 350 test 3-31. 
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+>- General Information 
w Test Agency ........ . ... . 

Test No ..... .. . .. .. . .. . . 
Date .. . . .. .. . .. . . .... .. . 

Test Article 
Type . . . . .. . .. .. .. .. ... . 
Name or Manufacturer . ... . 
Installation Length (m) .... . 
Material or Key Elements .. . 

Soli Type and Condition .... 
Test Vehicle 

Type . . . . .. .. .. .. . . . .. . . 
Designation . .. . •. .... ... 
Model . .. ... .. .. . ...... . . 
Mass (kg) 

Curb .. . ....... . ..... . 
Test Inertial ...... . ... . 
Dummy ..... ... . .. .. . 
Gross Static ...... . ... . 

Texas Transportation Institute 
473160-1 
03/04/98 

End Treatment 
WYBET-350 
55.1 
Tubular Steel Rail Elements on 
Steel Posts 
Standard soi l, Dry 

Production 
820C 
1993 Ford Festiva 

846 
820 

75 
895 

0.171 s 0.489 s 
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Impact Conditions 
Speed (kmlh) ... . ..... . . .. .. . 
Angle (deg) . . . . . .. . . . .. .... . 

Exit Conditions 
Speed (km/h) .. .. ...... .. . . . . 
Angle (deg) .. .... . .. . ...... . 

Occupant Risk Values 
Impact Velocity (m/s) 

x-direction ............... . 
THIV (km/h) ... ... . .. ... .. . . 
Ridedown Accelerations (g's) 

x-direction ... . .. . . . . . .. .. . 
y-direction . .... .. ........ . 

PHD (g's) ... . ............ .. . 
ASI . ..... ...... ...... ... . . 
Max. 0.050-s Average (g's) 

x-direction ...... .. . .... .. . 
y-direction .... . . .... . .... . 
z-direction .... . . . . ....... . 

99.5 
14.7 

8.7 
22.3 

10.3 
37.0 

-9.7 
4.5 
9.9 
1.3 

-15.2 
2.5 
2.4 

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

Vehicle Damage 
Exterior 

VDS ... ..... .. ... ..• . . 
CDC . ....... . ....... . . 

Maximum Exterior 
Vehicle Crush (mm) ...... 

Interior 
DCDI . . . .... , ..... . . .. 

Max. Dcc. Compart. 
Deformation (mm) . . . . . . . 

Post-Impact Behavior 
(during 1.0 s after impact) 
Max. Yaw Angle (deg) . ... . . 
Max. Pitch Angle (deg) .. . . .. 
Max. Roll Angle (deg) .. . . .. . 

Figure 16. Summary of results for test 473160-1, NCHRP Report 350 test 3-32. 
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...... General Information 
o Test Agency ....... .. . . . . 
\0 Test No . . . . . ...... . . . . . . 

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

Type . . . . .............. . 
Name or Manufacturer ... . . 
Installation Length (m) .. . . . 
Material or Key Elements .. . 

Soli Type and Condition . . . . 
Test Vehicle 

Type ..... . .. . .. .•...... 
Designation .. ..... ... . . . 
Model ... . .. ..... • . . .... 
Mass (kg) 

Curb . . ... . .. . . . . . . .. . 
Test Inertial . ......... . 
Dummy ....... . . . . .. . 
Gross Static .. .. ..... . . 

Texas Transportation Institute 
473160-11 
03/05/99 

End Treatment 
WyBET-350 
55.1 
Tubular Steel Rail Elements on 
Steel posts 
Standard soil, dry 

Production 
2000P 
1994 Chevrolet 2500 pickup truck 

1845 
2000 
No Dummy 
2000 

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

Exit Conditions 
Speed (km/h) . .... . ... . ..•.. . 
Angle (deg) ...... . ... . . . . . . . 

Occupant Risk Values 
Impact Velocity (m/s) 

x -d i rection . .. . .... . . .. . . . . 
y-direction . .. .. . .... . . ... . 

THIV (km/h) . ............. . . 
Ridedown Accelerations (g's) 

x-direction ............... . 
. y-direction ...•. ... ... . . . .. 
PHD (g's) .. . ........... ... . . 
ASI .. .. . .. . .. . . . ....... . . . 
Max. 0.050-s Average (g's) 

x-direction . . ... . . . . . . . . . . . 
y-direction . . •.... . ... ... .. 
z-direction .. .. ........... . 

IiCGIN 1[J(,11j ----, .... 'Ill PIIlYlOCS II" 
(J~(Dllm IIJ"W-"H[J"I€HI 

~I 

TYPICAl PLAN YIC" or IJYID 
(StANDARD \lUll RIC"jil HAHD INSI-'lL"T1('f1 St(NN ~O( - C(JoIC(PTS APPLY 10 ALL \IlI(IS) 

Test Article Deflections (m) 
99.0 Dynamic .. . . . . .. .... . .... 2.85 
14.4 Permanent . . . .. . .. . ...... 1.65 

Vehicle Damllge 
62.2 Exterior 
17.4 VDS .. . . . . . .. .. .. ... .. 12FC2 

CDC .......... ... . ... . 12FDEW2 
Maximum Exterior 

7.0 Vehicle Crush (mm) . . .. . . 480 
No contact Interior 
25.1 OCDI ... . .. . . ... . .. . . . FSOOOOOOO 

Max. Occ. Com part. 
-5.8 Deformation (mm) . ... ... nil 
No contact Post-lmpact Behavior 
6.5 (during 1.0 s after impact) 
0.57 Max. Yaw Angle (deg) ...... -8 

Max. Pitch Angle (deg) . . . . . . -4 
-6.8 Max. Ro" Angle (deg) .... . .. 10 
2.2 

-1 .6 

Figure 67. Summary of results for test 473160-11, NCHRP Report 350 test 3-33. 
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General Information 
Test Agency . .. . .. . . ... .. 
Test No. 00.0 0 •• 0 " 0 0 • • • 0 

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

Type ... . . . .. . ... . .. .. .. 
Name or Manufacturer . .... 
Installation Length (m) •.• o. 
Material or Key Elements ... 

5011 Type and Condition ... . 
Test Vehicle 

Type ...... . .... .... . .. . 
Designation . . . . . . . . . . . . . 
Model . .. . . ... . . . ....... 
Mass (kg) 

Curb . .. • 0 • • • • • • • • • • • • 

Test Inertial •• • • 0 • 0 ' • ••• 

Dummy . . . . . . . . . . . . . . 
Gross Static • • • 0 • • • 0 • • • 

Impact Conditions Test Article Deflections (m) 
Texas Transportation Institute Speed (km/h) • 0 0 0 0 0 0 0 0 •• 0. 0 0 0 99.5 Dynamic ................. 
473160-2 Angle (deg) • • • 0 • 0 • 0 • • 0 • • 0 0 • • 20.2 Permanent . . . . . . . . . . . . . . . 
03/10/98 Exit Conditions Vehicle Damage 

Speed (kmlh) 0 0 .0.00.0. 0 ••• 00 69.4 Exterior 
End Treatment Angle (deg) 0. 0 00 •• 0 . 000. 0 0 0 0 1.9 VDS ....... .... . . . .. . . 
WYBET-350 Occupant Risk Values CDC ... . . . . ......... . . 
55.1 Impact Velocity (m/s) Maximum Exterior 
Tubular Steel Rail Elements on x-direction •••• 0.0 •• • 0 • ••• 0 4.1 Vehicle Crush (mm) ... . .. 
Steel posts y-direction • • • • • • • • • • • • • , 0 , 4.1 Interior 
Standard soil , Dry THIV (km/h) • • 0 • •• • ••• • • •• • • 16.7 OCDI .. . ... . .. . . ... . . . 

Ridedown Accelerations (g's) Max. bcc. Com part. 
Productio(l x-direction •••••••••• 0 ••••• -12.7 Deformation (mm) . . .. ... 
2000P v-direction . . . . .. . ......... -7.0 Post-Impact Behavior 
1992 Chevrolet 2500 pickup PHD (g's) . . . . . . . . . . . . . . . . . . . 21 .4 (during 1.0 s after impact) 

ASI . 0 • • • • •••••• • • • ••••• ••• 0.5 Max. Yaw Angle (deg) .0 •••• 

2078 Max. 0.050-s Average (g's) Max. Pitch Angle (deg) .... . . 
2000 x-direction • •• • 00 •• •••••••• -3.3 Max. Roll Angle (deg) . .. .. .. 
No dummy v-direction • • • 0.· .00 • • ••••• -4 .4 
2000 z-direction ............. . .. 2.2 

Figure 24. Summary of results for test 473160-2, NCHRP Report 350 test 3-35. 
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..... General Information 
N Test Agency . . ......... .. . 

Test No .... . .... . . . . .... . 
Date .... . ...•. .. ..... . . . 

Test Article 
Type ...... . ........ . . . . 
Name ............. . .. . . . 
Installation Length (m) .. . .. . 
Material or Key Elements . . . . 

Soli Type and Condition ..... . 
Test Vehicle 

Type ........ . . . .. . . . .. . 
Designation ...... ... .... . 
Model . . . .. . . .. . . .. . . . .. . 
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 
2060 
2000 
No dummy 
2000 

Impact Conditions 
Speed (km/h) . . . . . • . . . . . . . .. 1 00.1 ~, . 
Angle (deg) .... .. • .... . . . . . 20.5 

Exit Conditions 
Speed (km/h) . . . . . . . . . NlA 
Angle (deg) . . . . .. .. . .... . . . NlA 

Occupant Risk Values 
Impact Velocity (m/s) 

x-direction . .... . ....... . . 3.B 
y-direction . . .... .. .... . .. 3.1 

THIV (km/h) ... ... ... .. ... . 13.5 
Ridedown Accelerations (g's) 

x-direction ....... . . . ..... -4.4 
v-direction .. ...... . . .•. .. 6.7 

PHD (g's) ... . .. . ... . ...... B.2 
MI .......... , ...... . .... O~ 
Max. 0.050-s Average (g 's) 

x-direction . .. . ..... .. . . .. -2.3 
v-direction ... .. . . . ..... . . 4.0 
z-direction ...... .. .. . . ... 2.0 

Test Article Deflections (m) 
Dynamic . . . . . . . . . . . . . . . .. 1.61 
Permanent . ... . ..... .. . " 1.60 

Vehicle Damage 
Exterior 

VDS . .... . .... . ... .. . 01LFQ3 
CDC . . . . . . . . . . . . . . . . . . 01 LFEW2 

Maximum Exterior 
Vehicle Crush (mm) . . . . . . 220 

Interior 
OCDI .... .. ..... . ... .. FSOOOOOOO 

Max. Occ. Com part. 
Deformation (mm) ... . . .. 0 

Post-Impact Behavior 
(during 1.0 s after impact) 
Max. Yaw Angle (deg) .. . 26 
Max. Pitch Angle (deg) . . . . .. -3 
Max. Roll Angle (deg) . . . . . .. -24 

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



Tahle I, Summary of de·:ign modlflCa'';ons to WYRET, 

Ill'm U~'Cripll()n De<ign Mou,ficallon 

, Slotted hC'''tlg plale bllmmate the25mtllx6mm(lLn x 'i, HL.) 'pacer ,tr.Lp 
on top 

, P'pc ,Ieeve Ciwnge the length from 150rnrnto 1~()mm(6lTl, to 5- '" , n_) 

; GlOund I,ne 'InJi bol! Ch"ngc the lenglh from 250 mrn ( 1 () III ) 10 240 mrn (<)_ 112 
in ), 

" REaring plate "t1,lChIllC1l1 Change from 5 rnm x 50 nlTn (311 6 in_ x 2 tn,) la~ boll' to 
hardware Hid n~il, 

5 Wa.,her< @ , 2 wilshers at each boll orr the soLi nlatc, 

6 Head to 1""1 I ~the I t from I Ln) to IO() mIll (4 In_)_ 

0 I b-rnm Itl ) nut .. the small tJn1Shcd <\ul, with I -,. , 

6 End pO>1 (po,I!) Place the impnct head On top ot the end post [or th~ 
,houlder namer, ';nul." on unign to lhot of (h~ mcd,an 
harrin, 

0 Wood ,(rul Add the wond S!rutto Ihe end p'''t 01 Ille ,houldcr han ,e, 
v~"ion, ,;iIll,iar in de"gn to 1I",t uf (h~ IlldLan I\"rncr 
VE"""l, 

") TenSIl¢ COllllectOr AJd a brhdet at (he UpMre'llll end of the t~m;le conlw,'.,)T 
hr ,Kkc'l '" 

, of Ik ,101, 

" W,dth or cl1mpo'Jl~ tuhe IncrcJ,c (he w,uth of the ~omrO'J1C tuue C,LP' frum 75 mm 
CJp (3 Hl.) (0 100 rnm (4 irr) to minimize th~ po!cnlllLl for , ) , 

12 Lenglh, or comp",itc Inc, ea,c the lengtil of the ,luge I COm!,,"'le III b~ fWIll 
lUbl" IWIIl mm (6 tl) to 22QO ImiL 17-112 Tn "'HI reOllce Ih" 

length 01 the 'tage 2 CI\1Tlp",Jtc lu~e I,orr. l~('() mm (I) fl 

~encrgy 
Lll" ,I t I '" 'L. 



STANDARD 
WYBET 

GUARDRAIL Wl'BET PAY LIMITS 
PAY LIMITS (INClUDES CDNNECnDN 

TO GUARDRAIL) 

. "" 
~ 

OF NEED (TYP) OF LENGTli OF NEED 
BEGIN LENGTli I Wl'BET PROVIDES 10 m 

50 (SEE NOTE (j)) 
11 /ROADWAY 

SHOULOER 

TYPICAL PLAN VIEW OF WYBET 

..«.d 

~l~ O. 
M 
F 

EE NOTE (i) 
ECOMMENrlED 
6mTO 1.2m 
IN. OFFSET 

ROM SHOULDER 

(ST ANDAAD WYBET RIGHT HAND INST ALLA nON SHOWN HERE - CONCEPTS APPLY TO ALL WYBETS) 

12 RAIL 
SPLICE GAP 

/. STANDARD BOX 
BEAM SPLICE 

11 1830 Yf H 
~) POSTS () ~;..~:, 

d) 2 THRU 9) 
9 8 7 

T 50 BOLT TO POST ~ OFFSET 

1 ~ 90 RAL SPLICE GAP 

-V C19m ~ 1830 1 

14680 

(DIMENSION IS FRDM END OF INNER RAL TO CENTERLINE OF POST 11) 

~.152XI52~~I'.) INNERRAL P. 

n 710 If (TYP.) 
~:~ 915 ' .. ~ 
:;"~_ (TYP.) ~ .. ~ 
6 5 

INSERT STAGE 2, -
SPACER & STAGE 1 
INSIOE OUTER RAL 
PUSHING ALL ... 
ELEMENTS 
FLUSH AGAINST 
INNERRAL -

30S RAIL OVERlAP -

1830 1 mm II' 

NOSE 
/TENSILE f,178 x 178x3.2 ASSEMBLY 

CONNECTOR (TYP.) OUTER RALifyP.l (TYP.) 

H H H " tb 
».,~:, ~.''l:' ~) W " ! : 1905 

4 3 2 .. 
\~TAGEI STEEL SPACER ~ COMPOSrrE WBE 

STAGE 2siTETUBE\ AIR 
COMPOSITE WBE SPACE 

760 

r TAPE END CAPS TO EACH 
END OF AlL COMPOSITE WBES 
SEE NOTE <ID -

~ 100
150 

250 

~ WOOD POST 
8oCA8LE 
ANCHORAGE 
(TYP) 

~OF POST 1 

1305 
OVE 

..... 

RAIL 
RLAP 

1830 It 1830 V 18:l( J ~ 

WYBET(MB) 
(MEDIAN 
BARRIER) 

'Z ~:~ '." .. , 
9 

SEE CONNECTION 
DETAIL BELOW 

:;) ",-,,--.;..;. 
~;~ 
........ 

8 7 

~:~ ~::~ ~:~ 
,,,.,y;, ~,,;,':';; j) iii ~j ....... ........ ....... .. 1905 

6 5 4 3 2 U· -: L 

ELEVATION VIEW OF WYBET & WYBET (MB) - MEDIAN BARRIER 4. TE REQ'D FOR 

PUN 
VIEW 

Note: The WYBET & WYBET (MB) share Similar components except for the guardrail connection, post ~ MEDIAN BARR1ER 
type, post spacing, post connection hardware, and end plate on the foundation tube for post 1. VERSIONS ONLY 

MEDIAN BARRIER ~DlAN BARRIER 

ID lool~~ 
t ,-- CONNECTION SLEEVE INSTAlL THE TENSILE CONNECTOR 

WITH SAwrEETH ANGlED AS SHOWN 
AND HELD ARML Y IN PlACE WITH 

rY~
GAP 

5OBOLTTO 
POST OFFSET ----l B60 910 I--- 50 HOLE TO 

32 • HIGH STRENGTH THREADED 
AOO W/2 NUTS ON EADH ENO. t I I POST OfFSET ::::'''''' F: : I :-r 

SEE NOTE <ID 

. , ., .. I , ,"', , ... ., 
:::: :::: 
} ~~J ~~~J 

OJ IJ 

9 8 
WYBET (MB) CONNECTION TO MEDIAN BARRIER 

AFTER WYBET IS TENSlON£D ATIACH TENSILE 
CO'lNECTOR RETAINING BRACI<ET WITH 2 - 110 
SHEET METAl SCREWS, A TI ACH BRACKET ONLY 
AT LOCATlON SHOWN HEREI --

TENSILE CONNECTOR DETAILS 

WYBET & WYBET (MB) GENERAL NOTES 

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

GUARDRAIL & WYBET ALIGNMENT: Where no flare is 
indicated in the plans (i.e. a tangent layout) and the 
guardrail is located at the roadway shoulder, it is strongly 
encouraged to place the last 200 ft . 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 foot offset, a 2 foot offset is deSirable. It is 
recommended that WYBET terminals not be flared greater 
than a 1 :25 with respect to the roadway (1 :15 absolute 
maximum flare) . The entire length of the WYBET shall 
be straight without kinks and should match the alignment 
of the adjacent guardrail to the greatest extent possible. 

(g) PRE-INSTALLATION PROCEDURE: The contractor 
shall slide the 6" x 6" inner rail inside the 7' x 7" outer rail 
USing Q!}Iy manual labor to insure there is no binding or 
residual warpage caused by welding or other defects. 

COMPOSITE TUBES: Stage 1 & 2 composite tubes 
provide the energy absorption mechanism for the WYBET 
and shall be manufactured in strict conformance to Ihe 
specifications including proper cutting of tulips and taping 
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 
wrap of 2' wide duct tape. Tape shall bear a minimum of 
2 1/2' on the end cap and 2 1/2" on the compOSite tubes. 

TENSIONING THE WYBET: The contractor shall tighten 
the cable anchor and retighten the tensile connector. 
Once the system is tight, the tensile connector retaining 
bracket shall be installed in the location shown at the 
leading edge of the tensile connector. 

® WYBET MEDIAN BARRIER INSTALLATIONS: Connection 
of WYBET's to older paddle mounted median barrier 
shall require that a minimum of the next 10 posts beyond 
the WYBET be modified to a positive connection as a part 
of the WYBET installation. 

NOTE: 
ALL DIMENSIONS GIVEN 
ARE IN MILUMETERS (mm) 
UNLESS NOTED OTHERWISE, 

'-WY--O-'-M'""IN"':G":O-=EP--ARTM-:-:::-e--NT:-:"OF--TRAN:::-:---S=-=PO-=RT"'All::":O"'N-l 
STANDARD PLAN 

BOX BEAM GUARDRAIL 

WYBET INSTALLATtON DETAILS 

SEFT . 11IOQ -.. - .. M606-02C 
SHEET 08 OF XX 
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I' 
STANDARD POST SPACE · 1.83 m REFLECTIVE TAB REQUIRED 

EVERY 4TH POST (OON'T USE 
ON END TERMINALS) 

SLEEVE (6 rrml!. BENT & WELDED 
TO FORM BOX SECnoN TO 

~:L.., 
I I'll 

END OF RAIL 
TO it OF HOLE: 
ST ANDAAO SPliCE = 1 06 
EXPANSION SPLICE=88 

MODIFYING EXISTING PADDLE 
MOUNTED MEDIAN BARRIER 
TO STANDARD MEDIAN 
BARRIER CONNECTION. 

I' 

25 x 100 SLOTS FOR 
EXP~SION SPLICES 

~ __ ,,~1j_~BOX BEAM 

f;s2l--it OF HOLES (OR SLOTS) 

BOTTOMVlEW 

TS203 x 152 x 6 .• 

SHOULDER HINGE 
POINT 

FOR X <. 600 USE H1 
(MOUNTING HEIGHT 
MEASURED WITH 
RESPECT TO SHOULDER). 

FOR X > 600 USE H2 
(MOUNTlNG HElGffT 
MEASURED WITH 
RESPECT TO GROUND 
AT THE FRONT FACE 
OF THE RAIL). 

rl i it I BOX BEAM GUARDRAIL DETAILS I 

STANDARD BOX 
BEAM SUPPORT 
ANGLE (TYP) 

® BOLT(TYP) 

TYPE 'A' 
POST (TYP) 

GENERAL NOTES FOR BOX BEAM AND 
BOX BEAM MEDIAN BARRIER 

The standard post spacing shall be 1 .83 m. The 
minimum post spacing shall be 1.2 m . 

Rail elements shall be fumished in nominal lengths to 
provide either 3, 4, 5 or 6 post spaces unless physical 
constraints require odd lengths of rail elements. The 
nominal rail length shall not be less than 5.49 m. 

Expansion splices shall be placed in all box beam 
installations over 90 m long and at intervals not to 
exceed 150 m. Expansion splices when required shall 
be roughly equally spaced in the guardrail run. 

RECEIVE TS 152 x 152 x 4 8 BOX BEAM) 
2 - 25 x 100 SLOTS REO TOP & BOnOM 

STANDARD BOX l[=:;=::;~jtE==FF=> 
BEAM POST VARY 
POST HEIGHT SO 
BEAM MATCHES 
BRIDGE RAIL .............. -... -........... -, ~:.~,;:,:~ . ..::::.. 

0.0 SLEEVE SHALL BE SUBSIDIARY TO 
Q1J BOX BEAM GUARDRAIL WlHEN NOT 

INCLUDED IN BRIDGE RAIL DETAILS. 

CURB 

I EXIT END CONNECTION TO STEEL BRIDGE RAILING I 
(Qn!Y!2!: exit ends of one-way traffic bridges i.e. divided highways) 

BOLT REQUIREMENTS 

HIGH STRENOTH HEAVY HEX RAIL SPLICE BOLTS 

19 X 50 (A325) t 1 HAlRDENED WASHER (F436) 

19 X 100 (A325) t 2 HARDENED WASHERS (F436) + 1 NUT (A194-2HM) 

19 X 200 (A325) + 2 HARDENED WASHERS (F436) + 1 NUT (AI94-2HM) 

POSTS BOLTS .. HEX HEAD (MILD STEEL) 

19 X 40 (A307) t 2 WASHERS (F844) t 1 NUT (A583) 

13 X 40 (A307) + 2 WASHERS (F844) + 1 NUT (A583) 

RAIL BOLTS· HEX HEAD (MILD STEEL) 

10 X 90 (A307) + 2 WASHERS (F844) t 1 NUT (A583) 

10 X 190 (A307) t 2 WASHERS (F844) + 1 NUT (A583) 

@BO..T(TYP) 

FOR BOTH RAIL ELEMENTS : 50 FROM POST it. FDA X < 600 USE H 1 ----l-.... --.--.----.-i;.!l-i!.o 

REFLECTIVE T AS REO'D 
EVERY 4TH POST (OON'T 
USE ON END TERMINALS) 

25. FOR STANDARD SPLICE I BRACXET SHALL ANGLE 
25 x 100 SLOTS FOR AWAY FROM ADJACENT 
EXPANSION SPlICES TRAFFIC AND AWAY FROM 

(MOUNTING HEIGHT MEASURED 
WITH RESPECT TO SHOULDER) - -""=-- MEDIAN BARRIER SUPPORT 

aRACXET (TYP ) 

;m~'~.~:. r~~-
,--~~-r---------~~~~~~----~~~x~~-+- WYBETTE~NALS 

FOR X > 600 USE H 2 ---+~ 
(MOUNTlNG HEIGHT MEASURED 
WITH RESPECT TO GROUND AT @ BO.. T (TYP.) 

"I 
..J:L" 
I 1'1 I 

NOTE: !I:I! 

ENOOF RAIL 
TO~HOLE: 
ST SflLd.j 08 
EXPANSION SPlICE=88 

AU DIMENSIONS OIVEN ARE IN MILlIMETERS (mm) 
UNLESS NOTED OTHERWISE. 

f;s2l--it OF HOlES (OR SLOTS) 

J L 
I I II 
! I I! 

POST) 

I BOX BEAM MEDIAN BARRIER DETAILS I 

TYPE"E" 
POST (TYP) 

STANDARD MEDIAN BARRIER 
POST CTYPICAlI 

(POSITIVE CONNECTlON) 

WYOMING DEPARTMENT Of TRANSPORTATION 
STANDARD PlAN 

BOX BEAM GUARDRAIL 

GUARDRAIL INSTAlLATION 
DETAILS _ .. -.. - .. - .. 

5E1'T , '1'1111 -
_"" 
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US UeparTrre11 
of TrarooorKlnon 

~&d",,,, Highway 
Admin .. t,,,",,,, 

\1,- King k_ Mal< 
R~,"arlh Engineer 
rcxas TranspDrldtion [nslinlle 
('~[leg.e 'jtation, TCXH' 7n43-3135 

ncar \-lr, l\-lak: 

'01 S,V,"," St, S 'II 
w,,""'''" 0 C 20%1 

'O,UilCr J?, l'Hl 

Reb",' HMHS-C(6[),\ 

[n your Octokr 12 I~ller, ~ou rcq Llc,tcd th~ F('dcml I !;gh",ay . \umini.<lTat;on -, ( FI [\'v' .\) rcdc" 
""d approval of(hc spe~iJic"lioru, ii,r the ~nergy-ah,orhing composlir tllb<oS u,eu in the 
'W\urniJl~ Box-Beam End nrmitl<ll (WYBET-lSO) that ""l< acceptcd for lise On Ihe l\"t;ona) 
High" a} System ,m Auglm I ~, I ~~'J _ These ,pc<'ilication; were ue_eloped h} the Tc,a_, 
rransr()rtaIiotlltlstittlt~ fur the Wyoming Deputmem "fTransportatiun. but can be u,eJ bi "") 
Departm~nt of -] [ansportat ion that uSc' bo~-k"rn guardrail and the WYnr_T -,50 tcrrroHlal. 

I h" specification,_ which arc cndJ"eJ, appear to satisf:' th~ nced t0r qualih control Mthe 
compo,;\" tuks to emurc adeq\lal~ crash ptrll'rrn~nc~ of the WYI:H' [--.lSO. ~nd "CO t,,,J rh,'m 
acccptable 

[)"ight A H('rn~ 

Director, OJ1ice () f Hi~h\",y SatCty Intrawuc1\lr~ 

['ncl0'\lr~ 



SPECIFICATIOKS AND TEST PROCEDUlm FOR COMPOSITE TUBE 

ThLS 'pecLiica(ion outl,ncs (he ma(erial properties and rcq uired energy dIsSIpation propert,es for the 
fibergla."lepoxy composlie (ube, u,ed in the Wyonung box-beam end (errninal (WYBET ,_ Two 
'tage, of energy di"ipation arc employed in the desIgn: (he fim ,lage consH,t, of a 152-mm (6-in.J 
dLameter comp",ite tulJ.c ",ilh a 3 2-mm (0 125 in,) wall thickne,s, and [he ,econd ,(age a 152-mrn 
(~-m_) dlamC!er composltc tube with a ~ 4-mm (O,25-m_1 wall thickness. 

(;cDerai Spedficatiom; 

• The fikrgla.sslepCl\y ~"mpo'i(e luhe shall be manufactured USHlg th~ 'pultrmlOn" rH>Cc" 

and conS"b of a glass fiber rcinfor~cd resin matrix w,(h a gla" res III ratio of approx Ln1alel~ 
50 pcr~enL The rc,in ,haJl consist of isoph(hall1c pol}eslCC and gla.« re,nforcemtnt ,hall 
includ~ the followHlg three vanetie." 

a. A surface mat shall be used on all ntEnor surfaen for cheOllcal resistance and 
containment of other reinforcement fjbers_ 

b, Contmuou, gla." strand rovings shall be u.,ed Lmerllall~ for longnudn,al 't,eng!h 

c Contmuou;; ,(rand mal, 'hall he used 11l!cmdlly lor trans Vl'f.,e ,(rength_ 

• The ~ompo>lte malenal 'hall exhihl1 til<, following min'nlum rneChanICall"Or"rTll'>, 

f 

!Jltimat~ Ten" Ie Strength: 
(LongLtudlllaJ Coupon) 
(Tran;ve"e Coupon) 
(Full Sc~lion in Bendmgl 

Cltirna(e Comprc"ive Strength: 
(LongitudLnal Coupon) 
(TraJl>Yer>e Coupon) 
(Pull SectlOn in Bending) 

Cltirna(e Shear Slr"ngtll 

Cltirna(e Breaking Strength 

Modulus 01 Elast!cl1y 
(Full Beam Sect!oll Lil I3cndlllg) 

205 Mpa (30,()()() p") 
-1H Mpa ( 7,000 PSI) 

138 Mp~ (2U,000 p") 

205 Mpa (30,000 p,'; I 
102 Mpa (1 5,000 p,i) 
13~ "-'Ira (20,()()() psi) 

J I Mpa ( 4,500 p>ll 

205 Mpa (30.000 pSI) 

17217 Mp~ (2,5, 10' ~,,) 

so 
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Crash Force Characteristic, 

• ThE energy dissipation propertIes of the compo'ite tube shall be e"al~atcd usmg ,tat,e 
~ompress've testillg. fhe compoSltc tube., 'hail ha,e the following ,tatic ~ncrgy dissipation 
propeme, 

F, r<1 stagc compo"te rube -- 152-mm (6-in.) diameter wl1b 3 ,2-mm ((), 125-in , wall th,cknc" 

Average C,mh Force, F, 
Maxlmum Comprcss,vc Force, P 

85 ± !3 kN (19 ± 3 kip,) 
116 kl\ (26 kip.,) 

S,xonJ ,tage composite tuhe -- 152--null (b·ln,) diameter wnh 6.4-mm (D.l5-Lll,) "all 
thickncs, 

Average Crush for~c, F, 
Maxnnum Compre"Lve force, P 

178 ± 1)( kN 
245 kr-; 

(40±4k,ps) 
(55 kips) 

Deil nl110llS of the average "mh force, 1'" and maXimum cornpre"i, e foreG, P. are illmtrarcd 
In the follow,og figure. Th, average clll>h force ,hall be de{enILlllcd ba,ed no crmh force, 
from 152 mm {O 355 mm (G.O Ln. to 14,0 m,) of cru,h, rhe maX]]!]ltm compreSSlvl' force 
'hall he detcnnmed betw~~J] 90 mOl to 152 mm (3 5 1[1, 10 6,0 in) ot cru,h 

Acceptance/Rejection Criteria 

• The llCcep{anceireJcction criteria will he :)ascd On the c,,,,h force charaCtenslLc" i ,e .. a vnage 
crush forc~. F •• and maXlm",n compress' ve force, P The properties outlineu in the "General 
Spec,fication," are prov,dcd for information pU'1"',e, and an; not cOn<Ldercu in the 
acceptance/rcjeclion criteria 

• II minimum of th,.e~ 0) ,talic compre',s<vE test, should he conuucted at an Lndcpenuent 
telting laboratory. The three sample, shall be randomly ,elected, One each from {he 
hegmnmg, middle and end of the prodU({,on run heing evalualnJ. Each te,t ,peClmen ;hall 
he 610 mm (24 In,) long and a 100 mm (4 In.) long tulLp ,hape shall be cut mto one ~nd of 
the te.<t 'pec<men. End c~p, ,hall be u,,,d with the .'pecimen on both emb 

The te,t 'pecimen shall be cll<shcd s{allcally at a ratc of 50 mm (2 m) per !lUnUle lUlU the 
total cru,h leogth or d',plac~mcn{ shall he nO lc;s than 355 mm (14 () m ) 

The a~erage (,mil force charaderi.,tic, [or th~ three .'pecuncm drC w,thi" Lhe 
acceptable range, <1., ,pecified ahove and repeated heJQw: 
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First stage COlUposlte tube -- I s:~-mm (6-in.) dtame{~r wnil ,.2 -lUm (0.125 -In.) wall 
tluckness 

Average Cru,h Force, F. 
MaxlIlllLlll Compre"ive Force, P 

85±13lli (19±3Iup_') 
116J.-J\' (26 kips) 

Second stage cOlllpm,(e !U1le -- 152-mm (6-in.1 diameter wnil 6.4-mm 10. 25·in ) wali 
!h,ckne'l 

Average Crmh Fmce, F, 
MaxlmlIm CompressIve f'mce. P 

n~±18k" 
2451:..'1 

(40±4kip') 
(55 kip,) 

2. The crush force characteristics for each of the lhre~ specimens do not exceed the 
acceptahk ranges by more than to percent. In other ",md,. each specHm'n shall not 
exceed the followLng 'tal]C energy dissipatlOn propertIes' 

FIrst _'lage composite tube .. 152·mrn (6-in.) diameter w;(h 3 2 -rTlm (0 115 in.) wall 
thlckncss 

Average Cru,h i<orce, F, 
MaxlllllIm Compressi .... e Force, " 

~5 '" 22 k~ 
1271:..'1 

(19±Sktps) 
(28.5 kip,) 

Second ,(age composite tulle -- I 52-mill (~-'n ) d,ameter with 6.4-l11m (0.25-111 ) wall 
!h;ckn~ss 

Avelag~ Crush for~~, F, 
Maximum Compressive Fmce. ~ 

In,,,36kN (40± 8 kip,) 
267 k:--l (60 k,ps) 
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Static Crush Test 
Pultruded Fiber-Glass Tube 

Displacement (mm) 

150 200 250 

Variation, V 
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6 8 10 

Displacement (in) 
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