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INTRODUCTION
Background
Roadside Barrier Elements

Roadside barriers are highway appurtenances used to prevent vehicles from impacting rigid
or otherwise dangerous objects located within an established clear zone along a highway border.
These longitudinal barrier elements are designed to intercept and safely redirect errant vehicles
away from all potential hazards. Since roadside barriers will themselves be impacted by errant
vehicles, they are warranted only when their inclusion is expected to reduce the severity of a
potential accident at the installed location.

The total longitudinal barrier length required for shielding roadside hazards is called the
length-of-need (LON) and generally consists of a long standard guardrail section with a short
transition section near rigid objects. When the end of a roadside barrier falls within the clear zone
a crashworthy end terminal is installed.

Roadside Barrier Service Requirements

The criteria by which roadside barriers are evaluated are delineated in the National
Cooperative Highway Research Program report numbered 230 (NCHRP-230), RECOMMENDED
PROCEDURES FOR THE SAFETY PERFORMANCE EVALUATION OF HIGHWAY APPURTENANCES!.
This report, published in 1981, is an expansion on previous publications234.58 dating back to
1972; however, the qualitative performance criteria has changed very little from report to report.
The order of priorities in roadside barrier design is safety first and economics second.

The dynamic performance of a roadside barrier system determines the safety of that system.
The primary measurements of dynamic performance are structural integrity, vehicle deceleration,
and vehicle postimpact trajectory. The structural integrity of a barrier system is determined by its
ability, in terms of strength and geometry only, to restrain vehicles in a predictable and acceptable
manner. Furthermore, vehicle deceleration levels should be minimized in order to reduce the
magnitude of interior compartment impact forces imparted on vehicle occupants. Finally,
redirected vehicles should not have postimpact trajectories in the direction of traffic regardless of
the initial angle of impact.

While satisfaction of dynamic performance requirements is the first consideration when
selecting a barrier system, the optimal system is the one offering the greatest safety at the least
cost. |n addition to the first cost for the actual barrier system, other costs to be considered are
system installation, routine maintenance and damage repair. These costs can be estimated with
varying accuracies to arrive at an economic measure for comparing different systems that satisfy
dynamic performance requirements,

Barrier Classification

The AASHTO GUIDE FOR SELECTING, LOCATING, AND DESIGNING TRAFFIC BARRIERS2
outlines three different stages of roadside barrier development. An operational barrier system is
one which has performed satisfactorily in full scale crash tests and has demonstrated satisfactory
in-service performance. Determination of satisfactory performance was somewhat subjective in
the past; however, the standardization of crash testing and performance evaluation provided by
NCHRP-230 has introduced objectivity into barrier classification. An experimental barrier system is
one which has performed satisfactorily in full scale crash tests and shows promise for satisfactory
in-service performance. This classification implies that a barrier system has performed adequately
under controlled conditions and will be classified as operational only after a historical data base
showing adequate performance in an uncontrolled environment is established. An R & D barrier
system is one for which an insufficient amount of both crash testing and in-service performance
evaluation exists. No conclusions, positive or negative, can be drawn about this type of system.

In order to qualify for federal funding on any construction project involving the installation of a
barrier system classified as experimental by the FHWA, the responsible agency must agree to
monitor and report on the performance of that barrier in-service for a prescribed period of time.
The data collected from the performance of that barrier is then used by the FHWA in conjunction



with data from numerous other projects nationwide to determine whether or not the system should
be upgraded to an operational status. When a barrier system is already classified as operational,
or when the project on which it is installed does not involve federal funds, no formal monitoring is
required by the FHWA.

Probiem Statement
ADOT Standard End Treatments

Although proprietary systems have been used in the past, ADOT currently has only two
standard end treatment designs. The two systems used are the standard Breakaway Cable
Terminal (BCT) and the standard Attenuator Assembly. Figures 1 and 2 below show these two
systems. Typical ADOT details for both of these assemblies are contained in Appendix A of this
report.

Figure 2 Standard Attenuator Assembly



The BCT is a guardrail end treatment which provides the end anchorage required for
developing redirective forces when hit laterally as opposed to end-on. The standard attenuator
assembly, often used as a median barrier, incorporates standard BCT features while providing
intentional attenuating capability when impacted end-on. The standard BCT was recommended
for field installation in NCHRP report number 1295, A system similar to ADOT’s standard attenuator
assembly was introduced in Transportation Research Record (TRR) report number 4888, These
reports discuss the respective results of crash testing performed on each of these systems in the
early 70's. Both the BCT and the attenuator assembly systems appear to have performed in a
crashworthy manner although the criteria subsequently outlined in NCHRP-230 is not addressed
directly.

Typical details similar to those contained in Appendix A have existed and been used regularly
on ADOT projects since approximately 1974; however, no formal data base has been established
to support any conclusions about the in-service performance of either system. Regardless of this
fact, both systems are considered operational when used in conjunction with other appropriate
roadside barrier elements so that dynamic performance requirements are predicted to be satisfied.

Limited Space Available for Barrier System

Arizona's canal network is extensive and necessitates the existence of many short bridges on
the highway network. The necessity to maintain access to utility roads adjacent to the canals
creates a condition requiring a modified approach to bridge rail protection. Figure 3 shows a
typical canal access road and the limited space available for installation of a roadside barrier.

Longitudinal rail elements typically used on canal bridges consist of concrete parapet walls or
other rigid guardrail type barriers. An appropriate barrier configuration for shielding both the rigid
bridge rail and the canal would consist of a several hundred foot long LON guardrail segment with
an increasingly stiff transition segment near the bridge end and a standard BCT on the terminating
end. Figure 4 shows this full LON configuration used on a bridge very similar to the type used at a
canal crossing except that in this instance their is no canal road to consider.

The necessity for maintaining canal road access dictates that any barrier installation intended
to shield errant vehicles from the bridge rail hazard must fit within the limited space between the
bridge end and the canal road. The available space for such an installation is often less than 35'.
While this design constraint precludes provision of the full LON segment, the necessity for
providing some type of safety appurtenance meeting the stated dynamic performance
requirements still remains.

One approach to this problem is to forgo attempts at shielding the hazard of the canal itself
and to concentrate on shielding only the rigid bridge rail. A short longitudinal barrier installed
between the bridge and the canal road capable of safely slowing an impacting vehicle while
redirecting it away from the rigid bridge rail, but not into the highway or canal, would be
acceptable.

Alternate End Treatment

According to one safety barrier manufacturer, a device satisfying the requirements as stated
does exist. Energy Absorption Systems, Inc. (EASI) has developed two similar barrier end
terminals which function as both a transition section and an attenuating end treatment. These two
end terminals are the TREND which stands for TRansition END treatment, and the SENTRE which
stands for Safety barrier ENd TREatment. The systems are essentially the same except for the
different type of rigid barrier, or bridge rail in this case, that they are expected to shield. Aside from
the different rigid barrier elements that the two systems tie into, both systems consist of the same
components and behave in the same manner. EASI drawings of the SENTRE and TREND are
shown in Figures 5 and 6 respectively.



Figure 3 Canal Road Access to be Maintained

Figure 4 Full LON Segment is Provided

The physical composition common to both systems is as stated in literature supplied by
EASI7-® and summarized below. The SENTRE has five nested overlapping thrie beam panels
supported on vertical posts which are positioned on slip bases. For the TREND, there are six of
these panels. Slip bases consist of a top plate welded to the vertical support post and a bottom
plate anchored in a concrete footing. Both the top and bottom plates have open ended slots to
accommodate bolting together in a controlled breakaway manner. Subseguent to end-on vehicle
impact, the support posts will successively breakaway at the base level and progress rearward
causing the attached fender panels to collapse in a telescoping manner. The first three posts
include sand containers of sufficient mass to dissipate the kinetic energy not removed by the slip
bases as they overcome frictional forces and separate. The first support post is also connected to
a redirecting cable which will guide vehicles away from the hard point of the rigid barrier being
shielded. The description provided here is rudimentary and the manufacture’s much more detailed
technical discussion is contained in Appendix B of this report.
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FHWA Approved on Experimental Basis

EASI prepared two certification reports’-8 supporting their pronouncement that both the
TREND and SENTRE systems meet the dynamic performance requirements set forth in NCHRP-
230. Based on the reported full scale crash test results, the FHWA agreed that these systems do
conform to dynamic performance specifications; however, niether of these devices had been
formally monitored for a sufficient period of time to validate the adequacy of in-service
performance. As a result, at the onset of this experimental effort, the TREND and SENTRE
attenuator systems were approved by the FHWA on an experimental basis only.

Objectives
Field Installation

The objective of this research effort is to evaluate the in-service performance of the TREND
and SENTRE attenuator systems when installed on appropriate ADOT projects. Two construction
projects, both involving canal bridge rail modification, were selected for test installations. The
TREND system was installed on a project where a concrete parapet type bridge rail was
constructed. The SENTRE system was installed on a different project where a tubular thrie beam
bridge rail was constructed.

In-Service Evaluation

Installations at both these project locations will be evaluated in accordance with the
procedures for in-service evaluation as presented in NCHRP-230. The systems will be monitored
for a period of two years at which time it is anticipated that a recommendation will be made
regarding the use of these systems on Arizona highways. The formal FHWA Approved Workplan
developed for this research effort is included in Appendix C of this report. The workplan delineates
the evaluation procedures to be followed.

The reason for field installations is not to assess a barrier's dynamic performance under
severe impact conditions. In an uncontrolled environment this type of analysis is precluded by the
level of monitoring required for a useful quantitative crash evaluation. In the event of an in-service
impact, the dynamic performance of a barrier can only be assessed in a qualitative manner. The
primary reason for an in-service evaluation period is to alleviate unanticipated problems and design
deficiencies that may only be manifested during construction or operation. If such deficiencies
exist, affected departments can propose system modifications for improving operations or
lowering costs prior to wide spread implementation.

PROJECT LOCATION AND DESCRIPTION

This research effort embraces two separate experimental projects, and hence two
experimental project numbers, in accordance with the requirements stated in the Federal-Aid
Highway Program Manual®. The SENTRE system was installed and reported to the FHWA as
Experimental Project Number AZ-8802 and the TREND system was installed and reported to the
FHWA as Experimental Project Number AZ-8803. Figures 7 and 8 show the two project sites prior
to construction.

AZ-8802: SENTRE Attenuator Field Installation

Four SENTRE attenuators were installed on ADOT construction project HES-022-2(33)P,
Wickenburg-Phoenix Hwy (US 60) which is located at approximately milepost 138.0 on US 60. The
1989 design ADT'? for this two lane highway is 8,309 of which 62% are passenger type vehicles.
Among other safety related activities, the work on this project included retrofitting a new railing
system on the Beardsley Canal bridge. This involved removal of the existing concrete curb down
to the bridge deck level and reconstruction of a new curb configuration wide enough and stout
enough to accommodate a tubular thrie beam bridge rail assembly. The existing 40’ clear roadway
width was maintained.



Figure 7 AZ-8802: SENTRE Attenuator Installation Site
on US 60 Prior to Construction.

Figure 8 AZ-8803: TREND Attenuator Installation Site
on US 89 Prior to Construction.

The total bridge span across the canal is 20.5’. The new tubular thrie beam bridge rail has
four support posts anchored in the new concrete curb. The average distance from each of the
rigid bridge rail ends to its respective canal access road is approximately 37.5" and this is the total
distance available for installation of a protective barrier system. The SENTRE was selected since
this assembly has a 17.5’ total length, allowing for an additional 20" transition section to make up
the difference. The transition section consists of the same tubular thrie beam as the bridge rail;
however, the support posts are anchored in soil rather than concrete. The result is that the rigidity
of the transition section falls between that of the bridge rail and that of the SENTRE. Photos of the
completed installation are contained later in this report.

Accident History

An accident record listing'! for US 60 near MP 138 spanning the period 1973-1988 was
obtained from the ADOT Traffic Studies Branch. During this period there were 55 reported
accidents. The majority of these were livestock related. Of the 55 accidents, 13 involved some
sort of collision with the existing bridge rail and 6 involved injury. The highway is flat and the view

is unobstructed. Immediately east of this project is a tavern and a convenience store presenting a
potential merging hazard.



AZ-8803: TREND Attenuator Field Installation

Four TREND attenuators were installed on ADOT construction project F-081-1(2), Oracle Jct-
Florence Hwy (US 89) which is located at approximately milepost 132.6 on US 89. The 1989
design ADT10 for this two lane highway passing through the town of Florence is 2,565 of which
57% are passenger type vehicles. Along with milling and overlaying the existing roadway, the work
on this project included retrofitting a new railing system on the Casa Grande Canal bridge. This
involved removal of the existing concrete curb and attached W-section bridge rail, and
construction of a new concrete parapet wall type bridge rall. The existing 40’ clear roadway width
was maintained.

The total length of the new parapet wall is approximately 100, leaving an average distance of
70’ on each side for the canal access road and the attenuator. The TREND was selected since this
assembly has a 21' total length, still leaving a typical canal access road entry way approximately
49' wide after installing the attenuator. Photos of the completed installation are contained later in
this report.

Accident History

An accident record listing?! for US 89 near MP 132.6 spanning the period 1973-1988 was
obtained from the ADOT Traffic Studies Branch. During this period there were only 3 reported
accidents. The canal bridge is located just north of the convergence of US 89 and SR 287 and
approximately two tenths of a mile south of the developed portion of Florence. The accident
record listing showed a much larger number of accidents than is cited here; however, all but three
were in the adjacent developed area and not at the canal bridge.

CONSTRUCTION PLANS

Plans for the SENTRE and TREND projects are contained respectively in Appendix D and
Appendix E of this report. These plans have been reduced and should not be used for scaling
distances. These copies are not as-builts and do differ slightly from the actual field installations.

The plans for the Beardsley Canal project incorrectly refer to the TREND system. The TREND
system was originally specified for both projects until realizing that the SENTRE system was
required at the Beardsley Canal bridge due to the thrie beam type bridge rail specified for use on
that bridge.

MATERIALS TESTING

The only material tests applicable on these projects are the concrete footing compressive
strengths and the soil classification of the soil supporting the SENTRE’s transition section. The
concrete compressive strength will affect the anchorage of the support post slip base plates and
redirecting cable. The soil properties on the SENTRE project will affect the rigidity of the transition
section. At the time of this report, only the concrete compressive strength test results were
available. The actual 28 day compressive strength for the SENTRE footing concrete was 4829 psi
and for the TREND was 5839 psi.

DESIGN
Requirements

The 1977 AASHTO Guide? was used to determine the LON required on a typical canal bridge.
The design data for the Beardsley Canal project was used. The bridge rail must be protected, but
the required length-of-need is governed by the additional requirement of keeping vehicles out of
the canal should they become errant earlier in their approach to the bridge.

Figure Ill-A-3 of the AASHTO Design Guide indicates that for a design speed of 60mph,
obstacles less than 30" from the travelled edge of the roadway must be shielded. The travelled
roadway edge at the Beardsley Canal bridge is 8' from the bridge rail which is less than the
required 30’ clear zone distance; therefore, a roadside barrier is required. Furthermore, Figure llI-
A-6 of the AASHTO Guide indicates that since the 40’ bridge width is less than twice the required
30’ clear zone distance, barriers are required in both directions on both the leave the approach
ends of the bridge.



Section 1lI-E-4 of the AASHTO Guide outlines the variables of interest and the method for
calculating the LON dimension. Projected ADT design data, a 60mph design speed, the fact that
no flare is provided, and a minimum allowable uncbstructed clear zone of 30° is sufficient
information for determining the required LON dimension. Equation Ill-E-1 of the AASHTO Guide
yields a LON dimension parallel to the roadway of 293",

As discussed earlier, only 37.5' was available for a barrier system. Because of this constraint,
provision of the full LON segment was excluded and only the rigid bridge rail was shielded. Having
protected the most severe hazard, no further safety provisions were considered necessary by the
designers. Additional guardrall could have been specified on the other side of the canal access
roads up to the full LON; however, any projected gains in safety from such action would not have
compensated the added expense.

Barrier Design

The SENTRE and TREND are proprietary barrier systems. ADOT designer's are only
responsible for specifying use of these systems and any available options. EASI engineers are
responsible for the actual design of the system. Shop drawings with details applicable to the
specific project are provided by EASI and sealed by a mechanical engineer registered in the state
of California.

CONSTRUCTION

The activities involved in constructing the SENTRE system are nearly identical to those
involved in constructing the TREND system. The forthcoming activity description will therefore be
considered typical of both systems. Construction differences that do exist between the two
systems will be described as they occur.

General Activity Description
Traffic Control

The traffic contral specified on both of these projects was functionally identical. The actual
work area was protected by temporary concrete barrier wall located a few feet away from the new
bridge rail location, thus narrowing the road. The concrete barrier was tapered toward the
shoulder over a 75’ distance beyond the approach and leave ends of the bridge. On the approach
side, additional Type Il barricades were tapered over a distance of 500' beyond the concrete
barrier from the shoulder stripe to the edge of the pavement. The traffic control plans for each
project, as specified by ADOT’s Traffic Design Services, are contained in the construction plans
included in Appendix D and Appendix E of this report.

During construction of the SENTRE systems there was one reported accident which involved
the traffic control. According to the accident record listing, a semi-truck ran off the travelled
roadway and struck the temporary concrete barrier wall. The DPS report attributed this non-injury
accident to driver inattention. The attenuator installation had not been started at the time of the
accident.

Concrete Footings

The attenuators were constructed on concrete footings specified as Class S concrete with
'c=4000psi. The foctings provide anchorage to the redirecting cable and the bottom half of the
- slip bases and are of sufficient mass for preventing overturn. The footings were finished smooth
and level with the roadway surface.

The footing dimensions for the TREND are shown on both sets of construction plans. The
SENTRE dimensions are not shown because the TREND was originally specified on both projects
as discussed earlier. The TREND footing is 21’ long, 4’ wide, and 8" deep except in the last 3’ on
the end away from the bridge where the depth is increased to 3' to accommodate embedment of
the redirection cable front anchor. The SENTRE footing is the same except that the length is only
17.5’ because this system uses five posts compared to the TREND's six posts. Both footings have
two mats of longitudinal and transverse reinforcement as shown on the plans.



The cable front anchor was the only hardware required to be embedded in the footing. The
base plate bolts can be embedded in fresh concrete or epoxied in at a later date. The SENTRE
system also has an option for downstream tensioning. If this option is selected by the installing
agency, the footing Is thickened near the fourth post and a hook is anchored at that location,
allowing for the introduction of an initial tension to the guardrail beyond the attenuator. This option
was not used on the SENTRE installation featured in this report.

Figure 9 shows one of the SENTRE concrete footings with only the redirecting cable front
anchor embedded.

SENTRE Transition Segment

A 20’ transition segment was used between the SENTRE system and the tubular thrie beam
bridge rail. Seven posts with the same cross section and spacing as those to be used on the
SENTRE were driven in the soil spaced at 3’ O.C. in the transition section as shown in Figure 10.

Figure 10 SENTRE Transition Segment
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Base Plates

The SENTRE has five base plates and the TREND has six. The bottom half of each base plate
is anchored in the concrete footing by six 7.5" long 3/4" diameter bolts. The layout of the base
plates is critical since it determines the alignment of the attenuator and the ease of assembly. The
base plate locations relative to the footing edges and to the new rail systems where not clearly
defined on the project constructions plans; however, this information was shown on the EASI shop
drawings. Base plates were spaced 36" O.C. for the SENTRE and 37.5" O.C. for the TREND. The
attenuator alignment was specified to be straight and not flared on these projects.

The plate locations were layed out on the hardened concrete footings and the boit hole
locations were determined using the plates as templates. Bolt holes with 7/8" diameter were
drilled 6" deep and the debris was blown out of the holes with air. Washers and hex nuts were then
screwed onto the bolt ends so that an acceptable amount of thread would be left on the bolt ends
when installed. A two component epoxy, which is part of the SENTRE and TREND packages, was
mixed and poured into the drilled holes. The bolts were then pushed by hand through their
respective base plate holes into the epoxy filled holes and allowed to set for two hours. After the
epoxy set the six bolts were tightened with the specified 120 ft-Ibs of torque.

Rather than epoxying the bolts into the footing as was done on this project, another option is
to set hook ended boits in the fresh concrete. This option was not chosen for these projects since
the epoxy method requires less precision and allows for layout modification. The drilling and
epoxying activities do consume a considerable amount of time, however, and an alternate
anchoring method may be considered on future installations.

The drilling and epoxying activities are shown in Figures 11 and 12 respectively.
Panel Support Posts

Prior to attaching the posts, additional hardware is required on the slip bases. On each slip
base four 2.5" iong 3/4" diameter bolts were positioned in the slotted holes with washers and a bolt
keeper plate as shown in Figure 13. The support posts also have slotted 1/2" thick plates welded
to their bases. The two plates were bolted together with a specified 60 ft-lbs of torque. Insuring
proper torque is important since this determines the amount of energy dissipated by the slip base
breakaway action in the event of a longitudinal collision.

The actual support posts consist of 32" long W6.5x9 A36 steel posts to which an additional 21”
long W6.5x9 steel blockout is attached with two 3/4" bolts. All posts are interchangable except the
front post which is designated as Post 1, and the next two posts designated as Post 2 and Post 3.
Post 1 has a hole in the bottom to accommodate passage of the redirecting cable as shown in
Figure 14. Post 1, Post 2 and Post 3 all have holes to attach sand containers. All posts have two
holes for attachment of a backstrap, but these are only used on the TREND system.

Figure 11 Drilling Bolt Hole
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Figure 14 Hole at Bottom of Post 1
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Thrie Beam Panels and Sand Containers

One thrie beam panel was bolted to each post blockout such that adjacent panels overap.
The overlap is away from the direction of travel on approach side installations and just the opposite
on corresponding departure side installations. The panels were set such that their top edges were
32" above the footing. Adjacent panels were connected together through horizontal slots by a
mushroom bolt to allow a telescoping action upon longitudinal impact. The mushroom bolt
attachment is shown in Figure 15.

Sand containers were attached to each of the first three posts. Posts 1 and 2 each support
two 100 pound containers and Post 3 supports two 150 pound containers. Figure 16 shows the
sand container arrangement. Each container was filled to the top with dry sand and the container
lid was secured. The sand container lids snap tightly shut by hand.

Figure 15 Mushroom Bolt Assembly

Figure 16 Sand Container Configuration

SENTRE Splice to Transition Segment

The fifth panel of the SENTRE system must tie into the transition segment. In this case the
transition segment is a tubular thrie beam which becomes singular at the end to accommodate a
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splice with another section of thrie beam. In order to accomplish a clean splice, care must be
taken during design and construction to insure that the singular end portion of the transition
section is situated such that its concavity is compatable with the concavity of the SENTRE singular
thrie beam panels.

This special requirement was not forseen in the construction of this field installation. The
upstream ends of the tubular thrie beam matched up properly with the SENTRE panels; however,
the downstream ends did not. On the downstream ends the thrie beam panels had their convavity
pointing opposite that of the SENTRE panels. This situation required a special splice on the
downstream ends which is best illustrated by Figure 17. For comparison, the proper splice
configuration is shown in Figure 18.

%

Figure 18 Proper Upstream Splice

TREND Splice to Concrete Parapet Wall

The TREND end panel was spliced to the concrete parapet wall by a bracket assembly which
was anchored at the end of the wall with two 3/4" diameter bolts as shown in Figure 19. The steel
strap that runs along the back of the TREND was also anchored in the concrete parapet wall as
shown in Figure 20.
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Figure 19 Bracket Attaching TREND to Front of
Concrete Parapet Wall

Figure 20 Attachment of TREND Backstrap to Back of
Concrete Parapet Wall

Redirecting Cable

A 23 foot steel cable with threaded ends was supplied as part of the system. The cable was
passed through the hole in Post 1 and bolted to the front anchor as shown in Figure 21. The cable
was then extended to the rear anchor location forming an approximate angle of 25¢ with respect to
the roadway. A hole of approximate dimensions 2’ square by 4' deep was then dug at the location
of the free end of the cable and the specified reinforcement was placed. The hole was then filled
with concrete into which the rear anchor was imbedded as shown in Figure 22. After the specified
concrete strength was reached, the cable was tensioned by applying the specified 100 ft-lbs of
torque to the tightening bolt.

Completed Systems

The completed systems are shown in Figures 23 and 24. The individual Districts in charge of
maintaining these systems have enhanced their respective systems with reflective stickers and
signs as shown. The time required for a two man crew to install the four SENTRE units on
completed footings was approximately three days. This works out to be 12 manhours per unit.
Construction of the TREND units was faster since a larger crew was used.
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Figure 22 Rear Anchor of Redirection Cable

Figure 23 Completed SENTRE

16



Figure 24 Completed TREND

Economics
Construction Costs - Alternates vs. SENTRE and TREND

In the design stage, a decision was made to concentrate efforts on shielding only the rigid
bridge rails so that the canal roads would not be blocked. If the restriction of maintaining access
to these roads was removed, the full LON guardrail would have been provided and the SENTRE
and TREND would not have been necessary. Based on 1987 construction costs published by
ADOT'2, the average cost per foot of installed W-section guardrail on projects containing more
than 1000 of rail was $10.69/If. The average cost of an installed BCT based on all projects
involving installation of 4 or less BCTs was $887.05. As previously discussed, the total required
LON on these projects was 293'; therefore, this length of guardrail with one BCT on the end would
cost approximately $4019 installed.

Another alternative which conceivably could have been employed if redirection subsequent to
head-on impact was not a primary objective is the standard ADOT attenuator. These devices will fit
within the restricted space, however, their performance is different than that of the TREND or
SENTRE. Based on the average of the three low bids on the single ADOT standard attenuator
installed in 1987, the cost per attenuator would be $3558 installed.

The cost per unit for the SENTRE system was $7421 installed and for the TREND was $8600.
The approximate portion of this attributable to the steel and plastic attenuator components was
$2500. The footing volume is approximately 4CY so using a conservative estimate of S100/CY in-
place, the footing material is another $400 bringing the material total to $2300. The result is that
several thousand dollars in excess of actual cost was bid on each attenuator. Since no special
expertise is required for installation of these attenuators and one unit can be installed in an average
of 12 manhours, the differential seems high. This high price is in part the resuit of including traffic
control costs in the price of the attenuators.

Cost Analysis

Cost analyses are inconclusive until consideration is given to the functional differences
between the TREND and SENTRE type systems and the systems ADOT usually employs. The
TREND and SENTRE should not be compared directly with the BCT and standard ADOT attenuator
on a cost basis because their applications, while similar, are not the same. These new systems
were chosen due to the special circumstances of the projects on which they were installed.

The alternate design which provides the full LON and uses a BCT on the end is clearly
desirable from a first cost standpoint, but the design objectives are not met. The canal road
access is not maintained. Implementation of this alternative would require realignment of the canal
roads and in addition to being expensive, would often not even be feasible.
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The alternate design which employs the standard ADOT attenuator is less expensive, but
again all design objectives are not met. For vehicle impacts that are not end-on, the standard
attenuator and the TREND and SENTRE systems will pravide similar redirective capability. This
statement may not be true for end-on impacts. Crash testing of systems similar to the ADOT
standard attenuator® appears to indicate that vehicles impacting end-on will be stopped within the
systems 25" longitudinal dimension at 60mph (5g deceleration). However, if the impacting vehicle
has sufficient momentum to continue beyond the entire 25" attenuator length, the vehicle will
impact the hard point of the bridge rail. The TREND and SENTRE units are designed with a
redirecting cable intended to turn vehicles impacting end-on away from the hard point. This is an
added safety feature which the standard ADOT attenuator does not have.

Clearly the cost analysis is complex. Weighting factors must be assigned by the installing
agency which reflect the relative importance of each of the design objectives. The objective of
keeping existing canal roads clear will take on different levels of importance depending on the
available alternate options in a given situation. The objective of redirecting end-on impacting
vehicles away from the hard point may achieve extremely high priority when considering potential
litigation costs that may result from not providing such an added safety feature.

Maintenance costs will also be a consideration Iin determining the relative economy of
systems. Maintenance data for the TREND and SENTRE systems are not available but will be
collected throughout the length of these projects. Consideration will be given to the availability of
replacement parts in a limited application environment such as this and compared to a projected
full scale implementation situation where parts can be purchased in bulk and stock piled.

PRELIMINARY EVALUATION
Concerns and Potential Problems

The actual construction of both the SENTRE and TREND systems was completed without
difficulty. Problems and concerns did exist, but were not construction related. The first potential
problem was related to the specification of the SENTRE system on the Beardsley Canal bridge. As
previously discussed, the TREND system was incorrectly specified on both projects. The SENTRE
system was later specified on the Beardsley Canal project by way of change order and the
downstream tensioning option of the SENTRE was not included.

Exclusion of the downstream tensioning option does not represent a design deficiency
although it did create some confusion. The final determination was made by ADOT’s Highway
Plans design engineers that the downstream tensioning option was unnecessary due to the rigidity
of the thrie beam bridge rail system being used on that project. Other situations may warrant use
of the downstream tensioning option. Regardless of this decision, the apparent ability of the
SENTRE to provide adequate end anchorage to the connecting guardrail system will be assessed
in the event of future vehicle impacts.

The second concern which was expressed by ADOT District 1, District 2, District 3 and
Highway Plans had to do with an inherent feature of the SENTRE and TREND systems. In two way
highway applications such as these where attenuators are installed on both the approach and
departure ends of bridges, a potential problem is created. As discussed previously, the thrie beam
fender panels of the system are attached to their posts with a lap so that telescoping of the panels
will occur upon longitudinal impacts. The lap is away from the direction of traffic on the approach
end, but is toward traffic on the departure end. The departure end panel lap is shown in Figure 25.
Having the panels lap toward the traffic may be hazardous to vehicles barely brushing the
departure end attenuator. Vehicles which may only experience minor damage in a brush by
encounter with an attenuator where the lap is away from traffic have potential for snagging on an
attenuator where the lap is toward traffic. Any effects of this feature will be evaluated on these
projects.
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Figure 25 Panel Lapisa Concem on Departure Side

Conclusions

Between the time that the TREND and SENTRE attenuators were installed and the time that
this report was prepared a significant change of roadside barrier classification has occured. In
April of 1989 the SENTRE attenuator system status was upgraded from Experimental to
Operational by the FHWA Office of Engineering. Regardless of this change, the Experimental
Project currently at hand will continue and all previous commitments concerning this project will be
satisfied.

As of January 1990 there have been a total of four impacts with the attenuator systems in
place. All of these impacts have apparently been by heavy construction vehicles working on
adjacent construction projects and are clearly not representative of the type of impacts for which
the TREND and SENTRE systems were designed. However, the resulting damage has required
repair which will facilitate in assessing the maintenance features of these attenuators.

No data or conclusions will be presented at this point in the investigation of the SENTRE and
TREND systems. The evaluation of both of the systems will be carried out in accordance with the
workplan contained in Appendix C of this report. This workplan covers both the SENTRE and
TREND evaluation activities and has been adhered to thus far.
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TECHNICAL DISCUSSION
TEST CONDITIONS

Test Facility

The Energy Absorption Sysiuas Inc. test facility is located at the Lincoln
Airport in Lincoln, California. The test area is situated on fully asphalted
Tevel ground and has been cleared of all obstructions for unrestricted trajectory
of the vehicle. The soil is composed of very stiff to hard silts and clays and
can be classified as a HCHRP 230 type S-1.

Test Article (Design)

The SENTRE (see Figure D-1) has been designed and constructed to provide
structural adequacyaminimum occupant risk)and minimum vehicle trgjectory as set
forth in NCHRP 230 Table 3--. “Crash Test Conditions for Minimum Matrix".
(Table 1)

The SENTRE is designed as an end treatment for w-beam or thrie beam guard-
rail which will redirect the nose of the impacting vehicle away from the
unyielding guardrail while at the same time dissipate the energy of the impacting
vehicle.

The SENTRE consists of five nested overlapping thrie beam fender panels
which telescope rearward in response to a longitudinal impact force and an angled
side cable for urging the first fender panel and post assembly laterally away
from the fixed guardrail end. The fender panels and angle side cable function to
direct the nose of the impacting vehicle away from the hard point on the
guardrail while at the same time dissipating the impact energy of the vehicle.

The fender panels are slotted and secured together in a nested fashion by
fasteners which allow the fender panels to telescope upon the application of an
axial impact force. The fender panels are supported above the ground on vertical

support posts which are positioned on slip bases. These slip bases allow the



posts to break away from submerged ground anchors so that the fender panels may
telescupe.

The first fender panel, or more specif%caliy its vertical support post is
connected to a redirectioning cable. This cable is secured to én anchor located
at the front of the unit, and a rear anchor located at a lateral position away

" from the guardrail. This cable is positioned so that when a longitudinal impact
force is imposed on the front of the system, the cable will urge the first fender
panel Tlaterally as it telescopes rearward. The lateral force of the cable and
first post in conjunction with lateral forces contributed by the subseguent posts
will urge the vehicle away from the hard point on the guardrail.

Test Article (Construction)

The SENTRE drawings are shown in Appendix D. The following discussion will
describe how the individual components are constructed and assembled into a
working unit.

The 52 inch, 10 gauge thrie beam fender panels include 32 inch slots and are
secured together by fasteners (mushroom bolt assembly). These slots allow the
fender panels to telescope upon the application of a longitudinal force.

The mushroom bolt assembly is designed with a shoulder that travels in the
slot of the fender panel. The assembly secures two overlapping fender panels with
a grade 5, flat head 3" x 5/8" diameter bolt which passes through a hole in the
centar of the mushroom washer and a hole in the underlying fender panel. The
mushroom bolt assembly is constructed so that it does not solidly clamp the two
fender panels together, but rather secures them in a position relative to one
another with sufficient tolerance to allow the first fender panel to telescope
into the second panel. The longitudinal movement of the first fender panel is
halted when it reaches the end of the slot.

The fender panels are supported above the ground by vertical support posts.

The 32" long posts are W 6.5 x 9 steel "I" beams to which an additional 21 inch W



625 x 9 "I" beam blockout is bolted with two 1 1/2" x 3/4" diame*ter bolts. The
fender panels are then attached to the blockout with two 2" x 3/4" diameter grade
2 bolts. The purpose of the blockout is to prevent automobiles with small wheels
from snagging on the vertical support posts of the SENTRE during a side angle
impact.

The vertical sﬂpport posts are welded to a 1/2" x 8" x 11" steel slip base.
The slip base assembly includes a top plate and a bottom plate which are secured
to each other. The bottom plate is attached to an earth anchor.

The top and bottom slip base plates éach include four open ended slots which
are designed to receive 2" x 3/4" diameter bolts which secure the plates
together. The plates are large enough so that they will not yield during a
lateral impact. The slots are open ended so that when a sufficient longitudinal
impact force is applied to the vertical support post by the impacting vehicle,
the plates will slide apart. To insure that the plates will slip apart 1in a
predictable manner, they are separated by four 3/4" diameter flat washers. The
washers provide a consistant bearing area between the two plates so that the
force needed to cause the plates to slide can be controlled. Testing has shown
that the vehicle sustains acceleration levels of 4 to 5 "Gs" when a torque of 60
ft.-1bs. is applied to the four slip base bolts. 22

The vertical support posts also include a 4" x 4" steel gusset attached from
the vertical support post to the top of the slip base plate. This gusset
strengthens the vertical support post during redirective impacts.

An additional 3" x 6" angle plate is welded to the bottom slip base to
provide a ramp and prevent possible snagging on each other as they break away and
move rearward in response to a longitudinal impact force.

The first vertical support post is similar in construction to the other
posts except that it contains a 1 3/4" x 2" diameter schedule 80 steel pipe

grommet. The grommet is located 1 1/2" from the top of the slip base and is



designed to receive a 1 1/2" diameter threaded steel fitting which is swedged to
the end of a 7/8" diameter steel cable. The cable extends from the previously
mentioned front cable anchor, thrdugﬁ the grommet, to the rear cable anchor.
The rear anchor is located on an imaginary line which runs thrdugh the center of
the first vertical post at an angle of 25 degrees with respect to the centerline
of the roadway. The cable forces the first fender panel and vertical post to
move laterally upon the application of a longitudinal impact force.

The front and rear cable anchors are typically embedded in a concrete
foundation measuring 18" diameter by 4 feet deep. The front and rear anchor
consist of a 1" x 3" x 29" steel bar welded to a 1/2" x 5" x 7" plate. The
anchors are designed to be universal and secure each end of the cable. The front
cable anchor is positioned ahead of the first vertical support post and secures
the clevis end of the cable using 1 5/8 " diameter pin and cotter pin. The cable
passes through the grommet in the first vertical support post and is then secured
to the rear cable anchor by inserting the threaded fitting dﬁ the end of the
cable through the 1 3/4" diameter hole in the steel anchor and attaching a washer
and nut. The 1 1/2" nut is torqued to approximately 100 ft.-1bs. The cable
ajds in redirectioning vehicles which impact the SENTRE head on. By urging the
first fender panel laterally the cable imposes a lateral force on the fender
panels, The cable is constructed from 7/8", 6 x 25 IWRC, galvanized, steel cable
and will stretch 1 to 1 1/2 % of its length upon application of a longitudinal
impact force.

The lateral force will now be described in more detail. When a vehicle
impacts the guardrajl end terminal head on, the first panel is forced backwards
telescoping into the second panel. As the vehicle continues its motion, the
first vertical post impacts a second vertical support post causing the top plate
of the second slip base to disengage. The rearward movement of the first panel

stretches the cable until the cable will not stretch any further. The cable then



urges the first panel laterally causing the first fender panel to give a small
lateral impulse to the nose of the impacting vehicle. As the first fender panel
reaches the end of its travel the seéond fender panel begins to telescope into
the third fender panel. The first fender panel reaches fhe end of 1its
longitudinal movement before the second slip base breaks free. Each slip base
.decelerates and dissipates some of the energy of the impacting vehicle. This
process continues until all the slip bases of the SENTRE have disengaged giving a
large lateral force to the impacting vehicle. The net consequence of this lateral
force moves the vehicle away from the hard point.

The SENTRE includes additional mass in the form of sand because the slip
bases do not remove a sufficient amount of energy to keep an impacting vehicle
from hitting the hard point. The sand is held in containers which add 200 1bs.
to the first and second vertical support posts at a 24 in. center of gravity and
300 1bs. to the third vertical support post at a 21 in. center of gravity. The
200 1bs. of sand is equally divided into two 100 1b. containers for each of the
first two posts. A 100 1b. container is placed on each side of the block out and
vertical post so that two 2" x 3/8" diameter bolts can be inserted and clamp the
containers to the vertical post assembly. The 300 1b. sand mass 1is equally
divided into two 150 1b. sand contaners and attached to the third post 1in the
same manner as the 100 1b. sand containers. A 1id is included on each container
to keep moisture from entering the sand. The 1id is designed with a self locking
feature so no assembly tools such as rivets are required.

A bull nose has been included as part of the design to aid in the aesthetic
appeal. The bull nose is made of gray plastic and includes a flat section on the
nose which may be used to attach reflective markers.

The SENTRE may be attached to either w-beam or thrie beam guardrail. Both
guardrail types must include an end anchoring system which extends from a ground

anchor to the section of guardrail immediately following the SENTRE. A

10



transition panel must be included when installing the SENTRE on w~beam guardrail.
The transition panel is connected from the last fender panel of the SENTRE to the
hard point of the length of need guarﬁraﬁT. A 7/8" 6 x 19 IWRC cable extends from
a concrete deadman, located betweeen posts 4 and 5, to a cable anchor on the
transition panel. The cable and concrete deadman are strong enough so that the

L.0.N. guardrail develops its full tensile strength during a redirect impact.
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APPENDIX C - FHWA APPROVED WORKPLAN

AZ-8802 (SENTRE)
AZ-8803 (TREND)
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WORKPLAN

i

Evaluate and document the site selection criteria, and design conditions. This will include
expected service requirements of the project and anticipated service life of the device.
The geometric alignment, device location, traffic volume, vehicle operating speeds and
mix, environmental conditions, and soil stratigraphy will be documented.

Perform a risk analysis and pre-installation safety evaluation. Traffic and accident data will
be obtained and analyzed for each installation for the period 2 years prior to award of the
construction project. An appropriate risk analysis program will be selected and used to
determine the probability for collision for each device. Local maintenance authorities/ DPS
officers will be interviewed to determine if any unique safety or environmental conditions
are prevalent.

Assign reporting procedures and responsibilities. The ATRC will develop field evaluation
forms for use by ADOT construction and maintenance personnel and DPS officers. The
frequency and content of reporting will be established by the ATRC in conjunction with the
participating personnel.

Monitor and document the construction of the devices. The as-built condition of each
device and roadway condition will be documented and an emphasis placed on verifying
that design goals were achieved. Roadway friction testing will be conducted to document
skid properties at the time of construction. Field construction/contractor personnel will be
interviewed for suggested design/ procedural changes and /or improvements.

Prepare a construction report documenting the design and construction of the devices.
A construction report will be prepared in accordance with ATRC procedures for reporting
of experimental projects and submitted to the FHWA within 120 days after construction of
the last device.

Monitor in-service performance.
*  The in-service evaluation will be conducted for 2 years.

*  Monthly field inspections will be performed by ADOT maintenance forces to
record “brush hits" and drive away collisions, damage to the appurtenance,
required repairs, routine maintenance, and evidence of near misses. The
availability of replacement parts, level of technical support by the supplier, and
total down time of the appurtenance will be documented. Unique problems such
as vandalism or corrosion will be identified.

*  Reported accidents will be investigated by the ATRC as required. Damage to
appurtenances will be documented and video taped. Accident reporting will be
performed using techniques of the National Accident Sampling System or other
acceptable procedures.

*  Traffic volume and mix will be obtained annually.
*  ATRC will perform scheduled inspections of the installation at 6 months, 1 year,
and 2 years after construction. Interviews with maintenance personnel and DPS

officers will be performed annually.

*  Annual maintenance costs will be collected by the ATRC.



Evaluate in-service performance. A before and after evaluation will be performed which
evaluates the relative effectiveness of the appurtenances. Specific appurtenance
performance will be evaluated on the basis of three factors: structural adequacy, occupant
risk, and vehicle trajectory after collision. The evaluation criteria are as follows:

a) Structural Adequacy: Measure of geometrical, structural and dynamic properties
of an appurtenance to interact with a selected range of vehicle sizes and impact
conditions in a predictable and acceptable manner. Nonvehicle collision-type
forces such as wind are not included. Criteria:

Acceptable redirection of vehicle.
Controlled penetration of vehicle.

Controlled stopping of a selected range of vehicle sizes impacting the installations
at specified conditions.

Detached elements, fragments, or other debris should not penetrate or show
potential for penetrating the passenger compartment, or present undue hazard to
other traffic.

b) Occupant Risk: Vehicle responses of acceleration and velocity changes. Criteria:

Vehicle remains upright during and after collision although moderate roll, pitching,
and yawing are acceptable.

Minimize velocity change in vehicle. Small cars at both low and high impact
speeds are the critical test.
’

Minimize vehicle velocity change prior to occupant impact.
c) Vehicle Trajectory: Criteria:

Vehicle trajectory and final stopping position should intrude a minimum distance, if
at all, into adjacent or opposing traffic.

For longitudinal barrier terminals, vehicle trajectory behind the test article is
acceptable in theory.

The evaluation will determine if the design goals were achieved, identify special problems
that affected appurtenance performance, examine impact the devices exhibited on other
highway conditions, and document the initial cost and annualized maintenance cost.

Prepare a final report. A final report detailing the efforts of this study and the conclusions
and recommendations will be prepared. This report will be prepared within 90 days of the
completion of the final evaluation in accordance with ATRC procedures for reporting
experimental projects.
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Construciion - Arlzona Department of Transpor tatlior
Stanaard Speclflcations for Road end Briage
Constructlion, Edltlon of 19871,

Design - AASITQ Standard Spaclficatlons for Hlghwa,
Briages 198) Edl1ion ond 1984, 1985 ana 1988
Supp | ement s.

All concrele shall be Class '5' concrete uniess not
othurwlse.

Relnforcing steal shail conform to ASTu Speciflcari

- 4615, All bars shall be designed as Grade 40 anc
furnlshed as Grade 40 or BO.

Stresses -

Class *S* Concrate....-.......f¢' = 3,000 psi.

Grace 40 Relnforcing Steel....fs =20,000 psl.
All gimensions for reinforcing steel shall be 10
S1a. 533«57.74 center of bars unless noted olherwise.
fna Brid - Boscuay and Bridge Ali ralnforcing steel shall have 2° clear cover uni
_______ /f_ LR noled otherwise,

Chamfer all exposed concrete corners ¥.' as per

Standard B-19. 10 uniess noled otherwlse.

Dimensions shall nat be scaled from drawings.

GENERAL NOTES:

A
Symm. about Bro. Abut. =2-—=

3 - |
Bra. aput. S1—= = . 1
. .

L=gn

\ (!B'Skl- Lt
\
% =
o g
<] 5

20" -0

40" -0 Cisar Rosgway

I
.
(]
1
]
1
]
40 -0 Clear Roacwa

DOWEL NOTE:

Corf abuiment wall 6" deep ond box girder 4" oeep »
4" diomeler hole for =5 dowel. Epoxy dowel in I
witn approvea epoxy adhesive. Epoxy anchorage st
develop & tenslle pulloul strengtn of T rips.

Ses Roadway Plans for Datails of the anchorage system snall De suDmits
approach rall ana trensltion 10 the Enginear for approval prior to Instaitali

I deralls,

To Florence Jci.

20' -0

\
kY] 4
g Oy S NOTE:
‘,'l- - R All datalls shown are based on *As-Bullt* plans.
N kY Detolis In fleld may vary from Those shown ana
kY shall be adjusted as required and girecied by If
Englneer,

N LS
Exlsting Bridge Barrler Detslis |New Concrete Barrler Detalls

LOCATION PLAN

Simple Span Bridge
*S Dowels @ 12*

1" -6 Scale s fy* = 1"-0 1'-6
" 1" |1 20'-0 1o ’ “‘r:“:?g E:T.Ln
; 4 % g Ve ORY
1] 20-0 to 4' Into exlsting concreta

Hew Barrler —
2+ Brldge Brl
Mew Barr lar—_ | i goe

ExIsting
relnforcement

y |Fz
teb |a__] ~ >
1 j-eg 4 e 2 | — 3 z
o4 o 12°—{ 1-%8 - o 3
b, s s o,
. with sxlating . - L
b*S barsl i i .
§ < me=T 3 sl ™ L B 9 o] °
Existing *5 bars £ = |
% ixlsting *4 iy O U e — DETAIL E APPROX IMATE OUANTITIES =

-7

1°=T
5

2' =8

Band as shown Bena as e : 3°
shown SRl 0 P Ay
g _._."_z . =2 = | Scate ; 3' » I'-0 cSIruciural Ciass *5* Conc.| Relnforcing |Placing
I 2 Exlviing Mulagek e o il __;",'_‘c-cﬂ:‘oval I3 c-so:)o psl Sng:I 00;:!5
% Sk V. s .
Existing "4 bars @ 12'— > P \\_ >l 90 15.5 1790 122
Extsting A.L. Cveriay e o EXIATIOG AL "Overiay
o *5 Dowels between *4 hoops
________________ ——Exlsting prestressea —! l=  Core and set In an
Ses DETAIL EJi I SifQer wnit. sporoved epoxy 6% Inte
See DEVAN Efi ... .. | T=t1
cecTion Bos sxiatbigiebiccate Exlsting Bridge bul It under Project No. NS-246(611B, 1t
sc_a_;ﬂ : _i: s ARIZONA OLPARTUENT OF RANSPORTATION
SECTION A-a HLIEAYS Divis,
N : STHUCTURES SECTION
STA. 532+

Scate : 1" = 1I'-0

. For SECTIONS C-C. D-D ond DETAIL F.
Sea Shee! ¢ af 2.

CASA CRANUE CANAL BRIDGE
| NEW BRRAIER_CETAl
FLORENCE STREETS s
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RS |a~;-];g;,|‘..,
[ | Fr081-121 | 7 i

NOTE: Hatchea areas Indicate those FE 17

portlons of exlsting structure

10 be removed.

Existing curd and ralling

f2 =3 3
1o be removed e

ExIsting curd and

Existing A, C. ralllng to be removed

; [ Overiay to remain.

~
.

TR

4

\—Enlsllng *4 hoops
to remain

*4 bars ———Exlsting Abutment Backwall

ta remaln — Existing =5 bars @ 12°

1o resain

~—Exlsting prestressad
glraer unlt

SECTION C-C
Scale 1" = 1I'-0

3-1° x 1t-1 7 -
> 1Y Std. Pipe with
/Galv. Roat Trp.)\ r_H /r.aapod il “”.'( o1 ]T
|

" Barrler ———| | 9°1 Typ. ) &
— | o ) 2 )
Existing Wingwall LB )
¥ ] (it 10°( Typ.) 1 S 2
[t i Exisiing =
/ New Barrler 'G_l ———— p— = A.C. Overlay

v

: Y Exlsting Wingwall —|—] -Existing

Box Glraer

1'-6

varies

e - ¥
Existl % k
Joint :gfuftal——f"._/'

Exlsving ADutment -—/'-‘ \\

_—P\'_L

-1 % Typ, ) SECTION H-H
3 Scale : |I' = |'-0

AR(JONA OEPARTMENT OF TRANSPORTATION
MOmars DIVRION
STRUCTHRES SECTION

S1A7832+
CASA GRANUE CANAL BRIDGE
= |__ NEw BARAIER DETAILS |
3262 | o844 FLORENCE STREETS TR
N by o e

& ' 1 e



APPROXIMATE 1 RAT'Y I{‘ CONTROL. QUANTITIE S

GENERAL NOIES:

L ADSTW NI 10 SIGNS AND THEIR LOCATIONS WAr of WECESSAW (E TO CONSTRUCTION ACTIVITILS.
AS DIRFLLEL Br JHE ENGINEER.

| o fee] rommn || |

ﬁ ov D g)
CASA GIRANDE CANAL DHHIGE

: Lt Lot : S1A G L s
2. AL EXISTING LIGNS N CONFLICT WITH THE CONS!RUCTION SIGNS SHAL BF Ht ED, OIVERFD Wil H 2
POywanD. Lk RE(OCATED. . B . o ik

7 TEAS “wrst s OPLIATIONS | QUANTITIES
I SIGN WOUNT (G NEIGHT IS A WINIMGK FVE FEET AS WEASUNED FROI THE l1Ow OF 1L SIGH wimiretrinl s |_FAST_SIDE | wESE SIDF | OFLIATIONS RANEET
TO 1l WA ELLE OF 1ok FAEUENT. n;srm- L | [ eSdaiiontond
JREE OO ERAT IOK Bl e |- e | ———
4 Al ORAWGCE CONSTRUCTION SIGNS SHAIL USE HIGH INTE4SITY BEFIECINME SHEETING AL UTELH AL 4 uum!ww s s
LIGHS WA U T ANDARD (NTENSITY REFLECTIVE SmLETING. : =—repasgeii | L U e
5. FLASHING WARKING [IGHTS I TYPE A 1AND FLAGS SHAIL BE USED TO CALL ATIEN)ION 10 Iht T & ORANY 1FAVE MENT WARKING 2 SR S T N m ” “““ 50 ,'_,'
T walwint . ‘_"_-'fu' . . . S
F 1
6 AL SIS AL FLACK IETTERS UM AN OIANGE BACAGRUUNL. UNLESS UTIERWISE NOIED, ” "-‘m*\‘?f ﬂ'M Rf[fijﬂf"“f“ AR —— L ./
al
FrFE Il BARICADES ARE TO HE PLACED FORTY FEE] O0.C. AGNG TAPEWS AND EIGHIT tELT O.C. B0 SR S R
AIUNG T ANGE NT 5. 18" 4 jb Wﬂ i | [ _
8 A STEADY BURNING TELLOW LIGHT (FYPE C 1 SHAIL tt WOUNTE() ON EVERY TYPE It BAKRICADE. | [ B L e
9 TEMPORARY CONCRETE AARIER SHAL REWAIN IN PLACE UNTIL AlL NECESSARY WORK 10 LOMMIETE . Ky 0 B el E (R
BRIDGE HARRIER Akl) APPROACH GUARDRAIL IS FINISHED. IVPE I BARRICAE —
0. FOR TENPORARY CONCRETE BARRIER DETAILS, SEE STANDARD DRANING NUMBEKS 4C 201 4C 202, TIPL A FLASHING LiGHT 0 FA
MND 4C-205. o - S
) TYPE B FIASHING 1IGHT il
Il BARRIER WARKERS Bu-| (WHITE JOR BM-Z [YELIOW 1SHALL BE INSTALLED Al 25 FT SPACING AS PER  [—— - ——— —— e — e s
STANDARD DRAWING 4 W JO01 AND 4 U 1002, THE INSTAILED PHICE FOR THE MARKER SHALL HE TYPE € STEADY BUINING LIGHT 13 FA 1 EA o
: g 3 _TYPE € STEADY BUitMiNG 1 0| i _Eaf
NS A AED Y S RN AGE S QAR R FOS SUALL SIGN { MIGH INTENSITY SHEETING ) - il B
16 (SECEQLINE ALBE CHAMGE[LAS- (MREETED. X THE: ENGINEER. WEDIUM SIGN 1 HIGH WTENSITY SHEETING ) 0 Fa R 12 EA

13. TRAFFIC CONTRO{ CONSTRUCTION SICNS SHALL WOI' BF OISPIAYEQ TO TRAFFIC ORE YHAN 24 HRS.
HRIOR TO ACTUA START OF CONSTRUCTION. THESE SIGNS MAY BF INS)ALLED SOONER, Ul THEY

M&[ SIGN  WICH JN?ENSP?F SME{HNG )

wust BE COVERED OR TURNED AWAr FROM TRAFFIC. THE COST FOR COVERING OA TURNING T HEW

SHALL BE CONSIDERED FPART OF THE SIGN INSTALLATION COS). WU FURTHER COMPENSATION WIlL

%I‘ U-A,l'i‘.sﬁlfsf SIGNS SHALL BE REMNED WITIHN 24 HWRS. AF TER COMPLETION OF THE CUNSTRUCTION
WNITIES.

M. TEMPORARY STRIFES SHAIL BE REFLECTORIZED Pusnc FAEWENT MARKING TAPE (TYPE TDOR
STAMDARD TRAFFIC PAINT. THE PA/EMERT TEMPERATURE wusT BE &0* F, (M mrmm WHEN | APE
IS APPLIED TO PAVEWENT. IF PAEMENT IEHPERA!URE 15 BE(OW 60° F, STANDARD TIAF FiC
PAINT SHALL BE USED AND STRIPES SHA!L BE DALITERATL() B SANDBLASIING OR OVHER APFROVED

SuAL SIGN 1 STM'LIARD .'HH NS"I’ SHFFFME )

WEDIUM SIGN | STANDARD JM.ENSJH ‘;HEEHMG )

TLARGE SIGN ¢ STANDARD INTEWSITY SHEETING )

SWALL SICN STAND

[ARGE SIGN ST AND

12 Ea

e m e m g

wE{HOOS WHEN DETOUR IS COMPLETED.
15 UThIZE ﬂﬂmf 57 ON PAGE 58 OF THE ADUT TRAFFIC CONTROL WANUAL FOR WILLING AND OVERIAY

OPERAT 104
PRELIMINARY PRINT
FOR EXGINEERING ngy LY
SUBIERY T RESIAH LiES,
ADDITIONS, ALTERRTIONS & CURRECTIONS
pard EB 01 198 E ﬁééﬂi.‘ mi:u;ﬁﬂ:ﬁﬁmz
: i?{ z Vewls TRAFFIC CONTHOL QUANTITIES
s FIORENCE STREETS
:"r"'"_.";:::-.-—--. .:‘-:. e R i T L e el ssedi eteisg ey e :w;ri.-',‘u;—.;m-p_]_.,;..,,, 4. e




5=

........ - [ S ST L SOOI [ERNETR -

@ !-_L@T —'TL—@T_EW- —I

F a8 un

®

©)] (O]
e 8
L J +
5 o
Vg eontivc]
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@ e ant 48 4B X A 60°x 240

TEWFORARY CONCRETE BARRIER

/‘ EXISTiNG BRIDGE RAIL

l-'.' |,;:'.I

LEGEND:
e o & "iu:“z'\ il m'.g\ )\
TYPE H BARRICADE !"‘. :
75 1250 | 25 rp oz | work
D DIRECTION OF TRWEL 5 { ;— i | i«—.—l—w.;..
SECTION BB STA 532 -
CASA GRANDE CANAL BRIDGE

[ww
A MR am70mk DEPARTAENT OF IRANSPORTATION

NOTE:
THIS PLAN SHOWS TRAFFIC CONTROL FOR WORK OW THE EAST SION OF THE DRIDGE.
TRAFFIC CUNIROL FOR WORK Un THE WEST SIDE OF THE BRIDGE IS SIMILAN AND DMPOSITE,

..lj?.zﬂ..,

g
o Tyl _rnarnm bt
TRAFFIC CONTROL PLAN

DIvISION
senvices

FIORENCE STREETS
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