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H5 Roadside and Median
Barrier Systems

H5.1

Barrier systems can be classified into two
categories, based on their location and design:

Introduction

e roadside
e median.

A roadside barrier system is designed to redirect
vehicles that impact on only one side of the
barrier. It is typically used to shield motorists
from natural and man-made hazards located
along either side of the edge of highways and
ramps, including the left side of divided
highways with wide medians. It may also be
used to protect vulnerable road users, such as
pedestrians and cyclists, and snowmobiles from
vehicular traffic under special conditions.

A median barrier system is designed to redirect
vehicles that impact on both sides of the barrier
system. Median barriers are typically used to
separate traffic with high differential speeds
and/or to manage access. Common examples of
medians include separating the high opposing
traffic speeds on divided highways, controlling
access between and/or separating traffic on
parallel roadways such as service roads and
freeway collectors-distributors. The proximity of
interchange ramps to the highway sometimes
requires a median treatment as well.

Precast concrete barrier systems are movable,
segmented, barrier systems that are most
commonly used in work zones to protect both
motorists and workers. Selected precast concrete
barrier systems may also function as permanent
barrier systems (roadside or median) if designed
and maintained appropriately.

Barrier systems should be designed with
consideration for adjacent roadside features. The

selection and design of a barrier system must
include consideration of the roadway, shoulder,
drainage facilities and the roadside environment
of the surrounding area. Together, these
elements are designed to function in harmony,
maximizing the safety benefits of the highway as
a system. Conversely, situations that reduce
safety can develop when the interaction of
roadside features (including barrier systems) is
not given adequate consideration. Poor choices
reflecting this include locating barriers behind or
on steeper slopes and/or using barrier curb-
barrier combinations on higher speed roads.
Application restrictions are noted for each
barrier system.

The proper performance of barrier systems is
heavily dependent on the correct design,
installation, maintenance and post-impact repair.
Grading and anchorage requirements should
also receive proper attention.

To be effective, a barrier system should:

e prevent penetration, vaulting over
(overriding), or wedging under (under
riding)

e unless otherwise designed, remain
substantially intact so that system elements
and debris will not pose an undue risk to
vehicle occupants or other traffic

e be designed and installed to reduce the risk
of system components entering into the
passenger compartment (spearing) of the
impacting vehicle.

A vehicle-barrier collision should result in the
smooth redirection of the impacting vehicle at a
low departure angle that will reduce the risk of
interacting with other vehicles. Finally, the
collision must not result in excessive lateral or
longitudinal deceleration to the vehicle
occupants.
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Since the dynamics of a crash are complex, the
most effective means of assessing barrier system
performance is through full scale crash tests. By
standardizing such tests, barrier system
designers can compare the safety performance of
alternative designs.

The primary purpose of a barrier system is to
reduce the collision severity when the vehicle
leaves the roadway and encounters hazards
(fixed objects or terrain features) that are less
forgiving than striking the barrier system. A
barrier system is intended to contain and/or
redirect an impacting vehicle.

Barrier systems are categorized on the basis of
their design deflection characteristics:

o flexible
e semi-rigid
e rigid.

The design deflection is the distance that a
barrier system is expected to move laterally
under impact, measured from the face of the
system. Rigid systems, as their name implies, do
not deflect significantly. Semi-rigid systems
generally deflect 1.5 m or less. Flexible systems
such as the High Tension Cable System and
Alberta Weak Post deflect significantly, up to
3.5 m or more upon impact.

The design deflection of a barrier system is
important, in that it determines the minimum
separation between the barrier system and the
hazard that is being shielded. If the system is
placed too close, the impacting vehicle may
deflect the barrier system into the hazard,
allowing the vehicle to strike the hazard, thereby
defeating the purpose of the barrier system.

Barrier systems, whether they are rigid,
semi-rigid or flexible, must be of sufficient
length and be properly anchored to develop
their full strength. For rigid systems, sufficient

length and mass are necessary to prevent the
system from being displaced upon impact.

Alberta has adopted the performance
requirements for barrier systems based on the
National Cooperative Highway Research Program
(NCHRP) Report 350 - Recommended Procedures for
the Safety Performance Evaluation of Highway
Features.

All systems must be rated at least as TL-3 for
high speed highways (posted speed of 100 km/h
or higher) where the AADT > 2500. Discussion
on the selection of appropriate barrier systems is
provided in Section H3.2.3.1.

H5.2 Roadside Barriers

Roadside barrier systems are designed to be
impacted on only one side.

In general, the following systems are currently
permitted for use on Alberta highways as
roadside barrier systems:

e High Tension Cable Barrier Systems (TL-3 or
TL-4)

e Alberta Weak Post W-Beam with Wood or
Plastic posts* (Not tested under NCHRP
Report 350, but assumed to be functionally
equivalent to TL-3)

e  Weak Post Box Beam (TL-3)

e Strong Post W-Beam with Wood, Steel, or
Plastic posts (TL-3)

e Modified Thrie Beam (TL-4)

e  Precast Single Slope or F-Shape Concrete
Barrier (TL-3)

e Cast-in-place or extruded F-Shape Concrete
Barrier (TL-4 or TL-5)

e Cast-in-place or extruded Single Slope
Concrete Barrier (TL-4 or TL-5).

* The Alberta Weak Post W-Beam system is permitted for
use on Alberta highways based on past performances.
However, this system should no longer be implemented
in accordance with Section H3.2.3.1.

H5-2
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For the selection of the appropriate barrier
systems, refer to Section H3.2.3.1.

Table H5.1 provides a summary of the key
dimensions and characteristics of barrier systems
used on Alberta highways:

TABLE H5.1 Roadside Barrier Systems Characteristics Summary

NCHRP Design Minimum System
Barrier System Post Type Category Report 350 Deflection (m) Length (m)
Test Level
Depends on post
spacing and
choice of system, Refer to
High Tension Cable Steel Post Flexible TL-3 or TL-4 refer to , m'anufactu.rer s
System manufacturer’s information
information (varies up to 35 m)
(Varies up to
3.7).
Alberta Weak Post . . 22.86 (< 70 km/h)!
W-Beam! Plastic or Wood Flexible N/A 25 45.72 (> 80 km/h)!
Weak Post Box Beam Steel Post Semi-Rigid TL-3 1.5 100
Plastic Post Semi-Rigid TL-3 15 50
Strong Post W-Beam
& Wood orSteel g ; Rigid TL-3 0.9 50
Post
Standard Thrie Beam Steel Post Semi-Rigid TL-3 0.6 50
Modified Thrie Beam Steel Post Semi-Rigid TL-4 0.9 50
Precast Concrete Semi-Rigid
Barrier — F-Shape or (must use
other approved N/A cras'h 'tested TL-3 0.075 to 1.8 45
shape (Temporary joint
installation or special between
purpose permanent) units)
Cast-in-place or
Extruded Concrete N/A Rigid TL-4 or TL-5 0.0 30
Barrier

I Minimum length for weak post w-beam does not include length of end treatments. The corresponding speeds are based on
design speed. The Alberta Weak Post W-Beam system is permitted for use on Alberta highways based on past
performances. However, this system should no longer be implemented in accordance with Section H3.2.3.1.

Drawings for approved roadside barrier Consult the recommended products list to
systems, including transition information, are confirm that the selected end treatments may be
provided in Appendix B and Appendix Eof this used in Alberta. The recommended products list
guide. may be accessed on AT’s website.
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H5.3 Median Barriers

Median Barrier Systems are designed to be
impacted from both sides.

The primary purpose of a median barrier system
is to reduce the collision severity when the
vehicle leaves the roadway and encounters other
vehicles (opposing or travelling in the same
direction) or hazards (fixed objects or terrain
features) that are less forgiving than striking the
barrier system. A median barrier system is
intended to contain and/or redirect an impacting
vehicle.

In general, the following systems are currently
allowed for use on Alberta highways as median
barrier systems:

e High Tension Cable Barrier Systems (TL-3 or
TL-4)

e  Weak Post Box Beam (TL-3)

e Strong Post W-Beam with Wood, Steel, or
Plastic posts (TL-3)

e Modified Thrie Beam (TL-4)

e  Precast F-Shape or Single Slope Concrete
Barrier (TL-3)

e  Cast-In-Place F-Shape Concrete Barrier (TL-
4 or TL-5)

e Cast-In-Place Single Slope Concrete Barrier
(TL-4 or TL-5).

To determine the warrant for median barrier,
and selection of the appropriate barrier systems,
refer to Section H3.2.3.1.

Table H5.2 provides a summary of the key
dimensions and characteristics of median barrier
systems used on Alberta highways:

H5-4
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TABLE H5.2 Median Barrier Systems Characteristics Summary

{24 Design Minimum System
Barrier System Post Type Category Report 350 Deflection (m) Length (m)
Test Level
Depends on post
spacing and choice Refer to
High Tension Cable Steel Post Flexible TL.3 or TL-4 of system, refer, to m'anufactu.rer s
System manufacturer’s information
information (varies up to 35 m)
(Varies up to 3.7).
Weak Post Box Beam Steel Post Semi-Rigid TL-3 1.5 100
Plastic Post Semi-Rigid TL-3 1.5 50
Strong Post W-Beam
8 Wood orSteel | g ;i Rigid TL-3 0.9 50
Post
Standard Thrie Beam Seel Post Semi-Rigid TL-3 0.6 50
Modified Thrie Beam Steel Post Semi-Rigid TL-4 0.9 50
Precast Concrete Rigid (must
. use crash
Barrier — F-Shape or ..
other approved tested joint
PP N/A between TL-3 0.075 to 1.8 45
shape (Temporary .
installation or special units and
urpose ermar}:ent) embedded
putposep by 50 mm)
Cast-in-place or
Extruded Single
Slope or F-Shape N/A Rigid TL-4 0.0 30
Concrete Barrier
Min. 810 mm High
Cast-in-place or
Extruded Single
Slope or F-Shape N/A Rigid TL-5 0.0 30

Concrete Barrier
Min. 1070 mm High
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Drawings for the median barrier systems,
including transition information, are provided in
Appendix B of this guide.

Consult the recommended products list to
confirm that the selected end treatments may be
used in Alberta. The recommended products list
may be accessed on the AT website.

If the median width is wider than the required
Desirable Clear Zone such that the back of
barrier system can be located outside of the
Desirable Clear Zone, then other roadside
barriers such as the Strong Post W-Beam and
Modified Thrie Beam may be used as a median
barrier.

The Modified Thrie Beam barrier system may
also be used as a median barrier for a short
segment on overland flow routes or flood plains
instead of a concrete barrier to provide flood
relief during a major storm event. Additional
discussion of this allowance is provided in
Section H4.7.

New Jersey Concrete Barrier (TL-4) may only be
used when connecting to or replacing a small
segment of existing New Jersey Concrete Barrier.

Precast concrete barriers may be considered for
permanent installations if the barriers need to be
moved in the near future, such as when
additional construction is anticipated within the
next few years or when median crossovers or
lane shifts in the median are required during
construction. In this situation it would be more
cost-effective to provide precast concrete

barriers. The precast concrete barriers should be
embedded 50 mm into the pavement to ensure
minimum design deflection.

Precast concrete barriers are considered TL-3
systems.

H5.4 Placement Considerations

Most barriers are designed for and tested on
level terrain. Typically this installation would be
located at the edge of the shoulder.

As a vehicle leaves the driving lane and crosses
the shoulder and the embankment, the bumper
height of the vehicle deviates from the standard
height due to compression and expansion of the
vehicle suspension system.

If the barrier cannot be placed at the edge of
shoulder and the approach crossfall to the
barrier cannot be maintained at 10:1 or flatter,
then the barrier should be placed far enough
back such that the errant vehicle will not go over
the barrier, as a minimum.

Figure H5.1 illustrates the oscillation of the
vehicle using the bumper height of the vehicle.

Table H5.3 provides the minimum distance for
various sideslope ratios, as measured from the
slope break point, to minimize the potential for
errant vehicles to go over the barrier. The
minimum distance as identified in the table is
based on the encroachment angle of 25° with an
approach speed of 100 km/h.

H5-6
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FIGURE H5.1 Typical Vehicular Oscillation on Embankment
Edge of Rounding
Traveled Break
Way Point
< Shoulder »le L o
T See Table H5.3 o Actual path of
/bumper height

Height of bumper above normal
height at outer edge of shoulder

Maximum height of bumper

above normal height

TABLE H5.3 Minimum Distance (L) for Barrier Placement

. Minimum Distance L
Sideslope
(m)
6tol 6.1
4to1l 7.7
3to1l 9.2
2to1l 9.2

* Based on encroachment angle of 25° and approach speed of 100 km/h.

Normal path of
bumper height

Note: Refer to H5.5.2 High Tension Cable Barrier systems for sideslope and distance guidelines.
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Other considerations may also influence the
location and installation height of the barrier
system. These include:

Shy Line Offset

Flare Rate

Future Paving Requirements

Zone of Intrusion

Attachment to Barriers

Stopping Sight Distance at Interchange
Ramps.

H5.4.1 Shy Line Offset

The shy line offset is defined as the transverse
distance measured from the edge of the driving
lane to the inside face of the barrier system.

A suggested minimum shy line offset is
provided as a guide for designers for barrier
installation. Greater installation offsets are

desirable, provided that this can be achieved at a

reasonable cost and that the vehicle trajectory
will still allow the barrier system to operate as
designed.

For a rural environment, the suggested
minimum shy line offset is:

On all new structures, barrier installations
or other features that may be considered as
longitudinal hazards, the shy line offset
should not be less than 1 m. For example,
the width of new bridges on two lane roads
should not be less than 9 m (clear roadway
width). An exception to the 9 m minimum
clear roadway would be on new bridge
structures for SLC girders on specific low
volume roadways. For further details, refer
to Bridge Best Practice Guidelines,
Minimum Bridge Widths for SLC Girder
Structures on the Department webpage.
The suggested minimum shy line offset
should match or exceed the desirable
shoulder width on the roadway for the
service life of the infrastructure element

being designed. For example, for a new
bridge the projected traffic volume for the
next 50 years is of interest. It is normal
practice on new bridge design to provide
sufficient width such that widening would
not be required in the 25 to 30 year range.
For roadside guardrails mounted on
wooden posts where the service life is
normally 20 years or less, the width of the
roadway during the shorter term is
normally used.

e For lower volume divided highways (less
than two-way 20,000 AADT) the suggested
minimum shy line offset on the left hand
side of the travel lanes is the standard left
hand shoulder width for the design
designation (2 m for four lanes, 2.5 m for six
lanes, and 3 m for eight lanes).

e For higher traffic volumes (greater than 9000
AADT on an undivided highway or greater
than 20,000 AADT on a divided highway)
with design speed greater than 100 km/h,
consider increasing the shy line offset above
the desirable roadway shoulder. The
suggested minimum is 3.0 m for bridges
(associated cost increase to be considered)
and 3.5 m for roadside barriers in isolation
from bridges.

e Roadside barriers should normally be
located no further than 4 m from the edge of
the travel lane, since the chances of an errant
vehicle hitting the barrier at a more obtuse
angle increases with the offset. An exception
to this rule is at the end of the barriers
(flaring area) where the offset may be
increased to more than 4 m.

These values are sometimes less than those
recommended by TAC for the same speed. This
is due to the use of high design speeds over a
large component of the rural low-traffic-volume
network in Alberta.

H5-8
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For economic considerations, some of these
roadways may have a shoulder width of 1 m or
0.5 m with a design speed of 110 km/h. It is
difficult to justify a large shy line offset when the
shoulder is narrow and the traffic volume is low.

For urban projects including projects in urban
fringe areas, such as the Calgary and Edmonton
Ring Roads, INFTRA follows TAC’s Suggested
Shy Line Offset Values as shown in Table 3.1.6.4
of the TAC 1999 Geometric Design Guide for
Canadian Roads. The offsets are to be measured
from the edge of lane using the actual lane width
provided on the subject road. In some cases this
lane width may exceed 3.7 m where it has been
developed to allow for bicyclists as well as motor
vehicles.

H5.4.2 Flare Rate

Barrier systems are sometimes flared for a
number of reasons:

e to place the end treatment further from the
roadway

e toreduce driver reaction to the introduction
of a barrier

e to transition the barrier alignment so that it
can be attached to another fixed object, such
as a bridge parapet

e toreduce the total length of barrier needed.

As the flare rate for the barrier systems
increases, the severity of the collision with the
flared segment also increases. In addition, the
likelihood of that vehicle being redirected into or
across the roadway following an impact also
increases. As a result, the flare rate of the barrier
system should be considered to minimize the
potential for collision severity increase, as well
as to minimize the potential to redirect a vehicle
into or across the roadway following an impact.

Table H5.4 provides the minimum flare rate for
High Tension Cable Barrier, Alberta Weak Post
W-Beam, Strong Post W-Beam, Modified Thrie
Beam, Box Beam, as well as Concrete Barriers,
based on various design speeds.

TABLE H5.4 Minimum Flare Rate for Various Barrier Systems

. . Flare Rate for Barrier beyond Shy Line
Design Speed Flare Rate for Barrier -
(km/h) inside Shy Line Concrete Barrier All Other Barrier
Systems

50 13:1 8:1 7:1

60 16:1 10:1 8:1

70 18:1 12:1 10:1

80 21:1 14:1 11:1

90 24:1 16:1 12:1

100 26:1 18:1 14:1

110 30:1 20:1 15:1
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H5.4.3 Future Paving Requirements

Consideration for Future Overlay Requirements

In 1999, INFTRA adopted a strategy to address
the problem of narrow pavements. The strategy
was intended to reduce the need to grade-widen
paved roads through the use of forward thinking
design concepts. A policy was subsequently
developed to address the roadway width
problem comprehensively in the three distinct
phases of a roadway’s life: new construction,
rehabilitation, and widening.

Under the adopted policy, the grade and base
course for all new construction or widening
projects are to be built wider to accommodate
two future 80 mm overlays.

A series of standard cross sections for various
designations of highway have been produced
and are included in the INFTRA standard
drawings to identify these future paving
requirements.

W-Beam Installation on Stage-Construction

Where a barrier is required on stage-
construction projects, in which the first stage
paving is to be constructed in anticipation that
final paving will be delayed for between two
and 10 years, an alternative installation method
(as shown in Figure H5.2) may be used. The
advantage of using this installation method is
that it may avoid removing and reinstalling
barriers at the time of final paving.

H5-10
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FIGURE H5.2 Installation of Barrier on First Stage Paving Projects
(that are proposed to be final paved in less than 10 years)
——'§= =y SURFACE OF I'T
FIRST STAGE
745 I PAVING AS DIRECTED BY
SEE NOTE 10 s10 | 1520 X THE CONSULTANT
Ny 2% CROWN (See note 3 and 5)
ROADWAY 80
SURFACE - = FIRST STAGE _I_ SIDE 1520
AGP J]]]]]]y[ B SIDE PAVEMENT SLOPE
SHOULDi/ \__IQ%OPE SHOULDER /‘ . <
- 600* SEE NOTE 9 <= 600
1 1
SEE NOTE 9 12901 | MIN SIDE SLOPE 1011 291 MN
SIDE SLOPE 10:1 1! (I
[ 1=
SECTIONA-A A
STANDARD GUARDRAIL INSTALLATION SECTIONB-B A\
NOTES: A A STAGE 1: FIRST STAGE PAVING
1. Sections B-B and C-C show the special installation of guardrail
that is suggested on projects where final paving is anticipated within 10 years. * The 600mm dimension may be exceeded if required by
2. The standard height of guardrail from the road surface to the centre boltis 540mm the consultant based on barrier type, hazard severity,
(Section A-A). The acceptable design range for height of guardrail installation is embankment characteristics, etc.
from 465mm to 615mm ie.6 +A75mm | I
3. The guardrail elevation 'x'is to be setby the consultant. An elevation between 540mm 80 --| —
and 615mm is normally chosen for First Stage Paving projects. The elevation may be |
selected based on an estimate of the Final Pavement thickness. Where the final |
pavement thickness is not known, the highest permissible elevation should be considered. ‘ =p 7
4, The acceptable tolerance for height of guardrail at time of construction Not to exceed 80mm
or maintenance is shown in the applicable specification. (See Note 8) AS DIRECTED BY
. , . . . : . X THE CONSULTANT
5. By installing guardrail at the highest permissible elevation (Section B-B), FINAL ACP (See note 3 and 5)
the final pavement can be placed without the guardrail being . 1520
remf)ved .or adiusteld (ISIection c-C). . FreT—2 ——SlOPE
6. Alldimensions are in milimetres unless otherwise noted. STAGE \{%4
e ACP =
;. 'Izlawmg |sd not toﬁ?cale. . o 80 f X SEE NOTE 9 b 600*__'
. avemept rop-offline mlust not be more an 80mm- from the SIDE SLOPE 101 200] MIN
guardrail post line. This is to prevent snagging. :M|N|
9. Insatllation of guardrail system normally requires postto be installed ==
through ACP and GBC layers.
10. This I%stallation method wi)I(I also applyy to other barrier systems SECTIONCC A
' i . I i ' STAGE 2: FINAL PAVING ON FIRST STAGE PAVING JOB
The height tolerances will vary depending in the barrier system.
| T
1r-r?I 35m | 35m I}g Excerpt from Standard Drawing TEB 3.56A.
| | T Refer to TEB Standard Drawing for current version.
=
I.OI 3.5m i 3.5m | . %
m | | %
| (O]
I ' e
sHouDer—T , ANE e | SHOULDER
ol asm | asm o
ml Im
PLAN VIEW A
EXAMPLE SHOWING GUARDRAIL INSTALLATION
ON A TYPICAL RAU-209 ROADWAY AT STAGE 2
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H5.4.4 Zone of Intrusion

The Zone of Intrusion is defined as the area
above and beyond the face of a rigid barrier
system in which components of commercial
vehicles, pickup trucks or SUVs may enter
during a crash with the system.

Because of the higher centre of gravity in
commercial vehicles, a low rigid barrier may
result in a partial overtopping of the rigid barrier
during a crash.

For this reason, the Zone of Intrusion may affect
the selection of a barrier system and placement
of signs and poles behind the barrier.

As a result, the Zone of Intrusion should be
considered for highways with high commercial
vehicle traffic with a rigid barrier, and/or a
barrier at a bridge structure. To be considered
high in commercial vehicle traffic, a designer
should examine the typical number of
commercial vehicles per day rather than the
percentage of commercial vehicles in the traffic
stream.

Ideally, all hazards, including signs and poles
with non-breakaway bases, should be placed
outside of the Zone of Intrusion. Alternatively,
the barrier height should be increased (refer to
Table H5.5).

If the hazard cannot be relocated to outside of
the Zone of Intrusion and a yielding or
breakaway design is not possible, such as for
high mast poles in a narrow median, then the
hazard may be located within the Zone of
Intrusion.

A 2003 study by the Midwest Roadside Safety
Facility (Report TRP-03-98-03) identified the
potential intrusion for various combinations of a
rigid barrier (TL-2 to TL-4) with and without a
curb at bridge structures.

Figure H5.3 illustrates the Zone of Intrusion
requirements for various longitudinal traffic
barrier systems used in Alberta.

The Zone of Intrusion for rigid barriers at TL-2
(test speed at 70 km/h) and TL-3 (test speed at
100 km/h) is based on pick-up trucks and SUVs.
The Zone of Intrusion for rigid barriers,
including semi-rigid TL-4 thrie beam barrier
(test speed at 100 km/h) is based on cargo box
rotation of delivery trucks.

The TL-4 barrier excludes the value for the New
Jersey (NJ) shape barrier. The New Jersey shape
barrier Zone of Intrusion value is significantly
higher than the other TL-4 barrier systems.

Additional research is underway under the
NCHRP program to determine the Zone of
Intrusion for other types of barrier systems and
may be incorporated into this document for use
in the future.

Using this Zone of Intrusion information, a
strategy was developed for use on Alberta
highways. Table H5.5 provides this strategy and
obstacle setback requirements, and Figure H5.4
illustrates the obstacle setback requirements.
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FIGURE H5.3 Zone of Intrusion for TL-2, TL-3 and TL-4 Barriers

305

1980

810

)

Zone of Intrusion for
TL-2 Barrlers

| 1000 | 1500

1980

610

810

)

Zone of Intruslon for
TL-3 Barrlers

Cargo Box Zone

860

5350

Truck Cabz]| 28 f"
Zone | d /

2440

810
230

3800

Zone of Intrusion for
TL-4 Barriers

Note:

1. The zones of intrusion are based on crash test data from barriers of various shapes but rationalized for design purposes.

The New Jersey shape barrier Zone of Intrusion value (not shown here) is significantly higher than the values provided.

2
3. Refer to Table H1.1 for Test Conditions for Longitudinal Barriers.
4

All dimensions are in millimetres.
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TABLE H5.5 Obstacle Setback or Treatment for Zone of Intrusion Considerations

. Applicable
Features Ig:selgg Road\!vay
(km/h) Barrier Obstacle Setback or Treatment
Standard
305 mm minimum behind top traffic face
TL-2 edge of rigid barriers, or the deflection
allowance behind flexible barriers,
<80 whichever is greater.
610 mm minimum behind top traffic face
TL-3/TL-4 edge of rigid barriers, or the deflection
allowance behind flexible barriers,
Bridge piers, whichever is greater.
abutment corners, 610 mm minimum behind top traffic face
ov'erhead sign TL-3 edge of rigid barrier, or the deflection
brldge colu.mns., and allowance behind flexible barriers,
high mast lighting whichever is greater.
5 80 3000 mm minimum behind top traffic face
- edge of rigid or Modified Thrie Beam
barriers, OR
TL4 610 mm minimum behind top edge of
barrier if the rigid barrier around obstacle
is up-graded to a vertical face TL-5 barrier
with minimum height of 1370 mm.
Structural support Structural support to be designed for an
for bridge equivalent static vehicle collision force of
superstructure <80 N/A 1400 kN, at 10 degrees to the direction of
within the travel, and at a distance of 1200 mm above
Clear Zone ground (Reference CSA S6-06).
Structural support Structural support to be designed for an
for bridge equivalent static vehicle collision force of
1800 kN, assumed to act in any direction
superstructure > 80 N/A y

within 10 m from
edge of ultimate
pavement

in a horizontal plane, at a distance of

1200 mm above ground (Reference
AASHTO LRFD Bridge Design Specifications
2007).
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TABLE H5.5 Obstacle Setback or Treatment for Zone of Intrusion Considerations

Design
Speed
(km/h)

Features

Applicable
Roadway
Barrier
Standard

Obstacle Setback or Treatment

<80

Less significant

All

Engineering judgement should be used
when designing barrier systems to provide
a balance between the risk and cost.
Where clearance of less than 305 mm is
used, these should be treated as design
exceptions and documentation for the
rationale to support the design choices
should be provided.

hazards such as
conventional light
poles, and small
signs

TL-3

610 mm minimum behind top traffic face
edge of rigid barriers, or the deflection
allowance behind flexible barriers,
whichever is greater.

TL-4

Higher bridge rail heights (similar to
bridge rail standard drawings S-1700-06 or
S-1702-06) should be considered with a
set-back of 610 mm behind the barrier.
Engineering judgement should be used
when designing barrier systems to provide
a balance between the risk and cost.
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FIGURE H5.4 Obstacle Setback Requirements
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All dimensions are in millimetres
Notes:
* Critical obstacles are defined as bridge piers, abutment corners, overhead sign support columns and
high mast lighting poles.
e These diagrams are to be used in conjunction with Table H.5.5 Obstacle Setback or
Treatment for Zone of Intrusion Considerations.

* Refer to Table H.5.5 for conditions pertaining to less significant hazards.
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H5.4.5 Attachments to Barrier Systems

For a rigid discrete (single) attachment, ideally,
the attachment should be placed outside of the
Zone of Intrusion. If the attachment must be
placed closer to the roadway to operate properly
(for example light poles), or if the cost to place
the attachment outside of the Zone of Intrusion
outweighs the benefit, then the attachment may
be placed within the Zone of Intrusion.

For a breakaway discrete attachment, the
attachment should be placed outside of the Zone
of Intrusion 900 mm from the front of the barrier
system, and in a location where debris from the
breakaway attachment will not become a hazard
to traffic or pedestrians.

For a yielding discrete attachment, the
attachment may be placed within the Zone of
Intrusion. The location of attachment must
consider the potential of debris hazard to traffic
and pedestrians.

For a continuous attachment, the posts should be
mounted a minimum of 178 mm behind the
barrier to reduce potential snagging, whenever
possible. The location of the attachment must
consider the potential of debris hazard to traffic
and pedestrians.

Refer to the 2003 Report TRP-03-98-03 -
“Guidelines for Attachments to Bridge Rail and
Median Barriers” for additional information.

H5.4.6 Stopping Sight Distance on
Directional Interchange Ramps

Where directional ramps are built going over or
under other roadways, there is normally an
obstruction to the horizontal line of sight by
either the barrier system on the approach or the
bridge pier/barrier system.

The minimum sight distance required on any
roadway is the stopping sight distance.

When a barrier system is required on
interchange ramps, particularly at the ramp or
side road intersection, consider increasing the
shy line offset to accommodate the stopping
sight distance requirements.

In most cases, directional ramps are curved to
the left (in the direction of travel). As a result,
the left barrier offset generally needs to be
increased to provide the necessary stopping
sight distance for the design speed.

Where a very wide offset is needed and there is
a possibility of drivers mistaking this offset as an
extra lane, consider additional guidance devices
such as pavement markings (including durable
markings), flexible delineators, and/or rumble
strips. A two lane ramp (instead of a one lane)
could also be considered.
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H5.5 Barrier System
Characteristics

H5.5.1 Alberta Weak Post W-Beam

Alberta Weak Post W-Beam Barrier is a
non-proprietary, flexible barrier system
designed to contain and redirect vehicles.

Two types of the Alberta Weak Post W-Beam
Barrier system are available:

e wood post design
e plastic post design.

The wood post design uses 152 mm x 203 mm X
1520 mm wood posts. Longer posts may be used
as required.

The plastic post is a proprietary product of
Amity Plastics Limited of Clyde, Alberta, and
uses recycled plastic materials. The length of a
plastic post is also 1520 mm.

Appendix B1 provides the standard drawings
for the Alberta Weak Post W-Beam Barrier
System.

Table H5.6 summarizes the characteristics of the
Alberta Weak Post W-Beam Barrier.

TABLE H5.6.
Alberta Weak Post W-Beam Characteristics

Characteristics

Design Deflection 25m
Installation helght 540 mm
(centre of rail)
Pemgn t.olerarfce of 75 mm
installation height

. 22.86 m (< 70 km/h)!
Minimum length 45.72 m (> 80 km/h)!

Flat shoulders or

P1
acement slopes 10:1 or flatter

See restrictions in

Combination with Curb Section H4.3

—

Minimum length for weak post w-beam does not include
length of end treatments. The corresponding speeds are
based on design speed.

Restrictions

Alberta Weak Post W-Beam Barrier should not
be used for new installation, and existing system
need to be replaced or upgraded at an
appropriate time. This is because there is no
approved crash-worthy end treatment for this
system. Refer to Section H3.2.3.1 for more
information.

End Treatments

Both NCHRP Report 350-approved TL-3 end
treatments and non-NCHRP Report 350-

approved end treatments are currently used in
Alberta.

The non-NCHRP Report 350-approved end
treatments are:

e Turn Down
e  Wing End.

The Turn Down end treatment is no longer
acceptable for new installations or replacement
of existing ends. Refer to Section H3.2.3.1 for
more information.
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Wing End treatments may be used for the
downstream of systems on divided highways
where the end of the system is beyond the
Desirable Clear Zone distance for opposing
traffic.

All TL-3 end treatments identified are designed
to connect with Strong Post W-Beam barrier
system. A transition from the Alberta Weak Post
W-Beam to the Strong Post W-Beam is required
prior to the installation of the TL-3 end
treatment.

NCHRP Report 350 approved TL-3 end
treatments include:

e Flared Energy Absorbing Terminal (FLEAT)
e ET-Plus

e FLEAT-MT (for median end treatment)

e CAT-350.

When TL-3 end treatments are required, the
FLEAT and FLEAT-MT end treatments are the
preferred treatments for roadside and median
applications respectively.

Additional information on each of the end
treatments is provided in Section Hé.

Transitions

Transitioning from the Alberta Weak Post
W-Beam Barrier to semi-rigid barrier systems
such as the Strong Post W-Beam Barrier or
Modified Thrie Beam Barrier are easily achieved
over a relatively short barrier transition length.
The transition to Strong Post W-Beam is made by
physically connecting the two systems at a single
post at a guardrail splice point and adding one
additional weak post as shown in standard
drawing RDG-B1.9.

When transitioning the Alberta Weak Post
W-Beam Barrier to Modified Thrie Beam Barrier,
an intermediate transition to Strong Post
W-Beam Barrier is required to ensure a gradual
transition in stiffness. The length of Strong Post

W-Beam Barrier should be no less than 3810 mm
(i.e. two post spacings at 1905 mm on centre).
This intermediate transition is illustrated on
standard drawing RDG-B1.9 in Appendix B1.

The transition between Strong Post W-Beam
Barrier and Modified Thrie Beam Barrier is
illustrated on standard drawing RDG-B5.5 in
Appendix B5.

Direct connections of an Alberta Weak Post
W-Beam Barrier system to a rigid system,
structure, or hazard are not permitted on new
installations. Significant differences in the
deflection characteristics of the two elements
could cause pocketing or snagging, and could
result in severe collisions.

When connecting the Alberta Weak Post
W-Beam Barrier system to a rigid barrier system
such as a concrete barrier, a series of
intermediate transitions are required. First, the
Alberta Weak Post W-Beam Barrier must be
transitioned to Modified Thrie Beam Barrier by
first introducing a section of W-Beam Strong
Post Barrier as described above. The final
connection to concrete barrier is made by using
two layers of 2.7 mm thick Thrie Beam panels as
well as reducing the Thrie Beam Barrier post
spacing and mechanically anchoring to the
concrete barrier using a Thrie Beam terminal
connector. This is illustrated on standard
drawing RDG-B6.15 in Appendix Bé.

Transition details for a median barrier
application are illustrated on standard drawing
RDG-B6.12 in Appendix B6.

When the rigid barrier system consists of Precast
Concrete Safety Shape Barriers such as F-Shape
Barriers or New Jersey Barriers, the orientation
of the Thrie Beam panels must be kept in the
vertical plane. Twisting the Thrie Beam panels to
mount flush on the inclined face of a safety
shape barrier is not permitted.
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When the flow of traffic is bidirectional, the
Thrie Beam Barrier must be connected to a
transition section of concrete barrier that meets
the following criteria:

e The end of the concrete barrier is
transitioned to a vertical profile.

e A 460 mm long x 110 mm deep recessed
wedge is provided at the end of the
transition to mitigate wheel snagging (refer
to standard drawing RDG-B6.13 in
Appendix B6 for details).

e The horizontal flare along the top of the
barrier is maintained at 20(min):1.

When the flow of traffic is unidirectional, a
transition in the safety shape concrete barrier to
a vertical face is not required, however, the Thrie
Beam panels must still be orientated in the
vertical plane.

Regardless of whether the flow of traffic is
unidirectional or bidirectional, the Thrie Beam
Barrier must be mechanically anchored to the

Safety Shape Precast Concrete Barrier using a
fully anchored Thrie Beam terminal connector.

The main principle of the transition is to provide
a gradual increase in rigidity, allowing an
impacting vehicle to transition from one system
to the other without pocketing or snagging.

For an existing Alberta Weak Post W-Beam
Barrier system currently connected directly to a
rigid structure, the transition should be
upgraded when the next bridge rehabilitation
takes place.

Maintenance Requirements

Typically the barrier should be inspected at least
every two years to confirm that the system is in
proper working order.

Maintenance inspection activities would
typically include checking the following;:

e barrier height

e vertical plumb (layback) of post
e deformation of beam element

e beam and post condition
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H5.5.2 High Tension Cable System

Overview of High Tension Cable Barrier

Generic (non-tensioned) cable barrier has been
used as median and roadside barrier since the
1930s. High tension cable barrier (HTCB) has
supplanted the generic cable barrier as a median
barrier since the 1980s.

HTCB has three or four, 19 mm (3/4 inch), 3x7
galvanized steel cables. Each cable is comprised
of 3 strands and each strand is made up of 7
identical steel wires.

The cables are held at the desired height by steel
posts that are placed in sockets (also referred to
as sleeves). The sockets are driven into the
ground or placed in concrete or steel foundations
depending on the soil condition, manufacturer’s
specification, Federal Highway Administration
(FHWA) Eligibility Letters or the
recommendation of an Alberta registered
Professional Engineer (specialized in foundation
engineering or geotechnical engineering).
Installation must allow for replacement of posts
in original sockets after collision damage. Posts
driven directly into the ground are not permitted
on Alberta highways.

The cables are individually connected to end
terminals (anchors) that are placed in steel or
concrete foundations. Anchors require the same
type of detailed engineering and acceptance

based on generic crash testing, as well as an
engineering recommendation based on local soil
information and other site conditions.

Pre-stretched, post-tensioned galvanized cables
are specified for Alberta Transportation projects.
Cables are pre-stretched and post-tensioned
after installation to a value depending upon
ambient temperature, e.g. 25 kN (5,600 pounds)
at 21° C (70° F). The FHWA has indicated that
“pre-stretched cables have advantages including
reduced dynamic deflection by reducing the
"play" between the individual wire strands in the
bundle that forms the cable prior to installation.”
(Ref 2)

The posts are expected to break away on impact
and the tensioned cables deflect and cushion the
force of the hitting vehicle. Cables are typically
supplied in 1,000 ft. (303 m) lengths and are
connected by turnbuckles or acorns. The cables
are very strong and will normally deflect, but
not break, in typical highway crashes.

Cable barrier has been proven to effectively
prevent or reduce the severity of median cross-
over crashes and run-off-road crashes. HTCB
installed at median and roadside locations has
been shown to be the most forgiving barrier
system available for reducing the severity of run-
off-road crashes in many applications.

Alberta Transportation has conducted a before-
and-after safety evaluation of the 11 km median
HTCB that was installed on the Deerfoot Trail, in
Calgary, in May, 2007. As of October 2016, the
barrier system has performed very well. No
vehicles have crossed the median into oncoming
traffic since the installation. There have been no
cross-the-median fatalities. Also, there has been
a significant reduction in the frequency (per km
per year) and rate (per million vehicle-
kilometres) of severe median collisions, which
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are defined as collisions involving major injuries
and fatalities.

A before-and-after safety evaluation of the 122
km median HTCB installed on Highway 2,
between Airdrie and Red Deer in June 2010, has
also been conducted. The evaluation indicates a
substantial reduction in the frequency and rate
of cross-the-median head-on collisions.

Depending on the application, HTCB generally
has many advantages over other types of barrier
systems. Advantages of HTCB include the
following:

e Tensioned cables deflect and cushion the
force of the hitting vehicle and are, therefore,
a more forgiving barrier system when
compared to concrete and steel systems (i.e.
F-Shape, Single Slope Concrete, W-beam,
Strong Post, Thrie Beam, Modified Thrie
Beam, Box Beam, etc.);

e Reduced snow drifting;

e Low risk for motorists (greater deflection);

e Reduced collision severity (i.e. fatalities and
injuries);

e Reduced damage to vehicles;

e Cost to install is generally less than concrete
and steel barrier systems;

e If impacted, relatively fast and easy to repair;

e Often continues to provide protection even
after impact and prior to repairs. The tension
keeps the cable near the design height even
when the posts are damaged and or have
broken off;

e Improved sight distance where conventional
barrier would block the line of sight;

e Aesthetic appeal.

Longitudinal Traffic Barrier System Selection

As previously indicated in H3.2.3.1, practitioners
should select a median or roadside barrier
system based on the following:

Longitudinal traffic barrier systems that are
more forgiving are preferred because they may
reduce injuries and fatalities when crashes
occur, provided that suitable operating space is,
or can be made, available.

In order of most forgiving to the most rigid
barrier systems typically used in Alberta, HTCB
is the most forgiving. Concrete barrier systems
are the least forgiving (most rigid).

Alberta Transportation Product Development
and Acceptance Testing

The Alberta Transportation Products List of
proven, trial and potential products for HTCB
(including vendor information) is available at
the link indicated below. There are currently
four suppliers of proprietary HTCB on the
Products List (Traffic Control Devices) dated
September 8, 2016.

http://www.transportation.alberta.ca/689.htm

General Guidelines

All cable barriers shall meet the crash test
requirements of the Transportation Research
Board (TRB) National Cooperative Highway
Research Program (NCHRP) Report 350,
“Recommended Procedures for the Safety
Performance Evaluation of Highway Features” or the
2009 “Manual for Assessing Safety Hardware”
(MASH 2009), published by the American
Association of State Highway and
Transportation Officials (AASHTO). as accepted
by FHWA in Eligibility Letters issued for
individual HTCB systems and products. Refer to
Section H1.3 for further details. The FHWA
Eligibility Letters on cable barrier systems can be
found on the FHWA web page for longitudinal
barriers:

http://safety.fhwa.dot.gov/roadway_dept/policy
guide/road hardware/barriers/
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Due to ongoing development, new products,
research, studies and guidelines on cable barrier,
designers shall research and review studies and
guidelines as well as products currently
available, tested and accepted by FHWA at the
time of the project.

There may be a time lag between the issuing of
FHWA Eligibility Letters and posting of the
letters on the FHWA website. FHWA also issues
periodic guidelines regarding HTCB, such as the
July 20, 2007 Memorandum from Jeffrey A.
Lindley, Associate Administrator for Safety, on
the subject of “INFORMATION: Cable Barrier
Considerations”. (Ref 2) Designers should
therefore contact FHWA to obtain the latest
information regarding HTCB-related Eligibility
Letters and guidelines.

Designers should review the FHWA Eligibility
Letters and the test documentation upon which
the letters are based in detail. This includes the
summary results (e.g. test deflection), test site
conditions (e.g. post spacing, soil data, etc.),
product details, provisions, etc. under which the
product was tested and accepted.

High Tension Cable Barriers are proprietary
products and therefore must be installed and
maintained in accordance with the
manufacturer’s and/or vendor’s specifications.
Cable barrier products vary substantially in
details, specification and method of installation,
etc. Designers should review the FHWA
Eligibility Letters in conjunction with the
manufacturer and/or vendor’s product details
and specifications.

It is desirable that cable barriers for median
applications meet the crash test requirements of
NCHRP Report 350 TL-4. However, TL-3 is the
only FHWA-accepted HTCB available for
installation on 4H:1V slopes. Refer to slope
placement details, in later sections of this
document, for details of slope constraints.

For roadside (non-median) applications where
the design speed is greater than 100 km/h, the
cable barrier must meet the crash test
requirements of NCHRP Report 350 Test Level 3
as a minimum.

Refer to Appendix E for more details on
manufaturers of cable barrier systems and the
general design process for HTCB.

To allow for a competitive bidding environment
during the tendering process, designers shall
determine and specify the HTCB technical and
performance requirements (rather than naming a
particular product).

Number of Cables, Height and Pre-Stretching

HTCB systems using either three or four cables
are acceptable for median and roadside
application (provided that they have been tested
and accepted to the appropriate test level under
NCHRP 350 or MASH 2009 criteria). Three-
cable and four-cable systems at a given test level
may have equivalent acceptance in FHWA
letters for given suppliers.

Recent research by the National Crash Analysis
Center (NCAC) in the US has shown that adding
a fourth cable to the generic three-cable design
increases the likelihood that the cable barrier
will catch a broader spectrum of vehicles. There
are a variety of cable heights among the various
cable barrier system designs tested under
NCHRP 350 criteria. Current research efforts are
considering whether these cable heights will be
adequate to accommodate the larger pick-up
truck which is defined in MASH 2009. HTCB
must be installed and maintained to the design
height and tension in accordance with the
tolerances of the manufacturer’s or vendor’s
specifications to optimize its performance.

Pre-stretched, post-tensioned galvanized cables
are specified for Alberta Transportation projects.
Cables are pre-stretched and post-tensioned
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after installation to a value depending upon
ambient temperature, e.g. 25 kN (5,600 pounds)
at 21° C (70° F). The FHWA has indicated that
“pre-stretched cables have advantages including
reduced dynamic deflection by reducing the
"play" between the individual wire strands in the
bundle that forms the cable prior to installation.”
(Ref 2)

Specified Maximum Deflection and Post Spacing

A review of FHWA Eligibility Letters indicates
that HTCB systems have been tested on flat
ground and on a 4H:1V slope, at various post
spacing ranging from 2 metres to 10 metres, with
test deflections up to 3.7 metres. In general, the
test deflection (i.e. the deflection that the test
barrier experiences when hit by the test vehicle
at certain speeds and angles) is known to
increase with longer spacing between posts.
According to the FHWA, “What is not known,
but strongly suspected, is that longer post
spacing may also affect the propensity for
vehicles to penetrate the cable barrier, i.e., by
underride or traveling between cables.” (Ref 2)

At a given test level, the test deflection on a
4H:1V slope has been found to be larger than the
test deflection on flat ground.

The guideline for setting the specified maximum
deflection (design deflection) for HTCB
installations is as follows:

¢ Within the constraints posed by the physical
characteristics of the project, it is desirable
that designers set the specified maximum
deflection (design deflection) at a value equal
to, or greater than, the highest test deflection
among the eligible accepted systems, so as to
allow several suppliers to potentially bid on
the project.

In terms of post spacing, since the HTCB systems
must be installed as tested, the post spacing
associated with the test deflections are, of course,

fixed. Therefore designers do not have a choice
to specify the post spacing at which a given
HTCB system is installed.

Placement of HTCB in the Median

Barrier design for the median is relatively
complex as the designer needs to consider the
possibility of impacts on both sides of the system
(vehicles possibly coming up the slope or down
the slope).

There are several requirements or guidelines
that need to be met when deciding where in the
median the HTCB is to be placed. The main ones
are discussed below.

Desirable Deflection Space

Cable barriers can normally be hit from both
sides when installed in the median of divided
highways (unless there is another system that
prevents impacts from the opposing direction of
travel). Only one HTCB run is typically installed
in a median to prevent median cross-over
collisions. The HTCB must prevent intrusion of
vehicles into the opposing travel lane. Impact to
the cable system may occur on the front side
(closest to the travel lane) or the back-side
(furthest from the travel lane after crossing the
centre of the median).

The test deflection and post spacing documented
in the FHWA Eligibility Letters are based on the
HTCB system being tested on tangent in a
controlled environment for the various
proprietary products. The actual deflection may
be greater under real life, site-specific conditions
(i.e. larger vehicles, variable impact angles,
higher operating speeds, soil type/conditions,
installation on curves, etc.). Therefore, it is
appropriate to provide a “desirable deflection
space” consisting of the specified maximum
deflection plus a safety margin between 1) the
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HTCB and the median side painted yellow
shoulder lines in both directions; and 2) the
HTCB and a median hazard if the HTCB is relied
upon to protect vehicles from the hazard. The
safety margin is to be determined by the
Designer. Where practical, a greater safety
margin may be desirable.

In particular locations, where appropriate
deflection cannot be achieved or the median
geometry (such as sideslope or ditch width) is
not appropriate for placement of a single barrier,
two possible alternative solutions may be
considered:

* One alternative is to install the HTCB on
both sides of the median but this will double
the cost. This will resolve the “back hit”
issue (intrusion of opposing vehicles into the
travel lane caused by the impact on the back-
side after crossing the centre of the median).

¢ The second alternative is to reduce the
specified maximum deflection (design
deflection), particularly where there are
physical hazards (bridge piers, overhead sign
posts, steep slopes, opposing vehicles, etc.).
Most HTCB suppliers have charts correlating
post spacing and deflection; estimated by
interpolation between test results at certain
post spacing. Before applying these charts,
designers should ensure that these
interpolations are acceptable to FHWA.

Longitudinal traffic barrier systems that are
more forgiving are preferred. If there are no
constraints on a particular site or project (such as
allowable deflection space), designers should
consider increasing the specified maximum
deflection (design deflection) to a value that will
still provide protection from the hazard. This
will make the system more forgiving.

HTCB Placement in Depressed Medians

Designers  should
Transportation  guidelines and drawings
regarding HTCB installation in depressed
medians, including guidelines about “off-limit”
parts of the median where the HTCB should not
be installed. Refer to drawings RDG-B2.1
through RDG-B2.4, located in Appendix B2 of
the Alberta Transportation "Roadside Design
Guide". (Ref 3)

review the  Alberta

When there is an elevation difference between
the roadways on a divided highway, HTCB
should typically be placed on the side of the
median nearest the roadway with the higher
elevation.

Placement at Shoulder vs. Ditch Bottom

Although installation of HTCB in the centre of
the median ditch would tend to provide the
largest desirable deflection space, the soils at the
ditch bottom are often relatively less compacted
than on the sideslope at the shoulder. Also, the
ditches are subject to water accumulation and
there are often structures in the median, such as
catch basins or culvert outlets. The ditches are
often uneven, with weak soil conditions and
may require extra grading and compacting and a
review of the overall drainage patterns. These
factors tend to make the ditch installation of
HTCB more expensive and the collision
outcomes less predictable. The soils on side
slopes are compacted, generally above the water
table and, therefore, much stronger. Another
disadvantage of the ditch location is that snow
and ice may submerge all or part of the cable
barrier, thus rendering it less effective. HTCB
located near the shoulder is generally not
affected by snow accumulation or drifting.

The preferred HTCB location is at the top of the
median side slope near the shoulder, subject to
the Alberta Transportation guidelines listed

ROADSIDE AND MEDIAN BARRIER SYSTEMS

H5-25




November 2016

Alberta Transportation
Roadside Design Guide

below. HTCB should be installed in the ditch
only when shoulder installations are not able to
meet  the space
requirements. For ditch installations, the soil
strength must be taken into account when
designing the post foundations and end anchor
foundations. Where the existing sideslopes are
unsuitable to allow installation of the barrier in
the preferred location near the top of the median
sideslope, the option of selective or general re-
grading should be considered.

desirable deflection

Installation on Median Sideslopes (6H:1V or
Flatter)

HTCB is designed for impact on front and back
sides. Refer to Drawing RDG-B2.1

For depressed medians where the median slope
is 6H:1V or flatter:

¢ the preferred location is near the shoulder (as
discussed above) within 1.2 metres of the
edge of pavement.
probability of vehicles
system,;

* it is permitted to place the barrier down the
sideslope provided it is not placed in the “no
zone” (between 0.3 metres and 2.4 metres
from the toe of slope). This is to reduce the
probability of vehicles under-riding the
system.

e it is permitted to place the barrier in the
median ditch bottom provided it is not
placed in the “no zone” (between 0.3 metres
and 2.4 metres from the toe of slope). This
pertains to a V-shaped ditch or a flat-bottom
ditch that is wider than 2.4 metres. This is to
reduce the probability of vehicles under-
riding the system.

This is to reduce the
over-riding the

Installation on Median Sideslopes (6H:1V > Slope

= 4H:1V)

HTCB is designed for impact on front and back
sides. Refer to Drawing RDG-B2.2

For depressed medians where the median slope
is steeper than 6H:1V but flatter than 4H:1V:

¢ the preferred location is on the sideslope
within 1.2 metres of the shoulder break point
(edge of pavement). The location must not
be in the “no zone” (within 2.4 metres of the
toe of the sideslope) This is to reduce the
probability of vehicles over-riding the
system,;

* it is permitted to place the barrier down the
sideslope provided it is not placed in the two
“no zone” areas (between 1.2 and 6.0 metres
from the edge of pavement, to reduce the
probability of over-ride, or within 2.4 metres
of the toe of the sideslope, to reduce the
probability of under-ride);

* it is permitted (although not preferred) to
place the barrier in the median ditch bottom
provided it is not placed in the “no zone”
(within 2.4 metres of the toe of the sideslope).
This pertains to a V-shaped ditch or a flat-
bottom ditch.  This is to reduce the
probability of vehicles under-riding the
system.

The option of two separate longitudinal runs of
HTCB within 1.2 metres of the edge of both
shoulder break points may also be considered
where sections of the roadway have slopes that
are steeper than 4H:1V, the ditch is very narrow
(not allowing the specified offsets and
deflections) or there are fixed hazards in the
median.

Installation on Median Sideslopes (Steeper than
4H:1V)

HTCB is designed for impact on front and back
sides. Refer to Drawing RDG-B2.3
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For depressed medians where the median slope
is steeper than 4H:1V, HTCB typically may be
placed under the following conditions:

¢ At the shoulder break point (0.0 metre lateral
offset from the edge of pavement);

* The option of two separate longitudinal runs
of HTCB should also be considered where
the median width is narrow, desirable
deflection space cannot be met, general re-
grading is not an option, etc.

Placement of HTCB on the Roadside (non-
median)

HTCB is designed for impact on the front side
only. Refer to Drawing RDG-B2.4

In roadside (non-median) applications, the slope
on the road side of the barrier is of interest (for
crash performance) whereas the slope behind
the barrier has little influence on crash severity
outcomes. Consequently, the use of HTCB in
roadside applications is similar to conventional
barriers where the barrier is installed at the
pavement edge. The slope prior to impact is the
roadway surface slope and the slope after impact
could be relatively steep without adversely
affecting barrier performance. The area
immediately behind the barrier system may be
constructed at a steeper slope (up to 2H:1V)
depending on the stability of the soil. A
continuation of the flatter slope behind the
barrier, for a distance of 0.0 metres to 0.6 metres
(desirable) should be considered. The distance
behind the barrier system may vary depending
on the embankment slope, post foundation /
depth, soil / geotechnical condition, post spacing,
expected impact condition, etc. This is consistent
with how the department allows steeper slopes
behind conventional barrier systems, such as the
Alberta Weak Post W-Beam system (no longer
allowed in new installations or major
replacements) which is also a "flexible" system.

It is generally desirable to offset barrier systems
as much as possible from the travelled way to
reduce nuisance hits. In roadside applications,
the provision of an offset between the edge of
shoulder and the barrier system can be achieved
by providing a suitable flat slope as indicated in
Drawing RDG-B2.4. The lateral space between
the barrier system and any fixed hazards must
be at least equal to the design deflection. An
additional safety margin is desirable where
feasible.

HTCB systems may not be placed down the
slope on sideslopes steeper than 4H:1V, unless
the system has been successfully crash tested
under these conditions (with an FHWA
Eligibility Letter). HTCB systems can typically
be placed down the slope if the sideslopes are
4H:1V or flatter, provided that the proprietary
system has been successfully tested on these
slopes (as indicated in an FHWA Eligibility
Letter). The slope refers to the slope on the
roadside between the shoulder break point and
the barrier system (dimension “X1” in the
drawing).

As shown in Table H5.7a, below, and on
Drawing RDG-B2.4 (Ref 2, Ref 4, and Ref 5):

e For sideslopes that are 6H:1V or flatter, the
HTCB may be placed at the edge of
pavement (edge of shoulder on unpaved
roads) or at any offset on the sideslope.

e For sideslopes that are 4H:1V or flatter, but
steeper than 6H:1V, the HTCB may be placed
at the edge of pavement (edge of shoulder on
unpaved roads) or at an offset up to 1.2
metres from the edge of pavement.
Alternatively, the HTCB may be placed on
the sideslope at an offset greater than 6.0
metres from the edge of pavement.

e For sideslopes that are steeper than 4H:1V,
the HTCB may be placed at the edge of
pavement (edge of shoulder on unpaved
roads).
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TABLE H5.7a
Roadside Application, HTCB on Roadside Sideslopes

Maximum Dimension (X1)

Roadside Sideslope” from theOutside Edge of

Shoulder (m)"

6H:1V or flatter Infinity
6H:1V > Sideslopes > 00mtol.2m
4H:1V o
greater than 6.0 m
Steeper than 4H:1V 0.0m

*Refer to the “Geotechnical Investigation / Soil
Conditions” section, below.

Placement of HTCB on Undivided Highways —
Considering Wide Loads, Farm Equipment and
Nuisance Hits

In the interests of accommodating wide loads,
farm equipment and reducing the frequency of
nuisance hits in general, it is desirable to set the
HTCB as far back from the travelled way as
practical. This provides more lateral space and
reduced barrier height compared to an
installation at the edge of roadway. The needs
and practicality are influenced by the roadway
width, sideslope and expected type of oversized
vehicles. Designers should assess the need to
accommodate oversized loads based on current
and anticipated traffic for the roadway.
Flexibility available to the designer includes:

e the ability to offset the HTCB down the
slope, if the existing slope is 4H:1V or flatter;

e for existing sideslopes steeper than 4H:1V,
the ability to modify the sideslope to 4H:1V
or flatter, in order to offset the HTCB down
the slope. The designer should consider a

flatter slope in order to maximize the offset
of the HTCB;

e the ability to flatten the upper portion of the
sideslope to 4H:1V or flatter with a steeper
slope behind the barrier;

e the ability to specify a HTCB that is 840 mm
in height, or less.

Both the height of a barrier and the lateral offset
are factors that affect the ability to accommodate
wide loads and farm equipment and, therefore,
designers are advised to follow the procedure
indicated below, together with normal
engineering judgment:

If the sideslopes on a roadway (either divided or
undivided) are 4H:1V or flatter, or can be
modified to obtain this slope, it is desirable to
offset the barrier as much as permitted from the
roadway shoulder, while still providing the
deflection room to any fixed hazards. A slope
steeper than 4H:1V behind the barrier is
permitted, as long as the slope is clear of hazards
within the barrier deflection.

If the sideslopes on a roadway are steeper than
4H:1V and cannot be flattened due to
constraints, the HTCB shall be placed at the
shoulder break point. This is essentially the
same location that a Strong Post W-Beam system
would normally be placed.

If the roadway width is 9 metres or less and a
decision has been made not to flatten the
sideslopes based on economics or other
constraints, the designer should specify that the
HTCB be not taller than 840 mm. This will
minimize the likelihood of nuisance hits from
wide load vehicles; including farm equipment.
Alberta Transportation has various HTCB
products available for use that meet this height
criterion. They can be found on the AT Products
List:

http://www.transportation.alberta.ca/Content/do
cType253/Production/TrafficControlDevices.pdf

In addition to the products on the AT Products
List, some manufacturers have different models

H5-28

ROADSIDE AND MEDIAN BARRIER SYSTEMS



http://www.transportation.alberta.ca/Content/docType253/Production/TrafficControlDevices.pdf
http://www.transportation.alberta.ca/Content/docType253/Production/TrafficControlDevices.pdf

Alberta Transportation
Roadside Design Guide

November 2016

that have been developed and are acceptable for
use based on the different scenarios mentioned
above. Some of these systems are rated TL-4 and
some TL-3. Some have 4 cables and some have 3
cables.

Refer to the Alberta Transportation “HTCB Basic
Dimensions Drawing” (Ref 6) at:

http://www.transportation.alberta.ca/Content/do
cType233/Production/HTCBDimensions.pdf

for a list of HTCB products highlighting the
various characteristics. If a system has “(4:1)”
specified, it may be used on a sideslope of 4H:1V
or flatter. If a system does not have “(4:1)”
specified, it is to be used for 6H:1V, or flatter,
applications. The slope refers to the slope the
vehicle is travelling on in advance of impact.
The slope behind the barrier is not stipulated.

Placement of HTCB in the Vicinity of a
Bridgerail Transition

When barrier connection to a bridgerail is
required, a transitional barrier is used to allow
for the transition from a rigid barrier (bridgerail)
to a semi-rigid barrier (Thrie Beam, which then
transitions to a Strong Post W-Beam). See

http://www.transportation.alberta.ca/4855.htm

for various Alberta Transportation bridgerail
transition drawings.

If HTCB is placed in the vicinity of the bridgerail
transition, the transition between the flexible
HTCB and the semi-rigid Strong Post W-Beam
can be achieved in two ways:

e directly connecting the HTCB to the semi-
rigid barrier;

e partial overlapping of the HTCB with the
semi-rigid barrier.

For cases where connecting the HTCB to a
Strong Post W-Beam is used, proprietary
systems that have been issued an FHWA

Eligibility Letter (and are also listed on the AT
Products List) may be used and the proprietary
drawings must be referred to. These drawings
can be found on the Federal Highway
Administration website at:

http://safety.fhwa.dot.gov/roadway_dept/policy
guide/road hardware/barriers/

The connection of the HTCB to the Strong Post
W-Beam must occur outside of the Bridgerail
Transition Zone, as indicated on the AT
Bridgerail Transition Drawings.

Refer to the “Overlapping Barrier Systems”
section (below) for best practices related to the
partial overlapping option.

Placement on Curved Horizontal Alignments

Median and roadside HTCB installed on
horizontal curves, if hit on the convex side, can
be expected to have an increased deflection.
Reducing the post spacing may be an effective
countermeasure. Designers should be cautious
about using HTCB on convex curves,
particularly if the radius is less than 160 metres.
Designers should review the FHWA Eligibility
Letters and the manufacturers and/or vendor’s
product details and specifications with respect to
post spacing and test deflection. As indicated
previously, the test deflection in the FHWA
Eligibility Letters are normally based on the
system being tested on tangent in a controlled
environment. Actual test documentation on the
post spacing and its effect on the test deflection
on horizontal curves may not be available.
Designers may have to review and rely on the
supplier’s interpolations of post spacing vs.
deflection, as indicated in the FHWA Eligibility
Letters, along with using engineering
judgement, to determine the suitable post
spacing.

There is generally a higher frequency of vehicles
inadvertently leaving the roadway on the
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outside of horizontal curves than the inside of
horizontal curves. To reduce the frequency of
low severity (nuisance) hits, the preferred
location of a median HTCB is toward the inside
of the outermost horizontal alignment of a
divided roadway. Refer to Figure H5.5.

PREFERRED —
LOCA TrON

ACCEPTABLE
LaCATION

FIGURE H5.5
HTCB Placement on Horizontal Curves

Placement on Curved Vertical Alignments

HTCB placement may be restricted with respect
to minimum vertical curvature. Depending on
the proprietary system chosen, minimum
allowable curvature values may vary. Designers
should review the FHWA Eligibility Letters and
the manufacturer’s product information and
specifications for available details on minimum
K values.

There may be restrictions on vertical sag
alignments with small K values. Report No.
FHWA/TX-10/0-5609-2, “Development of
Guidelines for Cable Median Barrier Systems in
Texas” (Ref 7) indicates, “According to Alberson
et al., some of the cable barrier systems have
limited upward capability for carrying vertical
loads. As such, vertical sag curves may allow

the wire ropes to lift or partially lift out of the
post and increase the likelihood of vehicle
underride. On socketed systems, there is
generally no attachment of the posts to the
sockets. Therefore, if the wire ropes are more
firmly attached to the post, they may lift the post
out of the socket on vertical sag curves and
increase the opportunity for vehicle underride.”

End Treatment or Anchors

Alberta Transportation has included some
proprietary HTCB anchor systems as separate
products on the Products List. These are being
evaluated and may be accepted as “proven”
when the assessment has been completed. The
use of these proprietary products may negate the
need for on-site soil testing and local
engineering analysis. Products are to be used
according to the conditions indicated in the
Products List.

End treatments that are exposed to on-coming
traffic must terminate with a crashworthy end
treatment that meets Test Level 3 (TL-3) crash
test requirements of NCHRP 350 or MASH 2009.
HTCB end terminals are proprietary.

Anchor Spacing - Run Length

The distance between anchor terminals is
commonly referred to as a cable run or run
length. In theory, there is no limit to the length
of a single uninterrupted run of a cable barrier.
Longer cable runs, however, require more effort
to tension and re-tension, and there may be more
maintenance or replacement difficulties with
barrier cables that are very long. The presence
of bridge structures, at-grade intersections and
emergency maintenance crossovers act as
obvious breaks in cable barrier runs. A
recommended maximum desired uninterrupted
run of +/- 5 km was used for the median HTCB
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installation on Highway 2 from Airdrie to Red
Deer.

If a break or interruption in the cable is required
to meet the maximum desired uninterrupted run
(determined by the manufacturer) and if there is
no convenient location (intersection or
crossover) then a break and overlap in the HTCB
alignment is required. For overlap details, refer
to the “Overlapping Barrier Systems” section.

For median at-grade intersections and
emergency/maintenance crossovers, AT’s
practice has been to locate anchor end terminals
a minimum of 15 metres from the edge of the
paved intersection or crossover to provide
adequate space for snow storage.

Overlapping Barrier Systems

Although, physically connecting the two
different types of barriers may produce a
smoother transition, the efforts to retrofit an
existing barrier system to support the required
cable tension may be quite extensive and require
additional maintenance and increased time to
repair, if impacted. Consequently, it is generally
preferred to overlap the systems where feasible
rather than connecting them.

There are two types of overlapping systems; a
full overlap and a partial overlap.

e Anexample of a full overlap is where an
existing offset barrier system (i.e. concrete,
W-Beam or other) must remain in place at a
hazard (i.e. overhead sign post, bridge pier,
sensor pole, etc.). Then a longer HTCB is
installed (often as a median barrier) that
continues past, along the shoulder of the
roadway, to retain continuity of the HTCB on
either side of the hazard. The HTCB
overlaps the existing system without
touching, thereby providing two barriers for
the overlap length.

For a full overlap where the HTCB runs
parallel to an existing barrier system, the
HTCB is providing double protection with an
energy absorbing function. It is desirable
(but not essential) that the lateral spacing
(offset) between the HTCB and the other
barrier system is sufficient to allow for the
design deflection of the HTCB, so that
collisions will normally require repair to just
one system. If the area is constrained, the
designer may use judgment to accept a
smaller lateral offset to achieve a better
overall design. It is also desirable that the
lateral spacing between the cable barrier and
existing barrier be enough to prevent the
posts of the HTCB from becoming a hazard.
Enough lateral space should be provided so
that, in the event the HTCB is knocked down
by a vehicle, the posts do not impact the
adjacent, more rigid barrier system.
Typically, the minimum lateral spacing
between the systems should be in excess of
the HTCB post height for the various
proprietary products. The post heights
indicated in the Alberta Transportation
“HTCB Basic Dimensions Drawing” (Ref 6)
vary between 780mm and 1257mm.

An example of a partial overlap consists of a
HTCB transitioning to a Strong Post W-Beam
(which then may transition to a Thrie Beam
and then to a bridgerail). The effective
portion of the HTCB must completely
overlap the ineffective portion of the Strong
Post W-Beam end treatment. In general, the
length of the anchor end terminals, where
the cables are not parallel to the ground (for
the HTCB) and crash-worthy end treatments
(for the W-Beam) are not part of the effective
portion of the barrier. Refer to the
manufacturer’s drawings and specifications
regarding where the effective portion of the
barrier begins.
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For a partial overlap, it may not be possible
to provide an offset between the HTCB and
the other barrier system that is sufficient to
allow for the design deflection of the HTCB
or is in excess of the HTCB post height. If the
area is constrained, the designer may use
judgment to accept a smaller lateral offset to
achieve a better overall design.

Where the HTCB is upstream of a segment of
existing barrier (i.e. upstream of the
crashworthy, flare and/or turndown end
treatment), the HTCB should overlap in front
of the existing system. The position of the
HTCB is between the paved shoulder and the
face of the existing barrier system.

Where the HTCB is downstream of a
segment of existing barrier, the HTCB should
be positioned behind the existing barrier
system.

Where existing barriers are to remain in place,
designers should also assess if the existing
barrier system is in accordance with Alberta
Transportation’s current guidelines. The
assessment may recommend reconstruction,
replacement and/or improvements to the
existing barrier system.

Conditions Where Cable Barrier May Replace
Existing, Less Flexible Barriers

In general, HTCB may replace existing barriers
where the HTCB system can maintain the
desired alignment along the shoulder and
bypass an existing hazard with a spacing (offset)
greater than or equal to the desirable deflection
space (specified maximum deflection plus a
safety margin) from the hazard.

Geotechnical Investigation / Soil Conditions

The on-site soil condition can be different than
the soil condition used in the cable barrier tests
on which the FHWA acceptances are based.

Geotechnical testing (soil testing) and site-
specific engineering design is not required for
products (line posts, terminal posts and anchor
systems) listed on the AT Products List except in
the following cases:

*  Where it is a replacement of an existing
HTCB where the existing anchors were
distressed, heaved or displaced a significant
amount (as identified by the Consultant); or

e Unusual foundation conditions are
anticipated, such as areas where obvious
rock exposures are present (rock cuts) or wet
and soft areas (muskeg).

Where anchor designs are required, geotechnical
investigations, that include the nature of the
drainage, must be carried out during the
preliminary design and/or early detailed design
stages. The results are included in the tender
package. The ditch may be subject to periodic
flooding and/or wet soil conditions, which must
be taken into account in the design. The
Contractor is responsible for the design and
installation of the end treatments or anchors to
meet the soil conditions on the site. The design
shall be certified by a Professional Engineer
experienced in structural/foundation design and
registered with APEGA.
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Appendix B2 provides the typical drawings for
the High Tension Cable Barrier Systems.

Table H5.7b summarizes some characteristics of
High Tension Cable Barriers.

TABLE H5.7b
High Tension Cable Barrier Characteristics

Characteristics

Design Deflection 2 Varies, up to 3.7 metres

Refer to manufacturer’s
information and the
Alberta Transportation,
“HTCB Basic Dimensions
Drawing”. (Ref 6)

Installation Height of
Top Cable

Design Tolerance of Refer to manufacturer’s

Installation Height information.

Refer to manufacturer’s
Minimum Length information. Varies up to

100 metres.

Refer to manufacturer’s
information and FHWA
Eligibility Letters.

Placement

Combination with See restrictions in Section
Curb H4.3

[

Refer to the “Specified Maximum Deflection and Post
Spacing” section on page H5-24.

Refer to the “Desirable Deflection Space” section on page
H5-24.

[N

Restrictions

For restrictions when installed in conjunction
with curb, refer to Section H4.3.

For restrictions on shoulder and ditch placement,
refer to the various guidelines listed earlier in
this section.

Consult the FHWA Eligibility Letters and the
manufacturer’s information to determine other
restrictions for a particular High Tension Cable
Barrier system.

Transitions

Direct connection of the HTCB system to a rigid
barrier system, existing structure or hazard is
generally not permitted. Significant differences
in the deflection characteristics of the two
elements could cause pocketing or snagging and
potentially result in serious injury.

Refer to the “Placement of HTCB in the Vicinity
of a Bridgerail Transition” section for
information regarding the transition between the
tlexible HTCB and the semi-rigid Strong Post W-
Beam (direct connection).

Refer to the “Overlapping Barrier Systems”
section for best practices related to partial
overlapping.

Consult the manufacturer’s information and the
FHWA Eligibility Letters to determine the
appropriate transition treatment for a particular
HTCB system.

Maintenance Requirements

After impacts, the HTCB may remain in tension
depending on the severity of the collision. As a
result, the system may still provide some
protection to motorists; unlike standard,
conventional cable barrier systems which
typically are not operated at high tension.

Consult the manufacturer’s information to
determine the maintenance requirements for a
particular HTCB system.

For information regarding the cable re-
tensioning requirement for HTCB (including the
timeline for checking and adjusting the cable
tension), refer to Highway Maintenance Bulletin
#15/2016, “High Tension Cable Barrier”, at:

http://www.transportation.alberta.ca/3348.htm
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References for H5.5.2

The following documents were referred to
earlier in this section:

Ref 2)

FHWA, “Information Memorandum: Cable Barrier
Considerations”, July 20, 2007

http://safety.fhwa.dot.gov/roadway dept/policy

guide/road hardware/policy memo/memo07200

7/

Ref 3)

Alberta Transportation, “Roadside Design Guide”,
November, 2007

Appendix B2 — Reference Drawings, High
Tension Cable Barrier

RDG-B2.1 (rev 1) Typical HTCB Median
Installation, Slopes 6H:1V or Flatter

RDG-B2.2 (rev 1) Typical HTCB Median
Installation, 6H:1V > Slopes > 4H:1V

RDG-B2.3 (rev 1) Typical HTCB Median
Installation, Slopes Steeper than 4H:1V

RDG-B2.4 (rev 2) Typical HTCB Roadside
Installation

http://www.transportation.alberta.ca/Content/do

cType233/Production/RDG-APPENDIX-B4.pdf

Ref 4)

NCHRP Report 711: “Guidance for the Selection,
Use, and Maintenance of Cable Barrier Systems”,
Section 6.3 Cable Barrier Guidelines.

http://www.trb.org/main/blurbs/167753.aspx

Ref 5)

FWHA, “Cable Barriers - Design Standard and
Placement Considerations”, September 30, 2015

http://safety.fhwa.dot.gov/roadway dept/policy
guide/road hardware/ctrmeasures/cable barrier

s/#n2

Ref 6)

Alberta Transportation, “HTCB Basic Dimensions
Drawing”

http://www.transportation.alberta.ca/Content/do
cType233/Production/HTCBDimensions.pdf

Ref 7)

FWHA /Texas Dot, Report No. FHWA/TX-10/0-
5609-2, “Development of Guidelines for Cable
Median Barrier Systems in Texas”, 2009

http://tti.tamu.edu/documents/0-5609-2.pdf
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H5.5.3 Weak Post Box Beam

The Weak Post Box Beam Barrier is a
non-proprietary, semi-rigid barrier system
designed to contain and redirect vehicles.

The Weak Post Box Beam Barrier is generally not
used in Alberta except in special circumstances
where the designer has provided site-specific
justification.

The Weak Post Box Beam Barrier system uses
S75 x 8 steel posts with soil resistance plates. The
required length of the steel posts is 1635 mm.

Appendix B3 provides the standard drawings
for Weak Post Box Beam Barrier System.

Table H5.8 summarizes the characteristics of the
Weak Post Box Beam Barrier.

TABLE H5. 8
Weak Post Box Beam Characteristics

Characteristics

Design Deflection 1.5m
Installatlc?n height 735 mm
(top of rail)

Pemgn t.olerarfce of 195 mm
installation height

Minimum length? 100 m

Flat shoulders or

Pl t
acemen slopes 10:1 or flatter

See restrictions in

Combination with Curb Section H4.3

1. Does not include length of end treatment.

Restrictions
With the exception of the curb restrictions as

outlined in Section H4.3, there are no
restrictions for the Weak Post Box Beam Barriers.

End Treatments

Both NCHRP Report 350-approved TL-3 end
treatments and non-NCHRP Report 350-

approved end treatments are currently used in
Alberta:

e  Bursting Energy Absorbing Terminal (TL-3
end treatment).

The Turn Down end treatment is no longer
acceptable for new installations or replacement
of existing ends. Refer to Section H3.2.3.1 for
more information.

Additional information on each end treatment is
provided in Section Hé.
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Transitions

The Weak Post Box Beam Barrier may be
attached to a bridge railing using a transition.
Standard drawings are available on INFTRA’s
website. This is also shown on standard drawing
TEB 3.41.

In any transition installation, the systems are
generally not physically connected to one
another due to the different configuration of the
Weak Post Box Beam to other systems. The main
principle in this kind of transition is to establish
sufficient overlap between the two systems so
that the impacting vehicle cannot penetrate one
system without engaging the other.

Maintenance Requirements

Typically the barrier should be inspected every
two years to confirm the system is in working
order. Maintenance inspections activities would
typically include checking the following;:

e barrier height

e vertical plumb (layback) of post
e deformation of beam element

e beam and post condition.
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H5.5.4 Strong Post W-Beam

The Strong Post W-Beam Barrier is a
non-proprietary, semi-rigid barrier system
designed to contain and redirect vehicles.

The following three types of the Strong Post
W-Beam Barrier systems are available:

e steel post design
e wood post design
e plastic post design.

The steel post design requires W150 x 14 x
1830 mm steel posts without soil resistance plate.

The wood post design uses 152 mm x 203 mm x
1830 mm wood posts.

The plastic post is a proprietary product of
Amity Plastics Limited of Clyde, Alberta, and
uses recycled plastic materials. The length of a
plastic post is also 1830 mm.

Appendix B1 provides the standard drawings
for the Strong Post W-Beam Barrier System.

Table H5.9 summarizes the characteristics of the
Strong Post W-Beam Barrier.

TABLE H5.9
Strong Post W-Beam Characteristics

Characteristics

Design Deflection

¢ Plastic Post 1.5m

e Wood or Steel Post 0.9m
Installation helght 550 mm
(centre of rail)

Design tolerance of

installation height +75 mm
Minimum length 50 m
Placement Flat shoulders or

slopes 10:1 or flatter

See restrictions in

Combination with Curb Section H4.3

Restrictions

Strong Post W-Beam Barrier with w-beam
guardrail fastened on one side of the post only,
should not be installed in the median unless the
median width is wider than the required
Desirable Clear Zone such that the back of
barrier system will be outside of the Desirable
Clear Zone for the opposite direction.
Otherwise, placing spacer blocks and w-beam
guardrail on both sides of the post may be used
for median applications.

For restrictions when installed in conjunction
with curb, refer to Section H4.3.

In addition to the general restrictions, plastic
posts should not be used:

e ina transition area between a roadway
barrier system and a bridge rail system

e as part of a proprietary end treatment such
as CAT-350.

Plastic posts may be used in advance of the
transition area between the roadway barrier
system and bridge rail system but they need to
be transitioned to a wood or steel post system
prior to this area. Plastic posts are not allowed
within the transition and connection to bridge
ends.
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Only wood or plastic spacers are acceptable with
W-Beam barriers. Steel spacers should not be
used.

End Treatments

Both NCHRP Report 350-approved TL-3 end
treatments and non-NCHRP Report 350-

approved end treatments are currently used in
Alberta.

For non-NCHRP Report 350-approved end
treatments, the following products are available:

e Turn Down
e Wing End.

The Turn Down end treatment is no longer
acceptable for new installations or replacement
of existing ends. Refer to Section H3.2.3.1 for
more information.

Wing End treatments may be used for the
downstream of systems on divided highways
where the end of the system is beyond the
Desirable Clear Zone distance for opposing
traffic.

For NCHRP Report 350-approved TL-3 end
treatments, the following products are available:

Flared Energy Absorbing Terminal (FLEAT)
e ET-Plus

FLEAT-MT (for median end treatment)
CAT-350.

When a TL-3 end treatment is required, the
FLEAT and FLEAT-MT end treatments are
preferred for roadside and median applications
respectively.

Additional information for each of the end
treatments is provided in Section Hé.

Transitions

Strong Post W-Beam Barrier may be connected
to rigid barrier systems by first transitioning to a
Modified Thrie Beam Barrier. The design must

provide a smooth, progressively stiffened
transition that will prevent vehicle snagging,
pocketing or penetration. The transition section
should be of sufficient length to prevent
significant changes in deflection within a short
distance. No gaps or discontinuities are
permitted between the approach barrier system
and the rigid element.

Transitioning Strong Post W-Beam Barrier to
Modified Thrie Beam Barrier is accomplished as
shown on standard drawing RDG-B5.5 in
Appendix B5.

For transitioning Strong Post W-Beam Barrier to
a rigid barrier system such as a concrete barrier,
an intermediate transition to Thrie Beam Barrier
is required to ensure a gradual increase in
barrier stiffness. For Cast-In-Place Single Slope
Concrete Barrier, the intermediate transition is
shown on standard drawing RDG-B6.15 in
Appendix Bé6.

When the rigid barrier system consists of Precast
Concrete Safety Shape Barriers such as F-Shape
Barriers or New Jersey Barriers, the orientation
of the Thrie Beam panels must be kept in the
vertical plane. Twisting the Thrie Beam panels to
mount flush on the inclined face of a safety
shape barrier is not permitted.

When the flow of traffic is bidirectional, the
Thrie Beam Barrier must be connected to a
transition section of concrete barrier that meets
the following criteria:

e The end of the concrete barrier is
transitioned to a vertical profile.

e A 460 mm long x 110 mm deep recessed
wedge is provided at the end of the
transition to mitigate wheel snagging
(refer to standard drawing RDG-B6.13 in
Appendix B6 for details).

e  The horizontal flare along the top of the
barrier is maintained at 20(min):1.
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When the flow of traffic is unidirectional, a
transition in the safety shape concrete barrier to
a vertical face is not required however the Thrie
Beam panels must still be orientated in the
vertical plane.

Regardless of whether the flow of traffic is
unidirectional or bidirectional, the Thrie Beam
Barrier must be mechanically anchored to the
Safety Shape Precast Concrete Barrier using a
fully anchored Thrie Beam terminal connector.
This requirement is illustrated in the standard
drawing RDG-B6.13 in Appendix Bé6.

The transition from a Strong Post W-Beam
Barrier to a High Tension Cable Barrier requires
overlapping of the two systems. This is because
significant differences in the deflection
characteristics of the two elements may cause
vehicle pocketing or snagging, and potentially
result in severe collisions. A crashworthy
transition between Strong Post W-Beam Barrier
and High Tension Cable Barrier is illustrated on
Standard Plan C-3d (2 sheets) from the
Washington Department of Transportation.
These drawings are available on the Washington
DOT website.

Road Systems Inc., a proprietary supplier of
guardrail end treatments, has also developed a
similar transition that has been crash tested to
NCHRP TL-3. Details of this transition are
available on their website.

In situations where Strong Post W-Beam Barrier
is transitioned to Alberta Weak Post W-Beam
Barrier, the connection is made as shown on
standard drawing RDG-B1.9.

Approach Rail at Intersections

Where guardrail length of need is interrupted
due to an access, a short radius guardrail option
may be used for various radii at intersections.
Refer to the following drawings for further
information:

e RDG-B1.13 - 90 Degree Short Radius
Guardrail

e 5-1815-17 - TL-2 W-Beam Guardrail
Approach Rail at Intersection Details
(found in the Bridge Barrier Standard
and Typical Detail Drawings)

e TEB 3.54 - W-Beam Guardrail
Specifications for Curved Rails

Maintenance Requirements

Typically the barrier should be inspected every
two years to confirm the system is in working
order.

Maintenance inspections activities would
typically include checking the following;:

e barrier height

e vertical plumb (layback) of post
e deformation of beam element

e beam and post condition.
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H5.5.5 Modified Thrie Beam

Modified Thrie Beam Barrier is a
non-proprietary, semi-rigid barrier system
designed to contain and redirect vehicles.

The Modified Thrie Beam Barrier system is
available only with steel post design. This design
uses W150 x 13.5 x 2.06 m steel posts without soil
resistance plates.

Appendix B5 provides the standard drawings
for the Modified Thrie Beam Barrier System.

Table H5.10 summarizes the characteristics of
the Modified Thrie Beam Barrier.

TABLE H5.10
Modified Thrie Beam Characteristics

Characteristics

600 mm (as TL-3 system)!

Design Deflection 900 mm (as TL-4 system)

Installatl(?n height 890 mm
(top of rail)

Pemgn t.oleran.ce of 150 mm
installation height

Minimum length 50 m

Flat shoulders or slopes

Placement 10:1 or flatter

See restrictions in Section

Combination with Curb H43

! Note: TL-3 is for standard thrie beam (mid-height of rail
set 550 mm above pavement).

The design deflection of 0.9 m is based on the
crash test using 9,100 kg and 14,500 kg school
buses. The actual design deflection using an
8,000 kg single unit truck, as required under
NCHRP Report 350 for TL-4 testing, is expected
to be less.

For design purposes, a design deflection of 0.9 m
should be assumed unless proven otherwise by
crash testing.

Restrictions

Typically, the Modified Thrie Beam Barrier
(MTBB) with thrie beam guardrail fastened on
one side of the post only, should not be installed
in the median unless the median width is wider
than the required Desirable Clear Zone such that
the back of the barrier system will be outside of
the Desirable Clear Zone for the opposite
direction. Otherwise, placing spacer blocks and
thrie beam guardrail on both sides of the post
may be used for median applications. In
addition, MTBB may also be used for a short
segment for an overland flow route or flood
plain instead of a concrete barrier to provide
flood relief during a major storm event.

For restriction when installed in conjunction
with curb, refer to Section H4.3.

End Treatments

Both NCHRP Report 350-approved TL-3 end
treatments and non-NCHRP Report 350-

approved end treatments are currently used in
Alberta.

For non-NCHRP Report 350-approved
application, the Wing End for leaving end only
on divided highway may be used where the end
of the system is beyond the Desirable Clear Zone
distance for opposing traffic.

End treatments are not designed for direct
connection to the Modified Thrie Beam Barrier
system. Transition to a Strong Post W-Beam
system prior to installation of end treatment is

H5-40

ROADSIDE AND MEDIAN BARRIER SYSTEMS




Alberta Transportation
Roadside Design Guide

February 2012

required. This is illustrated in standard drawing
RDG-B5.5 in Appendix B5.

For NCHRP Report 350-approved TL-3 end
treatments, the following products are available:

e Flared Energy Absorbing Terminal (FLEAT)
e ET-Plus

e FLEAT-MT (for median end treatment)

e CAT-350.

The FLEAT and FLEAT-MT end treatments are
preferred for roadside and median applications,
respectively.

Additional information on each of the end
treatments is provided in Section Heé.

Transitions

Modified Thrie Beam Barrier may connect
directly to rigid barrier systems, as well as to
structures such as concrete bridge barriers and to
concrete parapets at the ends of vertical bar/
horizontal rail type bridgerails. The design goal
for this connection is to maintain a smooth,
progressively stiffened transition that will
prevent vehicle snagging, pocketing or
penetration. This is accomplished by using two
layers of 2.7 mm thick Thrie Beam panels as well
as gradually reducing the Thrie Beam post
spacing as the Thrie Beam Barrier approaches
the rigid barrier system. The essence of this
standard transition is captured in the bridge
approach rail transition for the PL-2 Single Slope
Concrete Bridge Barrier as shown on standard
drawings S-1650-00 and S-1651-00.

The design must provide a gradual increase in
stiffness from the standard section of the barrier
to the rigid barrier system being connected. The
transition section should also be of sufficient
length to prevent significant changes in
deflection within a short distance. No gaps or
discontinuities are allowed between the
approach barrier system and the rigid element.

When transitioning to a more flexible barrier
system where the flow of traffic is unidirectional
and the barrier falls within the Clear Zone, the
Modified Thrie Beam Barrier may be connected
directly to the more flexible barrier system
without a gradual transition in stiffness,
provided that the more flexible barrier system is
downstream of the Modified Thrie Beam Barrier.
When the flow of traffic is bidirectional, a
gradual transition in stiffness is required for the
reasons noted previously. A description of the
transition to Strong Post W-Beam Barrier or
Alberta Weak Post W-Beam Barrier may be
found under the “Transitions” subheading for
these corresponding barriers presented earlier in
Section H5.

Maintenance Requirements

Typically, the barrier should be inspected at least
every two years to confirm the system is in
working order.

Maintenance inspection activities would
typically include checking the following;:

e barrier height

e vertical plumb (layback) of post
e deformation of beam element

e beam and post condition.
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H5.5.6 Cast-In-Place or Extruded
Concrete Barrier

Cast-In-Place Concrete Barrier systems are rigid
and designed to redirect vehicles. These are the
least forgiving of all barrier systems and
therefore often result in more severe crashes.

In general, three types of Concrete Barrier may
be used:

e  Extruded

e Cast-in-place

e  Precast (generally only Single Slope or
F-Shape, as discussed in Section H5.5.7, are
available)

In general, where a concrete barrier system has
been chosen, a cast-in-place or extruded system
is preferred over a precast system due to
aesthetics and better performance in crashes
especially for larger vehicles.

Concrete Barriers may vary in shape and height.

Barrier shapes include:

e Single Slope concrete barrier

e F-Shape concrete barrier

e  Vertical wall concrete barrier

e New Jersey Shape concrete barrier.

These barrier systems are noted as follows:

TABLE H5.11
Test Level (TL) Rating of Cast-in-place or Extruded
Concrete Barriers

Barrier Barrier Tvoe Test Level
Height yp (TL)
Single Slope TL-4
Vertical Wall TL-4
810 mm
F-Shape TL-4
New Jersey Shape TL-4
Single Slope TL-5
1070 mm 8 P
Vertical Wall TL-5
TABLE H5.12
Test Level (TL) Rating of Precast Concrete Barriers
Barrier Barrier Tvoe Test Level
Height yp (TL)
All All TL-3

The Single Slope concrete barrier is the preferred
shape because of its compatibility with bridge
barrier systems and the ability to accommodate
future pavement overlays without adjusting the
barrier, provided that the minimum effective
barrier height is maintained.

F-Shape and New Jersey shape barriers should
only be used to replace short segments or to tie
into existing F-Shape and New Jersey barriers.

Embedding precast concrete barrier systems into
the roadway surface may be done to improve
barrier stability and reduce barrier deflection.

Appendix B6 provides the standard drawings
for Cast-in-Place or Extruded Concrete Barrier
System.

Table H5.13 summarizes the characteristics of
Concrete Barriers.
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TABLE H5.13
Cast-In-Place Concrete Barrier Characteristics

Characteristics

Design Deflection 0 mm
810 mm or 1070 mm
(Single Slope and Vertical
Installation height Wall)
(top of barrier)
P 810 mm

(E-Shape and New Jersey)

Design tolerance of

+25
installation height mm
Minimum length 30 m
Flat shoulders or slopes
10:1 or flatter in front of
Placement and a minimum distance
acetne of 0.5 m behind the
system to ensure system
stability
Combination with See restrictions in
Curb Section H4.3
Restrictions

Concrete Barriers should not be installed under
the following conditions:

e where potential flooding of the highway
may occur

For restriction when installed in conjunction
with curb, refer to Section H4.3.

End Treatments

For non-NCHRP Report 350-approved end
treatments when posted speed is less than or
equal to 60 km/h, the Flared and Tapered Down
end treatment should be used. This treatment is
illustrated in Appendix B6.

For NCHRP Report 350-approved TL-3 end
treatment, the following products are available:

e TRACC
e CAT-350
e  QuadGuard.

The TRACC and CAT-350 systems are the
preferred end treatments for lower volume
highways with AADT < 50,000 vpd where
system hits are less likely to occur.

The QuadGuard system is preferred for higher
volume highways with AADT > 50,000 vpd.

Additional information on each of the end
treatments is provided in Section He.

Transitions

Concrete Barriers may only be transitioned
directly to semi-rigid and other rigid barrier
systems.

Maintenance Requirements

Concrete Barriers generally require minimal
maintenance once the system is installed.

Inspection of the barrier system is not generally
necessary unless significant spalling or cracking
of the concrete has been identified that may
compromise the integrity of the system.
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H5.5.7 Precast Concrete Barrier

A Precast Concrete Barrier is a portable
segmented barrier system used primarily during
construction.

Single Slope and F-Shape Precast Concrete
Barriers are the systems currently approved for
use in Alberta.

Precast Concrete Barriers may be considered for
permanent installations if a TL-3 barrier is
acceptable and the barrier needs to be moved in
the near future. It may be more cost effective to
provide precast concrete barriers when
additional construction is anticipated within the
next few years or when median crossovers or
lane shifts in the median are required during
construction.

Precast Concrete Barrier as a permanent
installation may be embedded 50 mm into the
pavement to minimize design deflection.

Appendix B4 provides available standard
drawings for the Precast Concrete Barrier
System.

Table H5.14 summarizes the characteristics of
Precast Concrete Barriers.

TABLE H5.14
Precast Concrete Barrier Characteristics

Characteristics

Design Deflection

1.8 m (Unanchored)
75 mm to 900 mm
(Anchored) *

Design Performance

TL-3

Installation height
(top of barrier)

810 mm

Design tolerance of
installation height

No restriction

Minimum length

45 m

Placement

Flat shoulders or slopes
10:1 or flatter

Combination with
Curb

See restrictions in
Section H4.3

* Design deflection for anchored systems depends on the
method of anchoring. Refer to standard drawing
CB6 4.2M 16 for design deflection values based on

various anchoring methods.

Restrictions

Precast Concrete Barriers should not be installed
under the following conditions:

e horizontal curves with a radius less than

45 m

e asa permanent installation where potential
tflooding of the highway may occur

For restriction when installed in conjunction
with curb, refer to Section H4.3.

End Treatments

The currently available end treatment is the
Sand Barrel Cushion System for temporary
installations. This system is approved under
NCHRP Report 350 as a TL-3 end treatment.

For permanent installations, the same end
treatments as for Cast-in-Place or Extruded
Concrete Barriers can be used, provided that the
precast concrete barrier is sufficiently anchored
as per the requirements of the proprietary end

treatment system.
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For non-NCHRP Report 350-approved end
treatments when posted speed is less than or
equal to 60 km/h, the Flared and Tapered Down
end treatment should be used.

For NCHRP Report 350 approved TL-3 end
treatments, the following products are available:

e TRACC
e CAT-350
e  QuadGuard.

The TRACC and CAT-350 systems are preferred
for lower volume highways with AADT < 50,000
vpd where system hits are less likely to occur.

The QuadGuard system is preferred for higher
volume highways with AADT > 50,000 vpd.

Additional information on each of the end
treatment is provided in Section He.

Transitions

Precast Concrete Barriers may only be
transitioned directly to semi-rigid and other
rigid barrier systems.

Maintenance Requirements

Typically the barrier should be inspected every
construction season to confirm the system is in
good working order.

Precast Concrete Barriers generally require some
maintenance to ensure the system is functioning

properly.
Maintenance inspection activities would
typically include checking the following;:

e connections between concrete barrier
segments

e alignment of the barrier

e condition of the barrier (especially cracking,
or damage from traffic or construction
equipment).

The potential shifting of the barrier can be
minimized if the barrier system is embedded.
This will give a smoother line, reducing the
chances of snagging at a joint and therefore,
reducing the overall crash severity. This will also
reduce the inspection effort associated with
barrier alignment.
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