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Chapter 7
Bridge Railings and Transitions

7.0 OVERVIEW

A bridge railing is a longitudinal barrier intended to pre-
vent a vehicle from running off the edge of a bridge or
culvert. Normally they are constructed of a metal or con-
crete post and railing system, a concrete safety shape, or
a combination of metal and concrete. Most bridge railings
differ from roadside barriers in that bridge railings are an
integral part of the structure (physically connected) and
are usually designed to have virtually no deflection when
struck by an errant vehicle.

This chapter summarizes the performance and struc-
tural requirements for bridge railings and presents ex-
amples of each of the six test levels defined in NCHRP
Report 350 (1) for longitudinal barriers. It also addresses
selection and placement guidelines for new construction
and inctudes examples of some typical retrofit designs for
older bridges having substandard railings. Finally, it ad-
dresses bridge railings and roadside barriers as a com-
plete systemn and provides general information on appro-
priate transition sections between the two barrier types.

The information presented here is intended onty to
summarize selected sections of the current AASHTO Sran-
dard Specifications for Highway Bridges (2) and the
AASHTO LRFD Bridge Design Specifications (3). Detailed
information on analytic design procedures, design load-
ings, and materials specifications can be found in those
documents.

7.1 PERFORMANCE REQUIREMENTS

The AASHTO Standard Specifications for Highway
Bridges requires that bridge railings meet specific geo-
metric criteria and be capable of resisting applied static
loads without exceeding allowable stresses in any of their

component members. These specifications do not pres-
ently mandate that a bridge railing designed to AASHTO
standards be crash tested prior to its use. However, the
Federal Highway Administration (FHWA) requires all
bridge railings used on the National Highway System to
be a crash-tested design.

The AASHTO LRFD Bridge Design Specifications pro-
vide the most current guidance regarding pertormance
requirements for railings for new bridges and for rehabili-
tated bridges to the extent that railing replacement is de-
termined to be appropriate. NCHRP Report 350 crash test
criteria were used to develop the design criteria contained
in the AASHTO LRFD Bridge Design Specifications.

Existing bridge railings designed to criteria contained
in the AASHTO Standard Specifications for Highway
Bridges and that may have been crash tested under previ-
ous guidelines may be acceptable for use on new or re-
construction projects through evaluation of their in-ser-
vice performance. For existing bridge rails, individual states
should develop a guideline for retention, upgrading, or
both retention and upgrading of the in-place rails based
on a safe, cost-effective approach. See Section 7.7, Up-
grading of Bridge Railings, for additional guidance.

7.2 WARRANTS

Virtually all structures require some type of railing; how-
ever, on many small structures on low-speed, low-volume
roadways, a railing designed to full AASHTO standards
may be neither necessary nor desirable. A rigid railing
requires approach guardrail and a transition section be-
tween barrier types. This full treatment may not be cost-
effective on bridge-length culverts, and alternate treat-
ments should be considered. Such treatments could in-
clude extending the structure and leaving the edges
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unshielded or using a less expensive, semi-rigid type
railing.

‘The owner should develop the warrants for the bridge
site. A bridge railing should be chosen to satisfy the con-
cerns of the warrants as completely as possible and prac-
tical. Refer to Section 13 of the AASHTO LRFD Bridge
Design Specifications for guidance in the development of
warrants.

When a bridge also serves pedestrians, cyclists, or
both, a barrier to shield them from vehicular traffic may be
warranted. The need for a pedestrian or cyclist railing
should be based on the volume and speed of roadway
traffic, the number of pedestrians or cyclists using the
bridge, and conditions on either end of the structure.

7.3 TEST LEVEL SELECTION PROCEDURES

As with other traffic barriers, the current design criteria
for bridge railings relate primarily to standard size auto-
mobiles and pickup trucks and result in the selection of a
design meeting NCHRP Report 350, TL-3. Test require-
ments are the same for a bridge rail as those for a longitu-
dinal barrier as described in Chapter 5.

Several state highway agencies and the FHWA have
recognized that it may be desirable in certain situations to
design and install railings which can contain and redirect
heavy vehicles such as buses and trucks. Although pen-
etration of any railing by a vehicle is potentially hazard-
ous to its occupants, locations where vehicular penetra-
tion of a railing system could be particularly hazardous to
others as well should be given careful evaluation before
deciding on the type of railing to install.

A second concern that must be considered in selecting
ahigh-performance railing is its effective height, A railing
may have adequate strength to prevent physical penetra-
tion, but uniess it also has adequate height, an impacting
vehicle or its cargo may roll over the railing or may roll
onto its side away from the railing after redirection.

In addition, the shape of the face of the railing will have
a significant effect on its performance. Various safety
shapes have been successfully tested according to
NCHRP Report 350 criteria. However, a safety-shape con-
crete railing can cause a large vehicle to roll up to 24 de-
grees before it contacts the upper edge of the railing. Thus,
a vertical face may be more desirable whenever heavy
vehicle rollover is a primary concern.

At the other extreme, some bridges carry only low traf-
fic volumes at greatly reduced speeds. Bridge railings for
these and similar structures may not need to be designed
to the same performance level as railings to be used on
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high-speed, high-volume facilities. Section 5.3 lists the
subjective factors most often considered in the selection
of an appropriate test level for traffic barriers, including
bridge railings, at a specific location.

7.4 CRASH-TESTED RAILINGS

In the past, crash test matrices for bridge railings have
differed from those used for other longitudinal barriers.
All new tests for bridge railings should be in accordance
with the guidelines in NCHRP Report 350. The FHWA
maintains a listing of designs that have recently been
tested to one of the test levels detined in NCHRP Report
350 and of designs previcusly tested under earlier guide-
lines that have been assigned an NCHRP Report 350
equivalent test level.

For illustrative purposes, this section contains photo-
graphs and brief descriptions of some of the bridge rail-
ings that have beer: successfully crash tested to one of
the six test levels defined in NCHRP Report 350. A com-
plete list of crash-tested bridge railings may be obtained
from the FHWA’s Office of Highway Safety through
its web site: http://safety.fhwa.dot.gov/programs/
roadside_hardware htm.

7.4.1 Test Level 1 Bridge Railings

Since TL-1 designs are tested at impact speeds of only
50 km/h [30 mph], TL-1 bridge railings are not very practi-
cal because operating speeds nearly always exceed that
level. As a result, there have been almost no bridge rail-
ings designed and tested to TL-1. The U.S. Forest Service
has done some testing on timber railings for low-speed
situations, but most of that effort has been directed to-
wards TL-2 or higher designs.

7.4.2 Test Level 2 Bridge Railings

The side-mounted, thrie-beam bridge railing shown in Fig-
ure 7.1 is unique because it is presently the only non-rigid
bridge railing that has been successfully crash tested to
meet the lower service level performance criteria inchaded
in NCHRP Report 230 (4). Intended primarily for vse on
lower volume secondary roads, the thrie-beam system
consists of a thrie-beam rail element, the center of which is
mounted 550 mm [22 in.] above the deck on wood or steel
posts. Since the thrie-beam railing is designed to deflect
on impact, an approach rail transition is not needed be-
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FIGURE 7.1 Side-mounted, thrie-beam bridge railing

cause there is not a hard point in the system. Tests with
compact and full-sized automobiles at impact speeds of
100 km/h [60 mph] and impact angles of 15 degrees re-
sulted in smooth redirection and no evidence of snag-
ging. A 9000 kg [20,000 1b] school bus mmpacting at 70
km/h [45 mph] and at a 7-degree angle resalted in similar
performance.

Although not tested to NCHRP Report 350 criteria, the
side-mounted, thrie-beam bridge railing is considered
equivalent to a TL-2 design. Primary advantages to using
this system include its relative simplicity and low cost.
The post attachment detail is designed to yield on impact
rather than cause damage to the bridge deck. Thus, the
thrie-beam railing is significantly more forgiving than a
rigid design and is likely to be easier to repair after a hit.

7.4.3 Test Level 3 Bridge Railings

The Wyoming Two-Tube Bridge Railing, shown in Figure
7.2, consists of two hotizontal rail elements of TS 152 mm
x 51 mm x 6.4 mm {6 in. x 2 in. x '/, in.] structural steel
supported by fabricated steel plate posts on 3 m [10 fi]
centers. The height to the top of the upper raif is 740 mm
[29 in.} and the height to the bottom of the lower rail is

405 mm [16 in.]. The faces of the rail elements are flush
with the 150 mm [6 in.] concrete curb on which the posts
are mounted. This design was tested to NCHRP Report
350, TL-3. A similar design using larger steel tube rail ele-
ments and support posts was successfully tested to TL-4.
Transition designs from a standard box beam approach
rail to both of these bridge rail designs have been tested
toTL-3.

7.4.4 Test Level 4 Bridge Railings

There are several bridge railings that have been tested
successfully with a single-unit truck impacting at 80 kin/h
[50 mph] and at 15-degree angle. Four representative TL-4
designs are described in the next subsections,

7.4.4.1 Solid Concrete Bridge Railings
All of the current solid concrete barriers (New Jersey shape
and F-shape, single slope and vertical wall) are consid-

ered to be TL-4 bridge railings when adequately reinforced
and built to a minimum height of 810 mm [32 in.].
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FIGURE 7.2 Wyoming two-tube bridge railing

7.4.4.2 Massachusetts $3 Steel Bridge Railing

The 83 Steel Bridge Railing, shown in Figure 7.3, is abeam
and post system consisting of three tubular steel rail ele-
ments on W150 x 37 [W6 x 25] posts mounted flush on the
outside edge of a stdewalk, as shown, or directly on a 200
mm [8 in.] curb when no sidewalk is present. The top rail
elementisa TS 127 mm x 102 mm x 6.4 mm [5 in, x 4 in.
x !/, in.] steel tube, the top of which is 1082 mm [42'/,in.]
above the deck. The lower two railings are TS 127 mm x
127mm x 6.4 mm{Sin. x 5in. x '/, in.] steel tubes centered
380 mm [15 in.j and 710 mm [28 in.] above the deck, respec-
tively. The 83 Railing also includes 38 mm x 38 mm x 1.6 mm
[1Y/, in.x 1!/, in. x ¥/, in.] “pickets” bolted to the back of
the rail elements on 150 mm [6 in.] centers. These steel
tubes satisfy AASHTO pedestrian rail geometrics and
provide an aesthetic look to the bridge rail.

7.4.4.3 Wyoming Two-Tube Bridge Railing

A version of the Wyoming Two-Tube Bridge Railing as
described in Section 7.4.3 and shown in Figure 7.2 was
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tested to TL-4 criteria. This design consists of two hori-
zontal rail elements supported by fabricated steel plate
posts on 3 m [10 ft] centers. The top rail element is a TS
152mm x 102 mm x 6.4 mm [6in. x 4in. x '/, in.] structural
steel tube. The bottom rail element isa TS 152 mm x 76 min
x64mm[6m x3in. x 1/4 in.] structural steel tube, The
height to the top of the upper rail is 830 mm [33 in.] and
the height to the bottom of the lower railis 480 mm (19 in.].
The face of the rail elements are flush with the 150 mm
[6 in.} high concrete curb on which the posts are mounted.

7.4.4.4 BR27C

The BR27C, shown in Figure 7.4, is designed to be either
sidewalk mounted on a 1.5 m {5 ft] sidewalk with a 200 mm
[8 in.] curb or flush mounted on a bridge deck. The total
rail height is 1067 mm [42 in.}. The lower portion of the
railing consists of a 610 mm [24 in.} high concrete parapet
that is a constant 250 mm [10in.] thick. The upper portion
of the railing consists of TS 102 mm x 102 mm x 4.8 mm
[4in.x4in. x 3/min.} AS500 grade B structural tubing used
as vertical posts spaced at 2 m [6.5 ft] centers. One TS
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FIGURE 7.3 Massachusetts S3 steel bridge railing
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FIGURE 7.4 BR27C on sidewalk
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FIGURE 7.5 Tail concrete safety-shape railing

102 mm x 76 mim x 6.4 mm [4in. x 3 in. x '/, in.{ structural tube
is used as a horizontal rail element mounted to each post
with splices at low moment areas.

7.4.5 Test Level 5 Bridge Railings

All of the current solid concrete barriers (New Jersey and
F-shapes, single-slope, and vertical wall) are considered
to be TL-5 bridge railings when adequately reinforced and
built to a minimum height of 1070 mm [42 in.]. The concrete
safety shape shown in Figure 7.5 is one of the most com-
moen bridge railings used on new construction. Identical
to concrete median barrier in the shape of its front face,
the architectural treatment of the outside face may vary
considerably, depending upon its location. Reinforcing of
the shape when it is used as a bridge railing is significant.
The concrete barrier requires virtually no maintenance for
most hits.
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7.4.6 Test Level 6 Bridge Railings

The Texas Type TT (Tank Truck) shown in Figure 7.6 is an
extremely strong barrier railing that successtully contained
and redirected a 36000 kg [80,000 1b] tractor-tank trailer
impacting the barrier at 80 kmv/h [50 mph} at an angle of 15
degrees. This railing is warranted for use in only the most
rare situations. The railing as tested consists of a very
heavily reinforced and widened concrete safety shape with
a massively reinforced continuows concrete member and
post. Total railing height is 2290 mm [90 in.]. Although
designed and tested as a bridge railing, this cross-section
has also been used as a longitudinal barrier in some loca-
tions,

7.5 SELECTION GUIDELINES

There are five factors that should be considered in select-
ing a bridge railing: performance, compatibility, cost, field
experience, and aesthetics. Despite the relative importance
placed on these factors, the capability of a railing to con-
tain and redirect the design vehicle should never be com-
promised.
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FIGURE 7.6 Texas Type TT (Tank Truck) railing

7.5.1 Railing Performance

Generally, all bridge railings designed in accordance with
AASHTO specifications since 1964 have adequate
strength to prevent penetration by passenger cars. Many
of these railings also provide smooth redirection, although
full-scale crash testing has revealed poor performance in
some railing designs. Post-crash evaluation of some of
the failed systems revealed a lack of design capacity in a
detail (such as base plate thickness or a post-to-base plate
connection) that adversely affected the capacity of the
railing. Bridge railings designed to the current AASHTO
LRFD Bridge Design Specifications and crash tested to
NCHRP Report 350 will provide the best performance.

7.5.2 Compatibility

When the approach roadside barricr significantly differs
in strength, height, and detlection characteristics from a
bridge railing, a crashworthy transition section, as de-
fined in Section 7.8, is required. It is imporiant to consider
the selected bridge railing as a part of the total roadside
barrier system that must function effectively as & unit. For

urban/suburban roadways with speeds of 70 km/h {45 mph]
or less and with continuous raised sidewalks on and off
the bridge, bridge rail end treatments and stiffened transi-
tions may not be warranted.

7.5.3 Costs

Costs generally fall into one of three categories: initial
construction costs, long-term maintenance costs, and
costs resulting from vehicle impacts with the railing, As a
general rule, the initial cost of a system increases as its
rigidity and strength increases, but it seldom becomes a
significant portion of the total bridge construction cost
except in the case of extremely long bridges or when a
high-performance railing is used. In this case, the railing-
to-bridge-deck anchorage requirements may significantly
increase the total cost of the structure. This would be
particularly true for a high-performance concrete railing
that adds considerable dead load to the bridge.
Maintenance costs generally decrease significantly as
the strength of railing increases. Some high-performance
railings can be essentially maintenance-free unless they
are struck by heavy vehicles. Railing designs that are sus-
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ceptible to impact damage should be standardized to the
extent possible so that the availability of replacement parts
does not become a major problem. Railings that eliminate
or minimize bridge deck damage are very desirable from a
maintenance viewpoint.

Crash costs include both damages to vehicles and in-
Jury costs to motorists. Generally, more damage is inflicted
upon the impacting vehicle and its occupants when the
railing is hit if the vehicle is not redirected.

7.5.4 Field Experience

Itis important that the in-service performance of any bridge
railing that is widely used be evaluated to see if it is work-
ing as intended. By reviewing crashes involving bridge
railings where available and by documenting damage and
repair costs, highway agency personnel can readily deter-
mine if a specific design is performing well or if changes
could be made to improve railing performance or signifi-
cantly decrease repair costs.

7.5.5 Aesthetics

While there is no question that an aesthetic bridge railing
may be particularly important in scenic areas or along park
roads, the safety performance of a railing must not be
sacrificed. Some rustic appearing railings have been
developed and crash tested to be both effective and ac-
ceptable in appearance. Any non-standard bridge railing
designed primarily for appearance should be crash tested
before being used.

7.6 PLACEMENT RECOMMENDATIONS

A desirable feature ot a bridge structuare is a full, continu-
ous shoulder so that the uniform clearance to roadside
elements is maintained. However, there are many existing
bridges that are narrower than the approach roadway and
shoulder. When the bridge railing is located within the
recommended shy distance (see Table 5.3}, the approach
railing should have the appropriate flare rate shown in
Table 5.7.

Curbs higher than 200 mm [8 in.] in front of bridge rail-
ings are to be avoided. In low-speed situations with the
bridge railing at the outer edge of the sidewalk, a raised
sidewalk may provide some prolection for pedestrians;
however, a bridge railing between traffic and the sidewalk
affords maximum pedestrian protection. A pedestrian
railing would then be needed at the outer edge of the
sidewalk.
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Terminating the bridge railing requires speciat treat-
ment considerations. Wherever possible, a crash tested
transition from the approach guardrail should be attached
to the end of the bridge rail. In some restricted, low-speed
situations, a tapered end section paralle! to the roadway
may be used. The taper should be of sufficient length off
the end of the bridge so that an impacting vehicle is ramped
on and over the sloped end treatment before reaching the
outside edge of the structure, yet not extend so far as to
intrude on the sight distance of intersecting streets just
off the end of the bridge. This method of terminating a
railing in low-speed situations is shown in Figure 7.7.

Terminating a bridge railing in rural and high-speed
urban areas also requires special treatment considerations.
Flaring the end section and the sidewalk away from the
roadway is sometimes possible. In instances where this is
not practical, a crash cushion or a section of approach
guardrail parallel to the roadway with a suitable end termi-
nal may be used. The presence of a curb may adversely
affect the performance of this type of end treatment. Ter-
mination using paralle] approach rail with a suitable end
terminal is shown in Figure 7.8.

7.7 UPGRADING OF BRIDGE RAILINGS

This section provides general guidelines for highway
agency personnel responsible for identifying and cosrect-
ing potentially deficient bridge railings.

7.7.1 Identification of Potentially
Deficient Systems

Since the primary purpose of a bridge railing is to prevent
penetration, it must be strong enough to redirect an im-
pacting vehicle. Bridge railings designed to AASHTO
specifications prior to 1964 may not meet current specifi-
cations. Most railings properly designed after 1964, if
tested, will contain and redirect a 2040 kg [4,500 b} pas-
senger car impacting at 100 km/h [60 mph]| at an angle of 25
degrees. If the capacity of a railing appears questionable,
further evatuation should be made to verify critical design
details (such as base plate connections, anchor bolts,
material brittleness, welding details, and reinforcement
development) to ensure that the design meets the intent
of the current specifications.
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FIGURE 7.8 Terminating traffic barrier on bridge with end terminal
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FIGURE 7.9 Inadequate railing strength

Occupant protection is atso of considerable importance
in a crash. Open-faced railings in particular may cause
spagging, which produces high deceleration forces lead-
ing to occupant injuries. This type of deficiency can usu-
ally be detected best through full-scale crash testing or, in
the case of an existing railing, through an analysis of avail-
able crash reports.

A third deficiency in many older railing systems is the
presence of a curb or walkway between the driving lane
and the bridge railing. The curb or the walkway may cause
an impacting vehicle to go over the railing or at least strike
it from an unstable position and subsequently roll over.

Finally, an adequate approach-rail to bridge-rail transi-
ticn is essential as discussed in detail in Section 7.8. Fig-
ures 7.9 through 7.12 illustrate some of the more common
deficiencies found in bridge railings designed before 1964.
The next section identifies corrective measures that can
be taken to improve the performance of these and simi-
larty deficient systems.
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7.7.2 Upgrading Systems

This section discusses only retrofit designs, i.e., changes,
modifications, and additions to existing substandard rail-
imgs that bring these railings up to acceptable performance
levels. These retrofit designs may increase the strength of
the railing, provide longitudinal continuity to the system,
reduce or eliminate undesirable effects of curbs or narrow
walkways in front of the bridge rail, and eliminate snag-
ging potential. A retrofit design should also include an
acceptable transition from the approach rail to the bridge
rail itself,

One of the most common retrofit improvements con-
sists of rebuilding the approach roadside barrier to cur-
rent standards, including a transition section, and con-
tinuing the metal beam rail element across the structure to
provide railing continuity. If the existing bridge has a safety
curb, the retrofit railing can be blocked out to minimize the
possibility of a vehicle ramping over the bridge railing.
However, for most high-speed, high-volume roads, retro-
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FIGURE 7.11 Snagging potential

7-11



Roadside Design Guide

FIGURE 7.12 Presence of brush curb

fit designs should be crash tested before they are used.
The next sections of this chapter provide information on
tested designs that can be used once a determination is
made that retrofitting a substandard bridge railing is a
cost-effective alternative to leaving an existing railing as
is or constructing a new crash-tested railing.

Existing railings that do not meet current standards
may sometimes be left in place until the section of high-
way that includes the bridge is brought to full standards.
Until a complete upgrading is done, each existing railing
should be evaluated to determine the safest and most cost-
effective treatment: retention of the rail, retrofit, or replace-
ment. In general, existing concrete post and open railing
systems that predate 1964 must be replaced or retrofitted.
However, many existing safety curb and parapet railings
are still performing well. Even though they do not meet
current full railing strength, they remain functional be-
cause they can contain and redirect out-of-control ve-
hicles in all but the most severe impacts.

Some specific retrofit concepts that can be adapted to
numerous types of deficient designs are:
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* Concrete retrofit (safety shape or vertical)
*  W-beam/thrie-beam retrofits

* Metal post and beam retrofits

These retrofits are illustrated in Figure 7.13 through
Figure 7.15.

7.7.2.1 Concrete Retrofit (Safety Shape or
Vertical)

The concrete safety shape that is commonly used for new
construction can often be added to an existing substan-
dard bridge railing as an economical retrofit design if the
structure can carry the added dead load and if the existing
curb and railing configuration can meet the anchorage
and impact forces needed for the retrofit barrier. This de-
sign is most cost-effective when the existing railing can
remain in place and does not require extensive modifica-
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FIGURE 7.13 lowa concrete block retrofit bridge railing

tions. Although a vertically faced retrofit can cause refa-
tively high deceleration forces for sharp angle impacts, its
addition to the top of an existing safety curb, as shown in
Figure 7.13, creates an effective barrier. Care must be taken
to avoid a protruding curb that can cause considerable
wheel and suspension system damage and may contrib-
ute to vehicular vaulting in shallow angle impacts.

7.7.2.2 W-Beam/Thrie-Beam Retrofits

An inexpensive, short-term solution to the inadequacies
of bridge railings designed before 1964 is to carry an ap-
proach roadside barrier (W-beam or thrie-beam) #cross
the structure. While this treatment may not bring an exist-
ing bridge railing into full compliance with AASHTO de-
sign criteria, it can significantly improve the impact per-

formance of a substandard railing. This treatment can be
particularly cost-effective on low-volume roadways with
structures having timber railings. Testing done in con-
junction with the development of the side-mounted thrie-
beam bridge railing (see Section 7.4.2) has shown that a
bridge railing can be effective even if it deflects several
feet upon impact. Continuous metal beam rail across a
structure also eliminates one of the major problems of a
bridge-rail/approach-rail transition, i.e., adequate anchor-
age to prevent the approach rail from pulling out on im-
pact. By carrying the approach rail across the bridge, the
only transition design elements that remain critical are
gradual stiffening and elimination of a snagging potential.
These concerns, too, become less critical if the bridge
railing is not totally rigid, as is the case on some timber
bridges. ‘
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FIGURE 7.14 Thrie-beam retrofit (New York}

Both Washington and New York States have success-
fully crash tested thrie-beam retrofits of existing sub-
standard railings. The New York design is shown in
Figure 7.14.

7.7.2.3 Metal Post and Beam Retrofits

A metal post and beam retrofit railing mounted at the curb
edge, such as that shown in Figure 7.15, may be appropri-
ate for use on an existing structure that has a relatively
wide raised walkway. This design functions well as a trat-
fic barrier separating motor vehicles from pedestrians us-
ing a sidewatk across a bridge. In many cases, the existing
bridge railing can be used as, or converted to, a pedes-
trian railing.

The post attachment to the curb or bridge deck can be
designed to withstand the design loads contained in the
current AASHTO LRFD Bridge Design Specifications or
can be a yielding design that eliminates bridge deck dam-
age in high-angle, high-speed impacts. The metal rail ele-
ments should be in line with the face of the curb and spaced
to minimize the likelihood of vehicle intrusion and subse-
quent snagging on the posts,

7.8 TRANSITIONS

A transition section is needed where a semi-rigid approach
barrier joins a rigid bridge railing. Transitions may not be
necessary when bridge railings with some flexibility (such
as the TL-2 bridge rail described in Section 7.4.2) are used.
The transition design should produce a gradual stiffening
of the overall approach protection system so vehicular
pocketing, snagging, or penetration can be reduced or
avolded at any position along the transition. Details of
special importance for transitions are as follows:

* The approach-rail/bridge-rai} splice or connec-
tion must be as strong as the approach rail itself
so it will not fail on impact by pulling out and
allowing a vehicle to strike the end of the bridge
railing. The use of a cast-in-place anchor or
through-bott connection is recommended. The
transition must also be designed to minimize the
likelihood of snagging an errant vehicle, as well
as one from the opposing lane on a two-way fa-
cility.

* Swuong post systems {usually blocked out) or
combination normal post and strong beam sys-
tems can be used on transitions to rigid bridge
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FIGURE 7.15 Metal post and beam retrofit

railings or other rigid objects. These systems
should usually be blocked out from their posts
unless the railing member is of sufficient width to
prevent or reduce snagging 1o an acceptable level.
However, block-outs or railing offsets alone may
not be sufficient to prevent potential snagging
at the immediate upstream end of the rigid bridge
railing. A rubrail may be desirable in some de-
signs using flexible W-beam or box-beam transi-
tion members. Tapering of the rigid bridge railing
end behind the transition members at their con-
nection point may also be desirable, especially
when the approach transition is recessed into
the concrete end of the bridge railing or other
rigid object.

The transition section should be long encugh so
that significant changes in deflection do not oc-

cur within a short distance. Generally, the transi-
tion length shounld be 10 to 12 times the differ-
ence in the lateral deflection of the two systems
in question.

The stiffness of the transition should increase
smoothly and continuously from the less rigid to
the more rigid system. This is usually accom-
plished by decreasing the post spacing, increas-
ing the post size, or doing both, and by strength-
ening the rail element. W-beam or thrie-beam rail
elements are typically strengthened by “nesting”
two rails together.

Drainage features such as curbs, raised inlets,
curb inlets, ditches, or drainage swales, when
constructed in front of barriers, especially in the
transition area, may initiate vehicle instability that

7-15
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Curved Roadside Barrier
(or Impact Attenuator)

Standard Roadside
Barrier

Note: The standard barrier instailation should be introduced as far from the structure as it would te if the
inlersection roadway were nat present. The saction of barrier upstream from the intersection roadway
significantly reducss the risk to a motonst by namowing the angle at which the curved barner or crash
cushion can be hit.

FIGURE 7.16 Possibie solution to intersection side road near bridge

can, in some instances, adversely affect the crash-
worthiness of the transition. However, some tran-
sition designs incorporate a curb to reduce the
probability of a vehicle snagging on the end of a
rigid bridge railing. The slope between the edge
of the driving lane and the barrier should be no
steeper than 1V:10H.

When a minor road or driveway intersects a main road
close to a bridge, it is often difficult to shield the bridge
railing end adequately. The preferred solution is to close
or relocate the intersecting road and install an approach
railing with a standard transition section. If this solution
cannot be done, curved guardrails that were crash tested
to NCHRP Report 230 (4) can be used. An attemnpt should
be made o ensure that errant vehicles do not go behind,
through, or over the barrier. Some sacrifice in the crash-
worthiness of the barrier may be unavoidable in such cir-
cumstances, but the installation should be made as for-
giving as possible. The use of appropriate crash cushions
or other commercially available appurtenances may pro-
vide cost-effective solutions in some cases. Figure 7.16
depicts another possible solution using standard W-beam
barrier that minimizes the risk to a motorist by shielding
most of the object using a separate guardrail run. Because
a motorist may hit the curved section of the rail at a very
high angie, some states use weakened wood posts with-
out offset blocks to support the curved section of rail,
This design results in the posts breaking without signifi-
cant leaning in the soil and permits capture of the impact-
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ing vehicle by the W-beam rail element. This curved guard-
rail design has been tested with 820 kg [ 1,800 1b] and 2040
kg [4,500 1b] passenger cars at 80 knmv/h [50 mph]. There is
no curved guardrail design currently available that has
met all NCHRP Report 350 evaluation criteria.

NCHRP Report 350 recommends that transitions be
designed and crash tested to the test level appropriate for
the intended application. Although the use of W-beam
approach rail with neither an adequate blockout connec-
tion to the bridge rail nor a rubrail is r¢latively common,
recent crash testing has shown that poor results are pro-
duced by allowing an impacting vehicle to snag on the
end of the rigid bridge railing or concrete safety shape or
parapet. These tests have also demonstrated that a more
rigid guardrail transition to the bridge railing is necessary.
This can be accomplished through: reduced post spac-
ing; larger, longer, or both larger and longer posts; stron-
ger rail elements (nested rail); and other special features.

Several new transition designs have been tested and
proven satisfactory in accordance with NCHRP Report
350. Four of these designs are shown in Figures 7.17
through 7.20. The first two show transition details for a
W-beam approach rail to a straight, vertical, concrete rail
or end post and to a concrete safety-shape bridge rail,
respectively. The third shows a thrie-beam transition to a
modified safety-shape bridge railing. The fourth shows a
thrie-beam transition to a curb-mounted steel post and
beam bridge railing. Key design features of all these de-
signs include:

1
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FIGURE 7.17 W-beam transition to vertical concrete rail

FIGURE 7.18 W-beam transition to modified concrete safety shape
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FIGURE 7.20a Thrie-beam transition to curb-mounted steel post and beam bridge railing
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FIGURE 7.20b Thrie-beam transition to curb-mounted steel post and beam bridge railng

¢ larger, longer posts than were used in compa-
rable NCHRP Report 230 (4) designs immediately
adjacent to the parapet;

* nested W-beant or thrie-beam sections (one beam
nested inside the other); and

* rubratil or tapered/flared concrete parapet (to mini-
mize snagging at the bridge end).

Because relatively few transition designs have been
tested to NCHRP Report 350, FHWA has agreed to the
continued use of any transilion design that was accept-
able under NCHRP Report 230 (4) guidelines until October
2002 on the National Highway Systemn. By then, it is an-
ticipated that several NCHRP Report 350 designs will be
available for use.
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solid-faced barrier such as a concrete safety shape is least
likely to cause traumatic injuries to cyclists upon contact,

5.3 PERFORMANCE LEVEL SELECTION
FACTORS

Most roadside barriers were developed, tested, and in-
stalled with the intention of containing and redirecting
passenger vehicles with masses up to 2000 kg [4,400 Ib].
Properly designed and installed barrier systems have
proven to be very effective in reducing the amount of
damage and lessening the severity of personal injuries
when struck by automobiles and similar-sized vehicles at
relatively shallow angles (less than 25 degrees) and at
reasonable impact speeds (less than 110 kmv/h [65 mph]).
However, it has long been understood that barriers de-
signed for cars should not be expected to perform equally
well for larger vehicles, such as buses and trucks. Recog-
nizing this fact, several highway agencies have developed
and used barrier systems capable of redirecting vehicles
as heavy as 36,000-kg {80,000-1b] tractor-trailer combina-
tion trucks. Although objective warrants for the vse of
higher performance traffic barriers do not presently exist,
subjective factors most often considered for new con-
struction or safety upgrading include:

* high percentage of heavy vehicles in traffic
stream,

¢ adverse geometrics, such as sharp curvature,
which are often combined with poor sight dis-

* severe consequences associated with penetra-
tion of a barrier by a large vehicle.

These same factors apply on reconstruction or reha-
bilitation projects but, in these cases, the designer will
usually have the added benefit of past crash history, the
past performance of the systern, and maintenance costs
associated with the existing barrier, In addition, a higher
performance barrier is likely to lessen the severity of fu-
ture crashes or reduce maintenance costs significantly.
Section 5.4 includes information on the size of vehicle for
which each system has been successfully crash tested.

5.4 STRUCTURAL AND SAFETY
CHARACTERISTICS OF ROADSIDE
BARRIERS

This section includes information on the most commonlty
used operational roadside barriers as well as data on se-
lected experimental systems. Separate subsections address
standard sections of roadside barriers and transition sec-
tions. Figure 5.4 graphically depicts each of these ele-
ments for typical installations. Information on the struc-
tural and safety characteristics of each system is presented
in a narrative format, and includes the following informa-
tion:

* a photograph or sketch of the barrier.

* abarrier description showing the main elements
of the barrier and post spacing. Prior to selection

tance, and of a specific barrier system, the designer should
4
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FIGURE 5.4 Definition of roadside barriers
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