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CHAPTER 8

TRAFFIC BARRIE!1S AND FENCING

81 GENERAL

Numerous studies has been made in recent years in an effort to improve highway safety.
National Cooperative Highway Research Program (NCHRP) Report 118, published in 1971,
updated and superseded previous NCHRP reports and extended scope of coverage to all types of
traffic barriers.

In this year. the American Association of State Highway and Transportation Officials
(AASHTO), issued the publication, “Guide for Selecting, Locating and Designing. Traffic Ba-
rriers”’, AASHTO 1977. When ‘“AASHTO Barrier Guide” title appears in Figures and on Tables
of this Chapter, it refers to this publication. ‘

The Department has adopted the recommendations included in the Guide as the design
criteria for selecting, locating and designing traffic barriers in Puerto Rico.

In this chapter free use will be made of the publication in discussing traffic barriers. We
recommend that the Guide be consulted at all times since the Department’s standards and
design criteria are all based in its recommendations.

This chapter is assembled so that it could be used by construction and maintenance
personnel to up-grade existing highway safety environment. The design philosophies included
herein should be carried thru construction and majntenance operation. Deviation of the reco-
mmendations included should only be permitted whenever .accident records for and specific
site indicate a high frequency of severe accidents. In that instance sound engineering judgement
will be used in the determination of the safety measures to be applied.

8—02 PURPOSE

The purpose of this document is to summarize the current state of knowledge and to
present specific design guidelines for highway traffic barriers. The guidelines establish the
conditions which warrant barrier protection, the type of barriers available, their strength, safety
and maintenance characteristics, selection procedures, and how the barriers should be installed
dimensionally or geometrically.

Also presented is a cost-effective selection procedure. This procedure is presented as an
alternate to the more conventional selection procedure. In the conventional procedures, barrier
need is usually based on an evaluation of the relative hazard of the barriers versus the hazard of
the unprotected obstacle. The barrier is warranted if the obstacle is more hazardous to the
motorist than the barrier itself. In the cost-effective procedure, need is based on an evaluation
of the costs associated with the barrier versus the costs associated with the unprotected
obstacle. Initial costs, maintenance costs, and accident costs are included in the evaluation.

For the purpose of this chapter all traffic barriers are classified as one of two basic type,
namely, longitudinal barriers and crash cushions. Longitudinal barriers function primarily by
redirecting errant vehicles. Crash cushions function primarily by decelerating errant vehicles to a
stop. Roadside barriers (guardrails), median barriers, and bridge rails are the three types of
longitudinal barriers.

The ‘procedure in this chapter will have applications to both new and existing roadways.
Consideration should be given to the application of the principles and criteria presented for
reconstruction projects. A survey of existing facilities should be made and substandard condi-
tions should be identified. Unnecessary barriers should be removed, substandard barriers should
be upgraded or replaced with acceptable systems, unproperly located barriers should be re-
located, and, if warranted, barriers should be installed to shield hazardous conditions which
cannot be removed.

81



When an existing substandard guardrail is hit and damaged by a vehicle it shall be replaced
with an operational system.

8—-03 EVALUATION CRITERIA

Various factors may affect the determination of barriers need and, if warranted, the barrier
best suited for the given conditions. Safety requirements, economic constraints, environmental
constraints, and in some cases traffic control constraints are all factors the designer must usually
confront. This chapter addresses primarily the safety requirements and the economic con-
straints.

8—03.01 WARRANTS

All of the warrants are based on the premise that a traffic barrier should be installed only if
it reduces the severity of potential accident. Every effort should be made in the design stage to .
eliminate the need for traffic barriers, since a traffic barrier is in itself a hazard. If it is judged
that a guardrail installation is not necessary at a particular embankment (that is, the guardrail is
a greater hazard than the embankment); such a decision remains valid whether one or one
thousand vehicles run off the road at that point.

8—03.02 STANDARD AND SAFETY CHARACTERISTICS

A traffic barrier serves dual and often conflicting roles. It must be capable of redirecting
and/or containing an errant vehicle without imposing untolerable conditions on the vehicle

occupants.

Generally, the structural adequacy of a longitudinal barrier is determined by impacting it
with an 4,500 lbs. automobile at a 25 degree angle. The impact severity and vehicle trajectory
hazard of a longitudinal barrier is determined by impacting it with a 2250 lbs. automobile at a
15 degree angle.

The barrier system chosen for inclusion in this chapter are operational. An operational
system is one that has performed satisfactorily in full scale crash tests and has demonstrated
satisfactory in-service performance.

8—03.03 MAINTENANCE CHARACTERISTICS

Maintenance is an important factor to consider when selecting a traffic barrier. Repair
requirements in terms of manpower, material and equipment for typical collisions, the future
availability of parts and the normal maintenance requirements are items to consider. Another
important consideration is the time maintenance crews must be exposed to dangerous traffic
conditions to repair the barrier. Repairs can also disrupt the traffic flow which increases the
potential for accidents.

8—04 ROADSIDE BARRIERS

A roadside barrier is a longitudinal system used to shield vehicles from hazards in the
roadside. It may also be used to shield hazards other than opposing traffic in extensive areas
between divided highways. It may occasionally be used to protect pedestrians and “bystanders”
from vehicular traffic.

It is the purpose of this section to delineate criteria pertinent to the various elements of
design, including warrants, structural and safety characteristics of operational systems,
maintenance characteristics of operational systems, a selection procedure, placement recom-
mendations, and guidelines for upgrading substandard installations.



8--04.01 WARRANTS

Highway hazards that may warrant shleldmg by a roadside barrier can be placed in one of
two basic categories: embankment and roadside obstacles. Pedestrians or “‘bystanders’’ may also
warrant protection from vehicular traffic.

Roadside barriers warrants have applied to hlghways designed for vehicle speeds of
approximately 50 mph or greater. However, conditions on lower volume highways will also be
considered.

8—04.02 EMBANKMENT

Height and slope of the embankment are the basic factors in determining barrier need for a
fill section. Warranting criteria for fill sections are shown in Figure 8—A. Embankment with -
slope and height combinations below the curve do not warrant protection. Obstacles on the
slope may, however, warrant protection. The criteria in section 8—04.03 should be used in such
cases. Embankments with slope and height combinations above the curve warrant protection.

Rounding of the shoulder, to reduce its hazard potential, should be accomplished to
reduce the chances of an errant vehicle becoming airborne. Figure 8—B ilustrates shoulder
rounding parameters and it contains the equations for determining the rounded profile. A
limited number of studies have shown that aproximately 80 percent of errant vehicles leaving
the roadway on high speed facilities do so at an encroachment angle of approximately 15
degrees or less. An encroachment angle of 15 degrees or less should be used for design purposes
in applying equations III—A—1, III—A—2, and III—A—3, in Figure 8—B. In Figure 8—C values of
the distance are given as a function of operating speed and (e—b/a). All of the curves are based
on an encroachment angle of 15 degrees.

80403 - ROADSIDE OBSTACLES

Roadside obstacles are classified as nontraversable hazards and fixed objects. These high-
way hazards account for over thirty percent of all highway fatalities each year and their removal
should be the first alternative considered. If it is not feasible or possible to remove or relocate a
hazard, then a barrier may be necessary. However, a barrier should be installed only if it 1s clear
that the barrier offers the least hazard potential.

Barrier warrants for roadside obstacles are a function of the nature of the obstacle and its
distance from the edge of the traveled way. Figure 8—D shows criteria for determining the clear
zone on fill and cut sections for three different vehicle operating speeds. The clear zone widths
obtained by this Figure are considered appropiate for high traffic volume highways. (Average
daily traffic volume of over 6,000 vehicles). Section 8—08.04 provides a method for adjusting
clear zone widths for lower volume and different vehicle operating speeds highways. Clear zone
is defined as the roadside border area, starting at the edge of the traveled way (edge of
pavement), available for safe use by errant vehicles. Nontraversable hazards or fixed objects
should be removed, relocated, or shielded by a barrier if they are within the indicated minimum
clear one widths.

The procedure for use of Figure 8—D is as follows:

1) Locate on the appropiate curve based on given operating speed the point whose
ordinate (vertical axis) coincides with the slope of the embankment.

2) Locate in the abcissa (horizontal axis) the minimum clear zone width from the
traveled way.

3) If the obstacle or hazard is located within this clear zone width, it must be removed
or relocated. Otherwise a barrier is warranted.



The clear zone width should be increased on the outside of curves by the amount DCZc in
which:

LRrDe
DCZc = R(1l-cos )
100

D° = degree of curve, 100 ft. are definition
R=radius of curve, ft.
Lg = runout path length, from Table 8—17, ft.

The distance DCZc given by this equation is for slopes of 10:1 or flatter. For steeper slopes
this distance should be increased by the ratio of clear zone width on steeper side slope divided
by clear zone width on zero side slope.

" The additional clear zone width DCZc should be applied at a distance Ly into the curve.
The increase should be tapered on the curve at the entrance end and on the tangent at the exit
end of the curve. (See Figure 8—D).

The clear zone criteria represents the present state of knowledge and it underlines the fact
that flat, unobstructed roadsides are highly desirable. This clear zone width should be provided
whenever posible.

Typical nontraversable hazards and appropiate barriers warrants are shown in Table 8—1.
Any nontraversable hazard that warrants shielding by a barrier should be removed. If this is not
practical, a barrier should be provided.

Another common hazard on non-freeway facilities is a driveway or roadway which crosses
a main roadway. The slope of the driveway or crossing roadway should be 10:1 or flatter. Also
sloping inlet and outlet culvert grates should be used. (See model 4—Z of the Puerto Rico
Highway Authority).

It the embankment of the main roadway leading up to a driveway or crossing roadways must
he shielded, a layout similar to that shown in Figure 8—E should be used. Additional fill should
I»e provided adjacent to the driveway in order that the barrier terminal be flared away from the
main roadway as far as posible. The need for crashworthy end treatments on the north and
south side would depend on their distance from adjacent and opposing traffic lanes. Reference
should be made to Section 8—07.04 for guidelines.

Typical fixed objects and the warranting criteria are given in Table 8—2. Fixed objects
within a clear zone that warrant barriers protection by this Table should be removed. If removal
or relocation is not practical or feasible, the object should be shielded by a barrier.

Figure 8—F outlines the procedure to follow to determine roadside barriers needs for fill
and cut sections and roadside obstacles. The procedure should be followed for each roadside
hazard until barrier need is established.

8—04.04 BRIDGE RAIL ENDS, TRANSITIONS, AND END TREATMENTS

Most bridge rail approach barrier systems are some type of roadside barrier. Figure 8—G
summarized the warrants for an approach barrier to a bridge. These criteria are again based on
the clear zone requirements for fixed hazards (Figure 8—D) since the unprotected end of a
bridge rail is considered a fixed object hazard.

If an approach barrier is warranted based on Figure 8—G adequate transition section
between the approach barrier and the bridge rail is warranted. If the end of the approach barrier
terminates within the clear end zone, a crashworthy end treatment is also warranted.

A transition section is warranted when there is a significant change in the lateral strength
or lateral stiffness of a roadside barrier.
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where , e = shoulder slope (tt/ft) [wm/m], positive if sloping upward,
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a

V = vehicle velocity (ft/sec) [m/s]; and
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Nontraversabie Hazard Within Clear Traffic Barrier Required
Zone As Determined By ]
Figure 8-0D Yes No

Rough Rock Cuts
Large Bouiders X

Streams Or Permanent Bodies Of Water
Less Than 2 Ft. in Depth X

Streams Or Permanent Bodies Of
Water More Than 2Ft. (n Depth X

Shoulider Drop-Off With Siope Stesper
Than 111 And

o) Height Greater Than 2 Ft. X

b) Height Less Than 2 Ft. X

IAll Roadside Obstacies Within The Clear Zone Should Be Removed
If Possible, Otherwise Provide Barrier Protection.

Metric Conversions

1 Ft. = 0.3048m

WARRANTS FOR NONTRAVERSABLE HAZARDS.

TABLE 8-1I
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8—04.05 BYSTANDERS, PEDESTRIANS, AND CYCLISTS

Conventional criteria presented in the previous sections cannot be used to establish barrier
needs concerning the “bystander” problem. Even when the boundaries of a school, business
and/or residences are beyond the clear zone, a barrier may be needed. If there is any r;asonable
probability of an errant vehicle encroaching any of these, a barrier would be warranted. In these
cases the barrier must be placed near the boundary of the structure to minimize the hazard to
the motorist.

Pedestrians and Cyclists must be separated from vehicular traffic by physical means
whenever possible. On low speed highways, a barrier curb will be sufficient. At speeds in excess
of 30 to 40 mph a roadside barrier should be installed. Proper consideration must be given to
the deflection characteristics in the selection and lateral placement of the barrier.

8-—04.06 DITCH CROSS SECTIONS

Ditches within the clear zone area must be so designed that it can be easily tranversed by
an errant vehicle.

Figures 8—H, 8—J and 8—K present front slopes and back slo fi i i

. - ) : ont pes for various ditch con-
figurations. Ditch sections for high speed facilities should fall within the shaded region of ea:h
of the figures. Ditch sections which fall outside the shaded region should be flattened and
rounded or internal drainage systems must be added. '

8—04.07 EXAMPLE PROBLEMS

This section presents illustrative problems for determining barrier needs for the roadside
hazards ilustrated in Figures 8—L and 8—M. Figure 8—F is used for each situation in con-
junction with other appropiate figures and tables in previous sections. An operating speed of 60
mph and shoulder width of 12’ were used at each section.

Section A—A:
East Side of Roadway:

1) Fill section.

2) Slope not steeper than 3:1.

3) Clear zone criteria: For roadside hazards not located on the slope, a “weighted”
average approach may be used to determine the average slope of the section from the
edge of the shoulder to the roadside obstacle. For sections flatter than or equal to
10:1 a slope of 10:1, should be used. Average slope of the clear zone.

(b1/a1) AVE=(50 ft.) (0.333)+(20 ft.) (0.1)
70 tt.

=0.27
Enter Figure 8—D (60 mph unrounded) with (bj/a1)=0.27 and clearance=82 ft. (25.0 m)

4) Barrier not warranted.
West Side of Roadway:

. 1) Cut section traversable.
2) Enter Figure 8—D (60 mph unrounded) with (b2/a2)=0.5 and clearance=37 ft.

(11.3m)
3) Barrier not warranted.
Section B—B:

East Side of Roadway:

1) Fill section.
2) Slope is steeper than 3:1.
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TABLE 8-2 WARRANTS FOR FIXED OBJECTS

Fixed Objects Within Clear _ Traffic Barrier Required .
Zones as Determined by Figure 8—D ) Yes No
Sign, traffic signal, and luminaire supports2
a) Breakaway or yielding design with linear impulse:3
1) less than 1,100 1b-sec X
2) greater than 1,100 lb-sec Xa .
b) Concrete base extending 6 in. or more above ground X
Fixed sign bridge supports X
Bridge piers and abutments at underpasses X
Retaining walls and culverts X
Trees with diameter greater than 6 in. Xa
Wood poles or posts with area greater than 50 in.2 ’ Xa

1Fixed object should be removed or relocated so that a barrier is unnecessary if practical.
2Breakaway or yielding design is desirable regardless of distance from traveled way.

3See discussion in text.

4 A judgment decigion (see discuasion in text).

Metric Conversions:

1 1b-sec = 4.45 N-sec
1in=0.0264m
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$1—8

Is borrisr warranted YES

by Figure 8-A"
NO
y
Are roadside obstacies is barrier warranted
within clear zone YES based on Table B8 -1 YES 4
as determined by and /or Table 8-27
Figure 8-D7?
NO LNO
Con hazard be removed
1 YES | or reduced so that
barrier shieiding is
unnecessary ?
Barrier Not £NO
Warranted
Borrier
Warranted

SUMMARY OF ROADSIDE BARRIER WARRANTS.

FIGURE 8-F
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TRAFFIC DISTANCE BETWEEN APPROACH BARRIER
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(see Fig. 8-0)
I AND TI >2 X Clear zone width A,D
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Check roadside for other warrenting features.

BRIDGE APPROACH BARRIER CRITERIA.
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3) Enter Figure 8—A with fill height;IO ft._"'(3.05 m)- and (b1/a1)=0.667, Barrier is
warranted.

Solution: Flatten slope and remove or cover boulders. If this is not feasible provide
barrier.

West Side of Roadway:

1) Cut section.

2) 1:1 backslope off scale on Figure 8—H.

3) Improvement in cross section through widening the cut, rounding, flattening of the
back slope or a combination of these measures should be considered.

(Note: The task force that steered the development of the Guide recognized the
potential hazard of ditches and cut back slopes. However, in the absence
of data on the relative hazards of roadside barriers and ditches and
backslopes, the task force was reluctant to recommend shielding such
hazards with roadside barriers. The decision maker faced with a question
of wether to shield a ditch or back slope is referred to Chapter VII of the
Guide and is reminded that a roadside barrier has a hazard potential, has
initial and maintenance costs and will encroach on otherwise available
recovery space). :

Section C—C:
East Side of Roadway:

1) Fill Section.

2) Slope is not steeper than 3:1.

3) Enter Figure 8—D (60 mph unrounded) with (bl/a1)=0.167 and clearance= 32 ft.
(9.15 m). Further check of obstacle is needed.

4) Check Table 8—1 for permanent body of water with 6 ft. depth Barrier is warranted.

Solution: This problem calls for the exercise of additional judgement. The
6:1 slope is relatively gentle and continues into the water hazard,
which begins very close to the outer limit of the clear zone
indicated in Fig. 8D. In the absence of accident experience a
barrier probably should not be installed.

West Side of Roadway:.

1) Fill section.

2) Slope is not steeper than 3:1. ‘

3) Enter Figure 8—D (60 mph unrounded) with (b1/a1)=0.2 and clearence = 62 ft.
(18.9m). Intersection of two points falls in region bordering further roadside obstacle
check and barrier unwarranted.

Soiutiqn: Barrier not warranted unless frequency of accidents is high;
Section D—D:
East Side of Roadway:

1) Fill or flat section.

2) Slope is not steeper than 3:1.

3) Enter Figure 8—D (60 mph unrounded) with (bi/a1)=0.1 and clearance 22 ft. (6.7 m)
Further check of obstacle needed.

4) Check Table 8—2 for sign supports.

5) Assume supports are of breakway design. Barrier not warranted.

8—19



(Note: In almost all cases, a roadside sign can either be relocated, made breakway, or
removed. Hence, the need to shield a roadside sign with a barrier should be nil).

West Side of Roadway:
1) Cut Section, (Figures 8—H, J and K should be checked to see if improvement in cross
sections should be considered. See note for section B—B West Side.)

2) No roadside obstacles to be checked.
3) Barrier not warranted.

Section E—E:
East Side of Roadway:

1) Fill Section.

2) Average slope.
(b1/a1) AVE=(15 ft.) (0.25) + (20 ft.) (0.333) + (30 ft.) (0.1) = 0.21

65 ft. 65 ft.
Enter Figure 8D (60 mph unrounded) with (bl/a1)=0.21 and clearance=77 ft. (23.5 m).
No further check on rough rock cut needed.

3) Barrier not warranted.

West Side of Roadway:

Cut section not traversable. However, barrier would probably not be warranted if back
slope surface is smooth and does not cause vehicle to pocket and/or overturn.

Section F—F:
East Side of Roadway:

1) Flat Section.

2) Slope not steeper than 3:1.

3) Enter Figure 8—D (60 mph) with (b1/a1)=0.1 clearance=33 ft. (10.1 m).

4) Barrier not warranted by standard criteria, however a playground near a high speed
facility may need to be shielded. Need must be based on judgement. The driveway
grese;n(t;s3 special problems. Reference should be made to the discussion in Section

—04.03.

West Side of Roadway:

1) Fill section.
2) Slope not steeper than 3:1.
3) Enter Figure 8—D (60 mph unrounded) with (b1/a1)=0.25 and clearance=42 ft. (12.8

m). Further check of obstacle needed.
4) Check Table 8—1 for drop-off of 3 ft. (0.91 m) at bottom of slope. Barrier warranted.

Solution: Fill in and round drop-off to a 3:1 or flatter slope.
Section G—G: ‘
East Side of Roadway:

1) By bridge approach barrier criteria in Figure 8—G an approach barrier system is
warranted. An appropiate fransition section and end treatment should also be
provided with the approach rail. (See Section 8—08.04 for discussion.)

West Side of Roadway:

1) Again by bridge approach barrier criteria in Figure 8—G an approach barrier system is
‘warranted. An appropiate transition section and end treatment should also be provided
with the approach rail system. Note that at Station 8, bndge approach barrier with
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appropiate transition section and end treatment would also be warranted on the east
and west side of the roadway, although this is not considered in this example. (See
Section 8—08.04 for discussion.)

Section H—H:
East Side of Roadway:

1) Fill section.

2) Slope is steeper than 3:1.

3) Enter Figure 8—D with (b1/a1)=0.5 and f{ill height=3 ft. (0 91 m) Height and slope of
fill section does not warrant protection.

4) No roadside obstacle on or near fill section.

5) Barrier protection not warranted. (It would be desirable to flatten the side slope.)

West Side of Roadway:

1) Fill section.

2) Slope is steeper than 3:1.

3) Slope is 2:1 and height is approximately 40 ft. (12.2 m). By Figure 8D barrier is
warranted. It should be noted, however that the slope has been rounded (see
discussion in Section 8—04.02 and Figure 8—B). Under some circumstances, such as
low volume roadways of roadways with operating speeds below 60 mph (96.6 km/h)
or low frequency of accidents, the highway engineer may choose not to provide a
barrier for such a cross-section.

805 STRUCTURAL AND SAFETY CHARACTERISTICS

It is the purpose of this section to present operational roadside barrier systems in current
use in Puerto Rico and to point out desirable structural and safety characteristics. The section is
subdivided according to standard sections of roadside barriers, transitions, and end treatments
for roadside barriers. Figure 8—N is an example to ilustrate these three roadside barrier
elements.

It has been shown that small variations in designs or in construction details can have
adverse .effects on the impact performance of barriers. Thus, the design details should corre-
spond to the as-tested details, as shown on the following sections. In many cases, the barriers
were sub]ected to series of crash lests. Appendix C of the Guide contains a summary of all
crash tests performed on each of the systems.

8—05.01 STANDARD SECTIONS OF ROADSIDE BARRIERS

Tables 8—3 thru 8-6 present a summary of the structural and safety characteristics of
current operational roadside barriers. The G—2 (“W” Beam, Steel Weak Post) and G—4 (1S)
_(Blocked-Out “W?” Beam, Steel Strong Post) systems are the most commonly used in Puerto
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ILLUSTRATIVE EXAMPLE FOR ROADSIDE
BARRIER WARRANTS, A.

FIGURE 8-L
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Rico. They correspond to standard models No. 1 and No. 1—A, of the Puerto Rico Highway
Authority, respectively.

' The roadside barriers are usually denoted as either flexible (weak post) a sem1-r1g1d
(strong post systems). Flexible systems undergo considerable dynamic deflection upon impact
and are generally more forgiving than the semi-rigid systems since they impose lower impact
forces on the vehicle.

In selecting a roadside barrier, as discussed in Section 8—07, close attention must be given
to its deflection characteristics. If the barrier can be placed a considerable distance from the
hazard, a flexible barrier can be used. Conversely, semi-rigid barriers are necessary if the barrier-
to-hazard distance is small. However, short intermittent sections of any roadside barrier are
undesirable. Gaps of less than 60 meters between barriers installations should be avoided.

The rail heights in Tables 8—3 thru 8—6 range from 27 inches to 32 inches with 27 inches
as the most common height. A minimum height of 27 inches is a necessary condition to insure
proper barrier irapact performance.

Post spacing for®strong post systems is 6.25 feet. Tests have shown that this spacing is
needed to minimize vehicle snagging or pocketing, post spacings may also allow a rail to twist
into a ramp and thus cause vaulting. All the systems in Table 8—7 are considered to be
structurally adequate, although some deflect more than others.

It is important to note that the performance of a roadside barrier is sensitive to a variety of
conditions. Difference in the response are attributed to three important parameters: The type of
soil, the length of installation, and the end {reatment. Barriers installed in soft or yielding soil
may require deeper embedment of the post and/or closer post spacing.

An effort has been made to standardized hardware for widely used traffic barriers. Roadside
barriers which have been stadardized are so noted in the last colum of Table 8—7. This table also
contains a summary of the impact performance data on each of the operational systems.

8—05.02 TRANSITIONS

Transition sections are necessary to provide continuity of protection when two different
roadside barriers join, when a roadside barrier joins another barrier system {(weak-post to
strong-post), or when a roadside barrier is attached to a rigid object (such as concrete barrier or
bridge parapet).

Shown in Tables 8—8 thru 8—11 are transition sections that ai. considered operational.
Standard models No. 1—A and No. 1—A—1, of the Puerto Rico = . iaway Authority, show the
most common use of transition, the one that occurs between approach roadside barrier and
bridge parapets. In these models the rail-to-parapet connection is effectively archieved by
providing a recessed area in the bridge parapet wall to receive the rail, similar to Figure 8—P.

Strong post systems must be used on transition to bridge parapets. Such systems must be
blocked-out to prevent vehicle snagging on the posts.

The length of the transition should be such that significant changes in the lateral stiffness
do not occur within a short distance. The transition length should approximate 12 times the
difference in dynamic deflection between joining barriers. For example, the dynamic deflection
of system G4(18S) is 2.60 ft. (from table 8—6) and that for a bridge concrete parapet is zero. The
transition from model G4(18S) to a bridge parapet shouild be: 12 (2.60—0.0) or 31.2 ft.

The stiffness of the transition should increase smoothly and continously from the more
flexible to the less flexible system. This is accomplished in standard model No. 1-—A by
decreasing the post spacing from 6 ft. 3 inches at normal installation to 3 ft. 1 1/2 inches in the
transition near the structure.
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TlABLE 8-7 — ROADSIDE BARRIER DATA SUMMARY

Maximum Acceleration at 159 (G’s) 2 Accelerations at 25° (G's) 2 I 2;; Had.-
System DD{;' natrinic (ft.) | . Sm'
e on . f

ellec . Lateral Longitudinal |  Total Lateral |Longitudinal | Total | ipeas 3
Flexible Systems_
G1 11.0 No Test | No Test | No Test | UNAV ! UNAV | 6.1 Yes
G2 7.3 UNAV UNAV 1.0 3.8 3.1 UNAV | Yes
Semi-Rigid Systems
G3 4.8 No Test | No Test | No Test | 5.8 2.8 UNAV ! Yes
G4(1W) 2.8 No Test | No Test | No Test | 6.1 3.0 UNAV | Yes
G4(2W) - 2.3% No test No Test | No Test | 7.0 6.8 UNAV| Yess
G4(1S) 4.1 No Test | No Test | No Test | 6.9 3.8 UNAV| YesS
G4(2S) 2.9 No Test | No Test | No Test | 6.8 3.7 UNAV | Yes®
G9 1.5 4.1 2.9 UNAV 1179 3.9 JNAV | Yess

UNAYV - Inavailable
1Based on 25° impact.
250 millisecond average.
3See reference 22, 23.
4Maximum permanent deflection.

Metric Conversion: 1 ft. =0.305 m.

5To be included in a revised edition of reference 22 and 23.
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Reli Angle E w&
Piten Angle (deg.)} UNAY
BARRIER DAMAGE UNAV
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REMARKS
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OPERATIONAL ROADSIDE BARRIER

TRANSITION SECTIONS, A.

TABLE 8-
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BARRIER
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REMARKS sheet meto! deformetion.

UNAV - unavaliiable
150 mitlisecond average uniess otherwise noted
241 ovaitadie, ses summary in Agpendix A (AASHTO Borrier Guide)

OPERATIONAL ROADSIDE BARRIER TRANSITION
SECTIONS, B

TABLE 8-9




8--05.03 END TREATMENTS

An untreated end of a roadside barrier is extremely hazardous if impacted, since the beam
of the system tends to penetrate the passenger compartment and will generally stop the vehicle
.abruptly A crashworthy end treatment is therefore recommended if the barrier terminates within
the “clear zone’'. As shown in Figure 8—N both an upstream lerminal and downstream terminal

must be consxdered The length of need for upstream terminal is dependent on the clear zone
width for the adjacent traffic and the length of need for the downstream terminal is dependent
on the clear zone width for the opposing traffic.

To be crashworthy, the end treatment should not spear, vault, or roll the vehicle for
head-on or “nose” impacts. For impacts between the end and the standard section, the end
treatment should have the same redirectional characteristics as the standard roadside barrier,
which means that the end must be properly anchored. The end treatment must be capable of
developing the full tensile strength of the standard rail element, whether a crashworthy end
treatment is warranted or not.

Shown in Tables 8—12 and 8—13 are two operational end treatments. Standard model No.
1A, of the Puerto Rico Highway Authority is similar to the GET2 system, this system is
designed for the G4(18) and G4(28S) systems but it could be adapted for use with any of the G4
series systems or the G2 system. If possible, terminating and anchoring the roadside barrier in a
backslope provides and excellent end treatment. In such cases, the approach rail should not
violate the placement criteria developed in sections 8—08.03 and 8—08.04.

Turned down end treatment shall not be used to avoid impacting vehicles to vault and roll
over.

Other method to eliminate the problem of vehicle impalement on roadside barrier ends is
to use a turned-down-barrier end. Standard model No. 1 of the Puerto Rico Highway Authority,
uses this method. However, tests have shown that some turned-down end designs can cause
impacting vehicles to vault and roll over ’

8—06 MAINTENANCE CHARACTERISTICS

, Table 8—14 contains a number of maintenance factors which should be considered before
selecting a roadside barrier system. The factors are grouped in one of four categories: collision
maintenance, routine maintenance, environmental conditions, and material storage re-
quirements. :

Collision maintenanf:e concerns the activities required as a result of vehicle impacts. Such
activities should play an important role in the selection of a barrier system since the majority of
maintance costs are usually due to collision repairs.

The extent of barrier damage for given impact conditions will depend on the strength of
the barrier. Where available, Tables 8—3 thru 8—6 give the barrier damage as a result of a crash
test for specific impact conditions. Table 8—15 summarized the available field data from a gross
survey made of several states.
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Metric Cemversions
1 ¢t 2 0.308m
| in. = 234 mm
1 mphs 1.61xmAY
1 Iy.® 0454 kg
Cenc . Desk te De ‘.o"
Heavily Rein Mia.
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" T3
SYSTE GE3 Approsch Meil 1o BRS Bridge Rai!
FORT SACING — o8 shown o4 shotch; POST TYPE-3Y2% 74" seation
cluminum, BEAMTY PE- twe o wivusions; OFFSET
BARRER DESCRIPTION BRACKETS -nene; MOUT INGS-stenderd herdwers; FOOTHNES - neone.
is® 23°
IMPACT PERFORMANCE HWPACT ANGLE WPACT ANGLE
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Vehicle Weight (19} IS
BARRIER
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Tete! UNAY
VENICLE TRAJECTORY
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Rt Angie (dog.) UNAY
Piteh Angle (deg.) UNAY
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REFEREBNCES 28
FIELD PERFORMANCE DATAZ no
Some vehicie smagping. First pest of bridge reii wes teken out
REMARKS W impest.
UMAV - unevalieble N
'80 mitiisseond everags uaives stherwiss neted
If eveilabie, soe summury it Appendix A (AASKHTO Berrier Guide)

OPERATIONAL ROADSIDE BARRIER
TRANSITION SECTIONS, C.

TABLE 8-10

8—34




-

fletric Conversiony
1. 20.308 m.
1 ta. =284 mm.

l-»-un-h
{ Ib. = 0.4844

] ey

SECTION A SECTION B8

SYSTEM

] Te
83 Approosh Reil o BRS Bridye Neil

BARRIER DESCRIPTION

POST SPACHIS €'0"; POST TYPE-S85 87 stenl for

“l
‘[ fabrisated stes! h'lv v:”; #m ﬂcl :i:d
x

tubiag for approash sei! Weel for mcp reoll
orrg'r PRACKETS L8"x 3Y2"1Y. | engly MOUNTINGS- Y2

/16 dlometer boits; FOUNINGS V4 x 8 x 24 stee! plote -ﬂ‘ol 1o
Post.

HMCT PERFORMANCE

IMPACT ANGLE = |5° IMPACY ANGLE=s 28°

HAMACT OCOMDITIONS
Spaed (mph)
Veokiste Weight (id.}

BARRIER
Dymemis Defiostion (ft.)
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OPERATIONAL ROADSIDE BARRIER TRANSITION SECTIONS, D

TABLE 8- Ii
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8—07 SELECTION GUIDELINES

Once it has been determined that a barrier system is warranted, a selection must be made.
The most desirable system is one that offers the best protection at the least cost, and is
consistent with the given constraints. Table 8—16 presents eight items which should be
considered before a selection is made. Of these, the deflection, strength, and safety require-
ments should never be compromised.

Initial costs and future maintenance costs in particular should be carefully evaluated. As a
general rule, the initial cost of a system increases as the rigidity or strength increases but the
maintenance costs usually decrease with increased strength.

As previously stated, the barrier that may withstand minor collision damages, should be
considered as the best alternative due to the poor maintenance record in Puerto Rico. For
roadside barriers the Department has currently adopted as standard the use of the corrugated
steel beam guard rail with strong post as detailed in Standard Models 1, 1—A and 1—A—1 (See

Chapter 19—07).
8—08 PLACEMENT RECOMMENDATIONS

Major factors to consider in ,the lateral placement of a roadside barrier, that will be
discussed in following sections are:

1. Uniform clearance and distance between barrier and hazard being shielded.

2. Effects of terram between edge of traveled way and the barrier on the errant vehicle’s
trajectory.

3. Probability of impact with barrier as a function of its distance off the traveled way.

4. Flare rate and length of need of transitions and approach barriers. ‘

5. Slow moving vehicles on the shoulder of the roadway.

8—08.01 UNIFORM CLEARANCE AND DISTANCE BETWEEN BARRIER -
AND HAZARD

A highly desirable characteristics of any roadway is that it have shoulders of constant
width, whether it is in cut, fill, or on a structure. Chapters 2 and 6, of this Manual, accomplish
this with typical sections for roadways according to its classification. Also, to ensure the safe
usage of the full shoulder width, longitudinal barriers are placed at a minimum distance of 2 ft.
beyond the edge of the shoulder. In all cases the barrier should be located as far from the
traveled way as conditions permit.

The amount a barrier will deflect upon impact is a critical factor in its placement. Figure

8—Q illustrates the two basic types of roadside configurations of concern. If the hazard being

shielded is a rigid object, the barrier-to-hazard distance should be sufficient to avoid snagging by

the vehicle on the rigid object. If the hazard is a drop off or a steep embankment (steeper than

3:1 slope), the barrier-to-hazard distance should be sufficient to prevent the wheels from

- dropping and thus causing the vehicle to roll excessively. However, limited test results indicate

that the barrier-to-hazard distance for embankments is not as critical as it is to rigid objects. A 2

ft. minimum distance is recommended as shown in Figure 8—Q(b). This mmlmum distance is
also needed to insure adequate lateral soil resistance for the posts dunng 1mpact

The barrier-to-hazard distance for rigid objects should not be less than the dynamic
deflection of the barrier for impact by a full-size automovile at impact conditions of¥
approximately 25 degrees and 60 mph.

In such cases that the available space between the barriers and the hazard, may not be
attainable with the operational barrier systems, a more rigid scheme such as concrete barrier
should be used. In following sections operational configurations of concrete barriers will be
introduced.
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4 For recommended detalls see reforonce 145 (AASKHTO Barrier Guide)

OPERATIONAL ROADSIDE BARRIER END
TREATMENTS, A.

TABLE 8-12
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2 available, see summary n Appendix A (AASHTO Barrier Guide)
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4 For recommended details vec referanca 145 (AASHTO Barrier Guids)

OPERATIONAL ROADSIDE BARRIER END
TREATMENTS, B.

TABLE 8-13
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CATEGORY CONSIDERATIONS

A. Collision Maintenance I. Typical crew size

2. Typical man-hours
to repair (exposure)

3. Typical barrier damage
4. Special squipment

5. Ability of rail to be
repaired or straightened

6. Salvage value

7. Level of working know-
ledgs

B. Routine Maintenancs I. Cleaning and poinﬁng

2. Mowing and clearing
vegetation

3. Checking and tightening
blocks and fasteners

C. Environmenta! Conditions 1. Snow or sand drifting

2. Snow or sand removal
3. Weathering or corrosion

due to environment or
chemical sffects

D. Material and Storage I. Dependence on a number
Requirements of parts
2. Availability of parts

3. Storage facilities re-
quired

MAINTENANCE FACTORS INFLUENCING
ROADSIDE BARRIER SELECTION.

TABLE 8-14




TABLE 8-15 — COLLISION REPAIR DATA FOR ROADSIDE BARRIERS

. ical verag
System - TYP*;;ln Material Rem"d or Replaced Refurb?-hm.:% Time
) Rail (f$.) Posts WM fmt

G1-Cable Guardrail UNAV 112 8 0.30
G2-W-Beam on Steel

Weak Posts UNAV 45 4 0.33
G3-Box Beam 5-6 32 b 0.92
G4(1W)-Blocked Out

W-Beam on Wood

Posts 4 35 4 0.36
G4(18)-Blocked Out

W-Beam on Steel

Posts 34 38 4-5 0.32

1No data available for G4(2W), G4(28), and G9 systems.

METRIC CONVERSION:
1ft.=0.305m

1 Man-Hour /ft =3-28 Man-Hours/m
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8§-08.02 PROBABILITY OF IMPACT

A roadside barrier should be placed as far from the traveled way as conditions permit. As
such, the probability of impact will be minimized.

Whenever posible a Barn Top Section as illustrated in Figure 8—S should be provided. The
6:1 slope should be extended 23 ft. beyond the edge of shoulder. The shoulder must be rounded
foilowing the requirements in Section 8--U04.02. This configuratxoh gives a clear zone width of
about 35 f{, that complies with the recommended clear zones of Section 8—04.03.

8§ -08.03 TERRAIN EFFECTS

Terrain conditions between the traveled way and the barrier can have significant effects on
the barrier’s impact performance. Curbs and sloped roadsides are two prominent features which
deserve special attention. A vehicle which traverse one of these features prior to impact may go
over the barrier or submarine under it or snag on its support posts. A discussion of the effect of
both curbs and sideslopes follows:

1. Curbs - In general, it has been found that curbs offer no safety benefit on highspeed
roadways from the standpoint of vehicle behavior following impact. For this reason a
curb should be used alone or when used in conjuctions with a traffic barrier, should
be placed behind the barrier.

2. Roadside Slopes — As a general rule, a roadside barrier should not be placed on a
embankment if the slope of the embankment is steeper than 6:1. In addition, if the
difference between the shoulder slope rate and side slope is greater than 0.13 (see
Figure 8—R), a barrier should not be placed on an embankment. For example a
shoulder slope rate of 0.04 (4% ) is generally used in Puerto Rico, if the side slope rate
is 0.17 (6.1), this will give a difference of 0.13. Under such conditions the shoulder-
side slope hinge point should always be rounded.

A barrier should be placed at least 12 ft. beyond the shoulder-side slope hinge point when
the difference in slope rates between shoulder and side slope is greater than 0.13. The break at
the shoulder hinge point must be rounded to avoid an errant vehicle could go over the barrier or
impact them at an undesirable position.

8--08.04 FLARE RATE AND LENGTH OF NEED

Figure 8—T illustrates the variables of interest in the layout of an approach barrier to
shield an area of concern or hazard. Length of need is equal to the length of the area of concern
parallel to the roadway, plus the length of the approach barrier on the upstream side (and
downstream side if needed).

Ends of roadside barriers should be flared to attain the following conditions:

1. To locate the barrier and its terminal as far from the traveled way as is feasible.
2 To redirect an errant vehicle without serious injuries to its occupants.
3. To minimize a driver’s reaction to a hazard near the traveled way.

Table 817 contains the runout length (LR), flare rate (a:b}), and shy line offset (L.g ) asa
function of ADT (Average Daily Traffic) and design speed. Shy line offset is defined as a
distance beyond which a roadside object will not be perceived as a threat by a driver. The
roadside barrier should be placed beyond the shy line offset.

}or highways with operating specds between 40 and 60 mph the clear zone width (L¢) can
be determined from Figure 8--D. The widths obtained from Figure 8—D are considered
appropiate for high traffic volume highways. (Say a design average daily traffic volume of over
6.000 vehicles.) The clear zone widths (L¢) obtained from Figure 8--D may be adjusted for
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ITEM

CONSIDERATIONS

A. Deflection

B. Strength and Safety

C. Maintenance

D. Compatibility

E. Cosis

F. Field Experience

G. Aesthetics

H. Promising New Designs

W N

Space available behind barrier
must be adequate to permit
dynamic deflection of barriers.
System should contain and re-

direct vehicle at design condi-
tions.

System shouid be least hazard-
ous available, consistent

with costs ond other consid-
erations.

Collision maintenance.
Routine maintenance.
Environmental conditions.

Can system be transitioned to
other barrier systems ?

Can system be terminated prop-
eriy?

initia! costs.
Maintenance costs.
Accident costs to motorist.

Documented evidence of barrier's
performance in the field.

Barrier should have a pieasing
appearance.

It may be desirah' o install
new systems on an experimental
basls.

SELECTION CRITERIA FOR ROADSIDE

BARRIERS.

TABLE 8-16
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Barrier-to-Hazard Distance
(See Table 8-7) \
(See Section 8-08.0i

for Suggested Offset)
g Q:li“h—

(a) Rigid Object Protection

METRIC CONVERSION:

itts 0.308m.
218,
Desirable
{Ses Section 8-08.0!
for Suggested Offset) ”—

{b) Embankment Protection

BARRIER-TO- HAZARD DISTANCE FOR

ROADSIDE PROTECTION.
FIGURE 8-Q
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ROADSIDE BARRIER LATERAL PLACEMENT CRITERION.
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FIGURE 8-S

ROADSIDE BARRIER LOCATION ON TYPICAL

BARN TOP SECTION.
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lower traffic volumes or for speeds of 30 and 70 mph by proportioning the L. value obtained
by a ratio of LR value obtained from Table 8—17. This adjusted clear zone width will be useful
in the design of roadside barriers for low volume, low speed highways. Also for highways speeds
up to 70 mph and different traffic volumes.

To illustrate the procedure to adjust the clear zone widths (L) for differente speeds and
traffic volumes, the following examples are given:

(1) Find the clear zone width, Le, for a rural freeway designed for over 6,000 vpd (ADT)
and an operating speed of 70 mph. Assume a roadside slope of 10:1.

From Figures 8—D
L¢ (60 mph, 10:1 slope)=30 ft.

From Table 8—17:
LR (60 mph, over 6,000 vpd)—400 ft.
LR (70 mph, over 6,000 vpd)=480 ft. therefore,
L¢ (70 mph, 10:1 slope)- 480 ¢ 30=36 ft.
400
(2) Find the clear zone width, L¢, for a low volume highway (under 250 vpd), and an
operating speed of 40 mph. Assume a 3:1 slope.
From Figure 8 1):
L¢ (40 mph, 3:1 slope)=20 ft.
From Table 8—17:
LR (40 mph, over 6,000 vpd)=240 ft.
LR (40 mph, under 250 vpd)=160 ft. therefore,
Le¢ (40 mph, 3:1 slope, under 250 vpd)=20 x 160=13 2 ft.
240

To determine the position (see Figure 8—T) of the end of need, the following equations

apply: b+ (Ly)Ly
where, X = _ ___ &
by LH
a Lg eq. II-E-1
L
Y = LH~IH (X) eq. III-E-2
“R
where, o

Ly - distance from edge of traveled way (edge of pavement), to the lateral extent of
the hazard.

a = slope of flare (see Figure 8—T).

b

L; - length of tangent section of barrier upstream from hazard. (See diagram Table
8-17). '

Lo - distance from edge of pavement to barrier.

Lp= runout length (See Figure 8-T).

It should be noted that LH should never exceed the clear zone distance obtained from
figure 8D, and the distance (L.3-1.2) should satisfy the criteria of section 8—08.01.

Coordinates X and Y will locate the end of need for the approach barrier, however, to
terminate the barrier properly, some type of crashworthy end treatment should be used.

Figure 8- ‘U illustrates the layout variables for an approach barrier for opposing traffic. The
length of need and the end of the barrier are determined by use of Equations III-E—1 and

8—48



[I-E - 2, just discussed. IHHowever, note that all of the lateral dimensions are with respect to the
edge of the traveled way of the opposing traffic. If there is a two-way divided highway, the edge
of the traveled way for the opposing traffic would be the edge of pavement (EOP) on the
median side.

There are three ranges of Lc which deserve special attention for an approach barrier for
opposing traffic:

1. If L3 is less than L, and L is less than LY. In this case use Ly.equal to L.

2. If L9 is less than L¢, and L¢ 1s less than L3. In this case no approach barrier is needed,
but a crashworthy terminal is needed.

3. If L¢ is less than L9. In this case no approach barrier is needed, and no crashworthy
terminal is needed.

The lateral placement of the approach rail should also satisfy the criteria on embankment
slopes in Section 8—08.03. If the existing slope 1s greater than 6:1, it is suggested that fill be
provided to flatten the. slope to 6:1, as illustrated in part A of Figure 8—V. An acceptable
alternative is to flatten the slope of the flare so that the embankment slope criteria is not
violated, as iilustrated on part B of Figure 8—V. Note that in the latter aiternative, a slightly
longer length of approach barrier would be needed.

8—08.0b SLOW MOVING VEHICLES

In some areas there is a significant number of slow moving vehicles, primarily farm
machinery, that travel on the shoulder of the roadway. In these areas the barrier should be
placed at a lateral distance that will allow slow moving vehicles to travel on the shoulder
without' obstructing the normal traffic. In this cases a minimum 12 ft. shoulder should be
provided, and the barrier should be placed at least 14 ft. from the edge of pavement, provided
none of the recommendations in previous sections are violated.

8—09 UPGRADING SUBSTANDARD SYSTEMS

Some existing roadside barriers are not necessary while others are substandards and will
not meet the minimum requirements discussed in previous sections. In this section a procedure
is introduced for upgrading substandard systems and to eliminate the unnecessary ones.

8—09.0% GUIDELINES

Figure 8--X presents an inspection procedure designed to identify unnecessary or
substandard barriers. It is suggested that this inspection be conducted on a regularly scheduled
basis for maintenance operations. For reconstruction projects this inspection should be realized
before the reconstruction plans are prepared. Again, this same procedure can be used as a final
check of barrier placement in new construction projects.

All personnel performing this inspection (design, construction or maintenance), should
stay abreast of current traffic barrier standards and guidelines as well as promising new research
findings.

With regard to item 3, the criteria presented in Section 8—05 should be used to evaluate
existing systems. This should be complemented with field data and/or accident records to
evaluate the performance of a system. If a barrier system is judged substandard, it should be
modified to conform to an operational system, or be replaced by an operational system. Table
8—18 lists common standard inadequacies that occur and the remedial action.
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The criteria given in Section 8—08 should be used to evaluate the adequacy of the lateral
placement of existing barriers. If improperly located, corrective measures should be undertaken.

With regard to item 5, of Figure 8—X, the rail height an operational system should be equal
to the recommended design height of the system. Height deviations greater than 2 inches from
those recommended in Tables 8-—3 thru 8—6, should be corrected.

Items 6 and 7 of Figure 8—X should be checked by maintenance personnel, regular
maintenance operations, and by construction personnel before the final inspection on new
construction projects.

8--09.02 EXAMPLE PROBLEM

The following example will illustrate how the guidelines should be used to upgrade a
substandard system:

Given: Figure 8—Y shows a roadside barrier installation in which the design is substandard
and the layout does not meet the criteria discussed in previous sections. Assume the design
speed as 60 mph and the average daily traffic (ADT) to be 5,000 vpd. The observed problems
are the following:

1.  Flare rate too steep.

2. No end treatment for exposed rail.

3. The barrier is not structurally adequate since it is not anchored and it is too
close to the piers for the post spacing.

4. There is no protection for the opposing traffic.

Requirements: It is required to upgrade the installation following the design criteria and
guidelines included in previous sections.

Solution: The following steps should be followed to upgrade the barrier installation.
1. From Table 8—17;
LR=360 ft.
Ls=8.0 ft.
a:b=13:1

2. To determine the end of need for the approach barrier for the adjacent traffic,
Equations III—E—1 and III—E—2 are used with the following values obtained from Figures
8-D, 8-T, and Table 8-—17:

L.— 360 (LR, over 6,000 vpd) _ 97 ¢,
340 (LR , 2,000 - 6,000 vpd)

Ly =16 ft.
L1 = 0.0 (no tangent section)
Lg=11.0 ft.

3. Due to the limited space between the edge of the shoulder and the pier, the barrier must
be stiffened in the area of the pier (this system could also be replaced by a concrete barrier as
will be discussed in following sections). The dynamic deflection of the G4(1W) system is 2.8 ft.
Thus the W-beam rail will be attached to the pier but blocked out by an 8 inch by 8 inch wood
block.
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INADEQUACY REMEDIAL ACTION

Transition Section

‘No rail continuity "Attach to adjoining system to provide axial and
flexurs strength. Moy need new rail.
‘Post too weak ‘increase post size or build up existing post.
‘Post spacing too large ‘Reduce post spacing to prevent pocketing or snagging
of vehicle.
‘No btock out or rub rail “tnstail biock out and/or rub rail to prevent snagging
by tires.
Terminat
‘Nonconforming end treatment ‘Fiare and anchor end of barrier in back siope if possible.

‘install crashworthy end treatment, such as ETi system
described in Section I1I-B-3.

Longitudinal Section

‘Post spacing too large "Post spacing for W-beam roil should not be greater than
approximately 833" {1.9m) for high speed facilitiss.

‘No block out or rub rail ‘Install block out and/or rub rail to prevent snogging by

for strong post systems tires. Use of Thrie Beom (see 66 system described in

Section III-B-! will sliminate need for rub rail.

‘Too close to rigid object ‘Move barrier to proper distance, or stiffen section
near rigid object.

Sections HI-B8-1 and W-B-3 (AASHTO Barrier Guide)

STRUCTURAL INADEQUACIES OF ROADSIDE BARRIERS.

TABLE B-18
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4. From Kqguations [ K Laad HE -2,
X Jb.2ft
Y 13771t
5 To deternnme the end of need for the approach barrier for the opposing traffic

cquations Ik 1 and HE K2 are used with the followmng values obtained from Fi
& I, 8 U, and Tuable 8 17: igures

Lo 271t
Ly 27 (e (s 12h
IL.p 0.0ft

Ly 230 1L (11" 129

6. It should be noted that an approach rail for the opposing traffic is needed since L2 is
less than L.

7. From equations I £ 1 and HI--E-—2,

X 244 ft.
Yy 2521t (13.2"+12.0")

The suggested design and layout is shown in Figure 8--Z. Note that in this exampie a T1 '
transition and an {‘I’l‘l end treatiment are recommended. [n this case we could use the transition
and end treatment depicted m Model T A of the Puerto Rico Highway Authority

This solution is considered acceptable for roadside cross section condition 1. For cross
section condition 2 the barrier should be extended at the given flare rate, to the back slope and
anchored there. This would require more barrier but it would eliminate the possibility of an end
impact with the barricr and eliminate any problem from vehicles getting behind the barrier.

It should be emphasized that the suggested designs shown in this example are not the only
one acceplable. There are other designs which would serve the intended purpose. A crash
cushion layout might be appropiate or a concrete barrier half section, as will be discussed in
following sections. However, proven systems should be used as was done in this example to
upgrade substandard systems where possible.

8 10 MEDIAN BARRIERS

A median barrier is a longitudinal system used to prevent an errant vehicle from crossing
the portion of a divided highway separating the traveled ways for traffic in opposite directions.
It is the purpose of the following sections to delineate the criteria pertinent to the various
elements i)f median barrier design, including warrants, structural and safety characteristics of
operational systems, selection guidelines, placement recommendations, and guidelines for
upgrading substandard installations. Figure 8--AA illustrates the three basic median barrier
elements, namely, the standard section, the transition section and the end treatment.

8101 WARRANTS FOR MEDIAN BARRIERS

Figure 8 BB presents the warrants for median barriers on high speed, controlled access
roadways which have relatively flat, unobstructed medians. At low ADT’s, the probability of a
vehicle crossing the median is relatively low. Thus, for ADT’s less than 20,000 and median
widths less than 20 feet, the median barrier use is optional. Likewise, for relatively wide
medians, the probatility of a vehicle crossing the median is also relatively low. Thus, for median
widths greater than 30 feet and ADT’s below the warrant curve, median barrier use is optional.
Medians wider than B0 feet do not warrant a barrier unless there is an adverse history of
across-the-median accidents. It should be noted that after a warranted median barrier is
installed, accident severity will decrease, however, accident frequency will generally increase
since the space available for return-to-the-road maneuvers is decreased.
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Special consideration should be given to barrier needs for medians separating traveled ways
at different elevations. The ability of an errant vehicle leaving the higher elevated roadway to
return lo the road or to stop diminishes as the difference in elevation increases. Thus, the
potential for cross-over, head-on accidents increases. For such sections, the clear distance
criterion given in Figure 8D, should be used as a guideline for establishing barrier need.

Careful consideration should be given to the installation of median barriers on multilane
expressways or other roadways with partial control of access. Problems are created at each
intersection or median cross-over since the median barrier must be terminated at these points. In
Section 8—11, and in the discussion of the concrete median barrier, a desirable layout will be
discussed.

8--10.2 TRANSITION

Median barrier transition sections are warranted when it becomes necessary to connect
median barriers of differing lateral stiffness.

Rigid objects in wide medians which separate the traveled ways for traffic in opposite
direction require special attention. If the hazard warrants shielding for travel in one direction
only, the criteria of Section 8—04 applies. If shielding is warranted for both directions of travel,
the placement recommendations of Section 8—14 should be followed.

8-10.3 END TREATMENT

An untreated median barrier terminal is essentially a fixed-object hazard to the motorist.
Therefore, a crashworthy end treatment is warranted if the median barrier is terminated within
the clear distance (Figure 8—D).

811 STRUCTURAL AND SAFETY CHARACTERISTICS

This section presents operational median barrier systems and point out their structural and
safety characteristics. It 1s subdivided according to standard sections of median barriers,
transitions and end treatments. It is noted that the evaluation criteria for a median barrier are
essentially the same as those for a roadside barrier, since both are longitudinal barriers whose
functions are similar.

8--11.1 STANDARD SECTIONS OF MEDIAN BARRIERS

Tables 8-~19 thru 8--23 present a summary of the structu..: and safety characteristics of
current operational median barriers. Table 8—24 contains a summary of the impact performance
data on each of the operational systems. .

Systems MB1 and MB2 are considered flexible barriers. Svstems MB3 through MB4S and
systems MB7 through MB10 are considered semi-rigid barriers. The MB5 system or the Concrete
Median Barrier (CMB) is the only operational rigid median barrier. However, variations in the
footing and reinforcing of the MB5 have been tested and proven adequate. These variations are
summarized in Table 8--25.

For median barriers the Department has currently adapted as Standards the use of the
corrugated steel beam on strong post (MB—4S) and the concrete median barrier (MB—5). This
are detailed in Standard Models 1—B and 1—C (See Chapter 19--07).

The Concrete Median Barrier (CMB) illustrated in Standard Model 1—C is a modification of
previously used models. Its configuration is the New Jersey shape. Some variations have been
ma:' in the reinfcrcement and footings based in previous experience. Reference should be made
to 1ae Puerto Rico Highway Authority CMB Standard Models for the treatment at intersections
and m~dian cross-overs. In these models the median configuration has been modified to lessen
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Motric Convergions
L] L
11, = 0.308m Ll I
Iin. = 28.4mm
| mphe [.81 kmAw
i Ih, = 0.434xg »
1 u
po- il 2
T Y
[
SYSTEM el uae
Cabie "W" Section (Steel Week Post)
BARRIER DESCRIPTION .
POST SPACING s'o" iz’ 6"
POST TYPE H2-1/4 x4l $3x8.7
BEAM TYPE Twe 3/4 ¢iamerer steel cabdios Twe stesl "W " sections
OFFSET BRACKETS —eames . None
MOUNTINSS V2 diameter steel "U" boit 8/18" bolts,
FOOTINGS Varied " x1/4"%24 " Stesl piate weided to
post
IMPACT IMPACT IMPACT IMPACT
IMPACT PERFORMANCE ANGLE=i8° ANGLE=25¢ AMGLE=IS® ANSLE*28°
IMPACT CONDITIONS
Spesd (mph) NO TESY 8710 NO TESY 58.0
Vehicle Welight (b)) 4300 3680
BARRIER
Dynamic Deflection (f1 ) i70 7.00
!
VEHICLE ACCELERATIONS(G's)
Letere! UNAV UNAY
Lengitudins! UNAV UNAY
Totel UNAV UNAV
VEHICLE TRAJECTORY
Exit Angle (deg ) UNAY UNAY
Roil Angis (deg.) UNAV UNAV
Piteh Angle (deg) UNAY UNAY
BARRIER DAMASE UNAY UNAV
REFERENCES 138 1

FIELD PERFORMANCE DATAS

YES

YES

REMARKS

Barrier suiteble for wide flet
medioms.

System suitadble for wide medies,

UNAV- unovoiieble

'ao millisscond sverags waless otherwise note d

!N avoilable, see summary in Appendix A {AASHTO Barrier Guide)

OPERATIONAL MEDIAN BARRIER SYSTEMS, A.

TABLE 8-19
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"
30| se¥y
Metvie Comversions
111 0.305m
Lin. !6.4.07. ._Ji..
| mgh =16l km —“j
110, =0 4540
24"
—_—t 4
SYSTEM w3 Jgew
Sox Besm Biooked-Out "W "Beom(Weed Posts)
BARRIER DESCRIPTION o .
POST SPACING 6 0 ¢ 3 s
POSTY TYPE 83287 838§ Oeugiss Fir
SEAM TYPL 8"x@%x I/4 Stesl tude Twe W sestion, two CGx8.2 rubreils
OFFSET BRACKETS Neae Twe 8°x8"x14"Dogles Fir Blecks ¢
%m'nu:c Steel paddies 5/8" diameter bolts
TiNG 8 'x1/4"184" Stes! piate weided 10 | Nons
Post
MPACT MPACT MPACY IMPACT
IMPACT PERFORMANCE ANSLE=10® ANSLE =28 ANOLE *18° ANSLE=28°
IMPACT CONDITIONS s
Spoed (mph) 49.0 .0 NO TESTY €9.0
Vohiele &M .} 4840 35300 4870
BARRIER
Dynemic Defiastion (f1.) o078 5.50 =2.00
J
VEMICLE ACCELERATIONS(S's)
Letera) UNAV UNAV UNAV
Longitudineg! UNAV UNAV UNAV
Totsl UNAY 5.30 UNAY
VEMICLE TRAJECTORY
Exit Angle idu. 3 L4 1%
Reii Angle (deg. ] £33 UNAV
Pitch Angle{deg.) o] = UNAV
3posts only. 30° of steel
BARRIER DAMAGE tube beam and UNAV
10 posts.
REFERENCES 4 17 140
FLELD PERFORMANCE DATAZ ves vES
System suitebie for wide madiens, Sowthern yelleow pine is scoept-
abls alternate for Deugies Fir.
REMARKS A "W"bsom centered at 10" abeve
grade is en acesptedis oiternete
rubreil,
UNAY - unaveilabie
‘!Onmlunn Averege uniese otherwise neted
2,0 evailehie, see summary in Appensix A {AASHTO Berrier Guide)
328" post sccoptebie aiternate based on G4{2W)test resuits.
46" 8" 1 14" Blosh ocospiebie bese on G4(2W)test resuits.

OPERATIONAL MEDIAN BARRIER SYSTEMS, B

TABLE 8-20




Mgtris Convyrsions

1 ft = 0.308m,
1in. = 285.4mm
t mphr |61 km/w
1ib. » 0.484xg

27

o ol

€-0

o

32"

1o

X

I“T {Footing & R.h\fovehv' Veries)

SYSTEM

. _ﬂ‘s
Blocked-Out "W" Beem(Stee! Posts)

1}
Concrete Median Barrier

BARRIER DESCRIPTION

POST SPACING 3" o Continuously poured,reinforced,
POST TYPE wexs.s” sioped face, concrete section.
BEAM ;VP!‘ XETS Two steal W sections Barrisr cen be enshered by dowels
m:ﬂ"':. ¢ Two WEX8.54 or en asphaR key, See tent fer
-FOOUOTINOQ 5/8" diameter stesl bolts turther deteils of verious
None configurations tested.
IMPACT IMPACT MPACT IMPACT
IMPACT PERFORMANCE ANGLE = 16° ANGLE = 25° ANQLE = i5® ANGLE = 28°
IMPACT CONDITIONS
Speed (mph) 67.0 NOTEST 7
Venigle Waight {1b.) 3800 3}0 ::o:;
BARRIER
Dynsmic Deflection (11} i.%0 000 0.00
| 3
VEHICLE ACCELERATIONS(G's)
Leteral UNAV 6.00 9.00
Lengitudingl UNAY 3.00 7.00
Totel 8. 70 UNAV UNAY
VEHICLE TRAJECTORY
Exit Angle (deg.) Y 1.8 T
Rolt Angte (deg ) [ =25 38
Piteh Angle {deg) 4] =10 =20
25."" ..w..d
section on
BARRIER DAMAGE 2 posts. None Mone
REFENCES 17 3t 3t

FIELD PERFORMANCE DATAZ

YES

REMARKS

Bood redirection fer impact angles of
i5° or less. At larger impact angles
vehicis ro!i and pitch may be-come
critical. Recommended uss O norrow
medians, retaining wails, rock cufs, etc.
Several moditied versions have been
testad, see text.

UNAV- unaveifable

wn

s 173"« 88/8" x 3218

lSOlvallllnumd averoge uniess otherwise noted
1" avelisble, soe summery in Appendix A (AASHTO Barrier Guids)

C" steal post acceplable based on G4(28) test results.

%4 1/3" £ 3%/8" £ 3/16” “C" stael blockout acceptoble based on G4(25) fest resuits.

OPERATIONAL MEDIAN BARRIER SYSTEMS, C

TABLE 8-21
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Metric Convers 27”

1 = O 303m [

in, = 254 mm 63 /2

Imph= 1. 6lkm/hr —irn

i1b =0 454kg —

e 24"

SYSTEM Me7 )

Aluminum Strong Beem

Aluminum Beignce Beom

BARRIER DESCRIPTION
POST SPACING

6 3"

12'6"

POST TYPE Aluminum I or steel S3x5.7 s5Y/2"x 7 Va"n
BEAM TYPE Aluminum extrusions sY2"x7i/4" ):.:.':ro:':l:‘:l:r!:;n
OFFSET BRACKETS None Four stondard elumi 1
MOUNT INSS Sg'ul or aluminum paddies None shuminum eatr usions
FOOTINGS 8 x3/16 x 24 stee or aluminum Standard Herdwere
Plgte Nene
IMPACT WPACT IMPACT IMPACT
IMPACT PERFORMANCE ANGLE=15° ANGLE26.6° ANGLE=7© ANSLE *25°
{IMPACT CONDITIONS
Speedimph) 33.0 e2.7 8.0
\glck ‘oicm {1v) 4000 40387 4000 ::ooo
BARRIER
Dynemic Detiection (ft.} }1.50 7.20 UNAV UNAY
L
VEHICLE ACCELERATIONS{93)
Laterel UNAV 410 0.70 403
Longitudinei UNAV 3.70 1.00 9.03
Total UNAV UNAY UNAV u;“v
VEHICLE TRAJFCTORY
Exit Angle {deg.} UNAV UNAV 4 30
Roil Angle (deg.} UNAV UNaAvY UNAV UNAV
Piteh Angle{deg) UNAV UNAV UNAV UNAV
BARRIER DAMAGE UNAV UNAV UNAV UNAV
REFERENCES | i | |

FIELD PERFORMANCE DATAZ

NO

NO

REMARKS

UNAY ~ unavaileble

'wnilliueon‘ everags uniss otherwiss noted

zH ovailable, ses summary in Appendix A (AASHTO Berrisr Guide)

From mechenical psek-g acceiserometer

OPERATIONAL MEDIAN BARRIER SYSTEMS, D.

TABLE 8-22
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1ve"
Metric Converglons
32"
11t = 0.308m
fin 2 25 4mm
leph 2l G6lkm/nr
11b. =0 434k
I a8’
llld:‘f?h'ﬂ I'I.“‘G‘o F
ocksd- rie Beom etal Beom Guarg Fence
SYSTEM (Steel Post ) (Stee! "Dunuu'ay‘ Post.)
BARRIER DESCRIPTION - -
POST SPACING ¢ 3 6 3
POST TYPE wexs.3 wex 8.5steel
BEAM TY PE Twe Thris Beems Two steel " W" sections
OFFET BRACKETS wéxe.3 Nons
MOUNTINGS 5/8" dismeter steai bo Its $/8 "diometer doit
FOOTINSS UNAV 7"211"x 8/8"stesi Piate
IMPACT IMPACT IMPACT IMPACTY
IMPACT PERFORMANCE ANGLE® 17° ANGLE = 25° ANGLE=147°| ANGLE=25°
IMPACT CONDITION
Spesd (mph} 341 66 .| 3.4 $7.3
Vehicle Weight {ib.} 2200 4500 4200 36 40
BARRIER
Dynamic Defliection(ft } 0.33 317 .00 180
VEMICLE Acctunrnons(c':‘
Loteral 3.30 §. 30 6.30 UNAV
Longitudinol 2.00 $.60 4.30 i0.0
Totel UNAYV UNAV UNAV UNAV
VEHICLE TRAJECTORY
Exit Angle {deg ) 22.0 ess than 10 3.8 19.7
Roli Angle (deg ) [+] o] o] iess than 10
Piteh Angie (deg) o (o] [+] lees than 10
BARRIER DAMAGE None 28’ of thris 50" of "w" 50" of "Ww"
beam and 3 section and3 section and
Posts. Posts 3 posts.
REFERENCES 21 2t 32 3
FIELD PERFORMANCE DAYAR NO NO
. . N Seod ,odinction‘ Some whes!
Provides smooth redirection. Rub- snogging ooourred in 2850 teet,
raii net needed. Chence of but was not severe. Fillet weid
REMARKS vehicie snagying on pest is mini- at bass is 3/8" weid long out -
mol. side edge of fiange only. This
is critical for sheering at [ow
impact energies.
UMAV - unavailadis
'SOMIIliuconl aversge unjess otherwise noted
2“ svaileble see summary in Appendix A (AASHTO Barrier Guide)

OPERATIONAL MEDIAN BARRIER SYSTEMS, E

TABLE 8-23
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TABLE 8-24 -- MEDIAN BARRIER DATA SUMMARY

I

Maximum

Accelerations at 150 (G's)?

Accelerations at 250 (G’s) 2

sarrer |

Dynamic ! .Hard-
bDeflection (ft.) ‘l' '/ ware
Longitu- Longitu- Standard
System Lateral dinal Total Lateral dinal Total _iized?3 |
Flexible Systems
MB1 17.0 No Test | No Test | NoTest { UNAV | UNAV | UNAV| Yes
M2 7.0 No Test {| NoTest | NoTest | UNAV | UNAV | UNAV{ Yes
Semi-Rigid Systems
MB3 55 UNAV UNAV UNAV UNAV | UNAV | 5.3 Yes
MB4W = 2.0 No Test | No Test | No Test UNAV | UNAV | UNAV| Yes
MBA4S 1.54 UNAV UNAV 5.7 7.1 7.6 UNAV| Yes
MB7 7.2 UNAV UNAV UNAV 4.1 3.7 UNAV| Yes
MB8 UNAV | 0.7 1.0 UNAV 4.05 9.05 UNAV!| Yes
MB9 3.2 5.3 2.0 UNAV 6.3 6.6 UNAV| Yess
MB10 1.5 6.3 4.3 UNAV UNAV | 10.0 UNAV, No
Rigid System
‘MB5 0.0 6.0 5.0 UNAV | 9.0 7.0 UNAV!  Yes

UNAYV - ‘Unavailable
1 Based on 25¢ impact unless otherwise noted.

2 50 millisecond average unless otherwise noted.
3 See reference 22, 23.
4 Based on 15° impact data.
5 Peak acceleration.
& To be included in a revised edition of reference 22, 23,
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TABLE 8-25 — VARIATIONS IN THE CONTINUOUS CONCRETE MEDIAN

BARRIER DESIGN (MB5)

reinforcing bar. Ad-
ditional reinforcing
is provided by 3/4 in.
diameter cable from
existing lowered ca-
ble barrier.

grade over existing
lowered cable bar-
rier. Footing of
existing barrier pro-
vides lateral restraint.

Barrier Length of Rein- Description of Description of Refer-
Configura- Barrier forced? reinforcing Footing ence
tion Tested (ft.)

A 150 Yes 8 — No. 5 continuous, | System placed on grade. 31

grade 60, reinforcing 1 in. layer of hot mix

bars. asphalt placed at base
of barrier to provide
lateral restraint.

B 160 (poured| No None Base of system (unre- 14
in 20 ft. inforced concrete) is
segments) extended 10 in. below

grade.
C 97 Yes 1 — No. 4 continuous, | System is placed on 33

Note: 1ft.= 0.305m;1 in. =.0254 m




the probatility that an errant vehicle will ramp over the end section of the CMB. This is
accomplished by off-setting the barrier about 12 feet from the traveled way. Also a shorter end
section of 30 feet 1s recommended instead of the 80 feet end section originally used by the
State of New Jersey and by various States. Included also in the Standard Model 1—C is an
openning for Pedestrian Crossing which protects pedestrians while they are standing on the
median to cross the roadway.

Figure 8—CC shows an acceptable modification to the CMB shape to provide for overlays
up to 5 inches. This modification should be accomplished since modifications of the shape have
been shown to be undesirable from a performance standpoint.

The spacing of posts and height of rail discussed in previous sections when presenting
longitudinal barriers also apply to similar barriers when used as median barriers. Also, the
structural adequacy and impact severity criteria, previously stated.

Shown in Table 8 —26 are the types of median barriers recommended for the given median
widths, when a median barrier is warranted. The primary consideration in establishing this
guidelines was safety, both to the motorist and the maintenance personnel who must repair
damage barriers.

8-11.2 MEDIAN BARRIER TRANSITIONS

Median barrier transition sections are needed between adjoining median barriers of
significant differences in lateral stiffness, between a median barrier and another type of barrier,
such as a bridge rail, or when a median barrier must be stiffened to shield fixed objects in the
median such as bridge piers. Reference should be made to Figure 8—AA for examples of median
barriers transitions.

» There is not an operational system exclusively for median barriers currently in use in
Puerto Rico. Model 1—A, of the Puerto Rico Highway Authority, gives transitions to fixed
objects, such as bridge rails on twin bridges and bridge piers on the median.

Impact performance requirements of median barriers transitions are essentially the same as
those for the standard median barrier section. Structural details of special importance are as
follows:

1. Strong post median barrier systems must be used on transitions to the CMB System or
to bridge rails, parapets, or rigid objects. Such systems should be blocked out to prevent vehicle
snagging on the posts.

2. The length of the transition should be such that significant changes in the lateral
_stiffness do not occur within a short distance. The transition length should be at least 33 feet.

3. Post spacing should be decreased to 3' -1 1/2" in the transition length, to smoothly and
continuously increase the stiffness of the transition from the weaker to the stronger system.

8-11.3 END TREATMENT OF MEDIAN BARRIERS

An untreated end of a median barrier is extremely hazardous. Impact with the untreated
end of a metal beam type system may result in the beam penetrating the passenger compart-
ment as well as an abrupt stop. Impact with the untreated end of a CMB system will result in
untolerable impact forces. A crashworthy end treatment for a median barrier is essential if the
barrier is terminated within the clear distance of travel from either direction.

The current practice of the Department, when the corrugated metal beam barrier is used, is
to provide a variation of the crash-cushion systems illustrated in Figures 8—35 and 8—36 where
the median barrier width in 18 feet or more. Standard model for this variation is under
development.
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TABLE 8-26 — SUGGESTED MEDIAN BARRIES
AS RELATED TO MEDIAN WIDTH

Median Width Suggested Barrier !

Up to 18 feet MB 4-S or MB-5
18 to 30 feet MB 4-S or MB-5
30 to 50 feet MB 4-S or MB-3

LIf warranted by Figure 8-BB

Metric Conversion:

11t=0.3048m
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For median barrier end treatment where the median width is under 18 feet either of the
systems in Tables 8--28 and 8 - 29 may be used.

Further discussion of such treatment will be given in the sections related to Crash Cushions
in this Chapter.

As discussed m Section 8-11.1, a layout of the CMB construction is included in the
standard model. When the median width doesn’t accommodate a crash cushion arrangement, the
harrier is offset 12 feet from the traveled way to diminish the probability off an opposing errant
vehicle to hit it. This solution is not desirable since the hazard is located within the clear zone
width. This clear zone is 20 feet for a highway with operating speed of 50 mph and a 10:1

slope.

The user of this Manual should keep in touch with the Design,Area of the Puerto Rico
Highway Authonty, tor the lalest development in median barriers end treatment.,

Emergency openings in median barriers are to be avoided whenever possible. When
necessary, the opening should be designed so as not to introduce an undesirable hazard or to
compromise the impact performance of the median barrier. If the median is 20 feet or wider, a
design similar to that shown in Figure 8—DD may be used for semi-rigid and rigid systems.

Note that,
W=2a+dSin8t 2B

where
b =barrier width

and )
W, a, d, and 8 are defined in Figure 8--DD

" Minimum values for these parameters should be as follows:

a= 4.0 feet
d= 20.0 feet
8=25 degrees

The flare rate of the terminals in this opening should adhere to the criteria given in Section
8-08.04.

8-12 MAINTENANCE CHARACTERISTICS OF MEDIAN BARRIERS

Section 8--06 contains a discussion of the maintenance factors to consider before selecting
a roadside barrier. Those factors are essentially the same ones that should be considered before
selecting a median barrier. There are, however, some differences in maintenance considerations
between the two types of barriers and the discussion follows:

Tables 8--30 and 8—31 summarize the available field data based on a survey of several
states to determine typical collision repair values experienced. It should be remembered that
these are average values needed to repair a damaged section and not average values based on all
hits. Many hits are only brushes and cause no appreciable barrier damage. It is also necessary to
note that this values were obtained from various states and not from Puerto Rico. Whenever this
information can be gathered, from experience in Puerto Rico barrier maintenance costs, the
values should be used instead of those included in Tables 8—30 and 8—31.

It must be noted that the relatively high refurbishment time for the MB5 system can be
misleading. It i widely known that the MB5 system requires less maintenance than any other
longitudinal baraer. T
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TABLE 8-30 — COLLISION REPAIR DATA FOR MEDIAN BARRIERS, A

Posts

,r e Typical Material I Average Refurbish-
System lypical Repaired or Replaced ment Time
SrE Crew Size p (Man~Hr»ufs‘Fuot
Rail (ft.) Posts or Rail)
MB1-Cable Barrier 2 3-4 75 8 0.10
MB1-Cable Barrier b 3-4 75 8 0.13
MB1-Cable Barrier ¢ 3-4 75 8 0.055
MB1-Cable Barrier ¢ 3-4 75 8 0.083
MB2-W-Beam on Steel
Weak Posts 3-4 53 4-5 0.32
MB3-Box Beam UNAV 36 4 0.61
MB4W-Blocked Out ’
W-Beam on Wood
4-5 25 4 0.36

2 Post in asphalt, with glare screen
bPost in PCC, with glare screen
<Post in asphalt, without glare screen
dPost in PCC, without glare screen

Metric Conversion: 1 ft =0.305 m




TABLE 8-31 — COLLISION REPAIR DATA FOR MEDIAN BARRIERS - B

_ Typical Material Average R,;if!“n'b“"
System 0335 lgiazle Repaired or Replaced (Ma:t:{n:unll?zot
Rail (ft.) Posts of Rail)

MB4S—Blocked Out

W—Beam on Steel

Posts 4-5 57 4-5 0.36
MBb6—Concrete Median Not

Barriers 4-5 UNAV Applicable 3.50
MB7—Aluminum Strong

Beams 4 66 11 0.48
MB7—Aluminum Strong

Beam! 4-6 66 11 0.73
MB8—Aluminum Balanced

Beam e locanees NO DATA AVAILABLE oo
MB9—Blocked Out

Thrie Beam | et NO DATA AVAILABLE-----cemcceeeeeees
MB10—W—Beam on Steel

Breakway Posts 5-7 56 2 0.59

¢ Summer conditions (data from a north central area)
! Winter conditions (data from a north central area)

8--11
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8—13 MEDIAN BARRIER SELECTION GUIDELINES

Once it has been determined that a median barrier is warranted, a selection must be made.
In general, the most desirable system is one that offers the best protection at the least cost and
is consistent with the given constraints. Table 8—32 presents nine items which should be
considered before a selection is made.

As previously stated, the systems currently in used by the Department for new designs are
the MBS and MB—5.

It should be kept in mind, when selecting the MB4S system, that the width of the median
should be sufficient to accommodate the dynamic deflections, as given in Tables 8—20, from
both sides of the roadway.

For system MB4S, 2 minimum median width of 12 feet is necessary.

System MB5 (CMB), given in Model 1—C of the Puerto Rico Highway Authority, should be
used whenever a median width of less that 12 feet is to be provided. A minimum median width
of 6.5 feet is necessary for the installation of the CMB.

8—14 MEDIAN BARRIER PLACEMENT RECOMMENDATIONS

Major factors to consider in the lateral placement of a median barrier are the effects of the
terrain between the edge of the traveled way and the barrier on the errant vehicle’s trajectory,
and the flare rate of transition sections. Another factor of concern is rigid objects in the median.

A discussion of these factors follows in subsequent sections.

8—14.1 TERRAIN EFFECTS IN MEDIAN BARRIER PLACEMENT

Terrain conditions between the traveled way and the barrier can have significant effects on
the barrier’s impact performance. Curbs and sloped medians (including superelevated sections)
are two prominent features which deserve special attention. A vehicle which traverse one of this
features prior to impact may go over the barrier or submarine under the barrier or snag on its
support posts.

Curbs — In general, it has been found that curbs offer no safety benefits on high speed
roadways from the standpoint of vehicle behavior following impact. A curb should never be
used for purposes of redirecting an errant vehicle. If special conditions require the use of a curb,
the face of the curb should be placed behind the face of the barrier.

Sloped Medians — The most desirable median is one that is relatively flat (slope less than
10:1) and free of rigid objects. If warranted, the barrier can then be placed at the center of the
median,

Figure 8—EE shows three basic median sections for which placement guidelines are
presented. In each section it is assumed that a median barrier is warranted. Section I applies to
depressed medians or medians with a ditch section. Section II applies to stepped medians or
medians that separate travel ways with significant differences in elevation and Section III
applies to raised medians or median berms. As previously discussed, slope rounding affords the
driver more control of an errant vehicle since it reduces the potential for the vehicle to become
airborne. Therefore, sharp breaks or hinges in median slopes should be rounded.

The following provisions should be necessary when any of these situation occurs:

1. Section I — The slopes and the ditch section should be checked by the criteria in
Section 8—04 to determine if a roadside barrier is warranted. If both slopes require protection, a
roadside barrier should be placed near the shoulder on each side of the median (“b” and ““d”). If

only one slope requieres protection, e.g., S3, a median barrier should be placed at “c”. In this .

8—178



TABLE 8-32 — SELECTION CRITEIiIA FOR MEDIAN BARRIERS

Hem

Consideration

Median Width and Deflection

Strength and Safety

Maintenance

Compatibility

Costs

F. Field Experience

T Q

Aesthetics
Promosing New Design

1.

Criteria in Table 1V-B-4 should be used.

2, Dynamic deflection of barrier should not

3.

1.

=

ol A o o

be greater than one-half of median width.

Cable barrier should be place on flat
medians.

System should contain and redirect
vehicle at design conditions.

System should be least hazardeus avail-
able, consistent with costs and other
considerations.

Collision maintenance. .

Routine maintenance.
Environmental conditions.

Can system be transitioned to other

‘barrier system?

Can system be terminated properly?
Initial costs.

Maintenance costs.

Accidents cost to motorists.

Documented evidence of barrier’s
performance in the field.

Barrier should have pleasing appearance.

It may be desirable to install new systems
on an experimental basis.
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situation a MB4S or CMB barrier should be used. A rub rail should be installed in the MB4S
system, on the ditch side of it to aid in redirecting errant vehicles which approach the barrier
from the ditch side.

If neither slope requires protection but the difference in the slope is greater than 0.13, a
median barrier should be placed on the side with the larger DS. (where DS is the difference of
slope between shoulder and median). If we have a shoulder with a 4% slope (0.04), the
maximum side slope without the need of a median barrier, will be 6:1 (0.17), because DS will
be equal to 0.13 (DS =0.17 - 0.04 = 0.13). The need of a median barrier in the side with the
larger DS, is assured, if for example:

Tan DSp - 0.21 (corresponds to a 4% shoulder and a 4:1 side slope)
Tan DSp = 0.16 (corresponds to a 4% shoulder and a 5:1 side slope) the barrier would be
placed at “b”". A MB4S or CMB system should be used in this situation.

If Tan DSp and Tan DS are both less than 0.13, a median barrier should be placed at or
near the center of the median (at “c”). A MB3, MB4S or CMB could be used, provided its
dinamic deflection is not greater than (W + 4) feet. :

2. Section II -— If Tan DSy is greater than 0.13, a median barrier should be placed at “b”.
If the slope is not travesable (rough rock cut, etc.) a roadside barrier should be placed at “b”
and “d”. In case that a retaining wall is needed at ““d”, its base should be contoured to the
exterior shape of a CMB.

If Tan DSp is less than 0.13, a median barrier should be placed at or near the center of the
median.

3. Section III — This cross-section if high enough and wide enough, can itself redirect
vehicles. If the cross-section in itself is inadequate for redirecting errant vehicles, a MB4S system
should be placed at the apex of the cross-section. If the slopes are not travesable (rough rock
cut, etc.), a roadside barrier should be placed at “b” and “d”. If retaining walls are used at “b”
and ““d”, it is recommended that the base of the wall be contoured to the exterior shape of
the CMB. \

The CMB vertical axis should be oriented as illustrated in Figure 8—FF on superelevated
sections. The axis of the CMB should be vertical when riding the upper part of the super-
elevation. It should be perpendicular to the superelevation when riding the lower part of it.

When a median barrier is warranted, the same barrier type should be used throughout the
length of need, and the barrier should be placed in the middie of a flat median. However, in
some situations as indicated in Sections I and II of Figure 8—EE, a barrier may be required at
both sides of the median. In this case the median should be “split’”’ so that continuity is
mantained (for example a half CMB could be used at both sides cnd {ransitioned to a complete
CMB when it is needed only at the center of the median).

Figure 8GG illustrates how the median barrier could be “split”’ to satisfy the conditions
just discussed. The W-beam types systems (MB45, etc.) and the MBb5 (CMB) system can be split
this way.

A layout similar to that of Figure 8—GG could be used where depressed medians require
barriers on both sides of the median, or at the approach to a divided structure.

8—14.2 MEDIAN BARRIER FLARE RATES

When it becomes necessary to flare a median barrier, such as at a rigid object in a median,
at divided structures, etc., the flare rate should not significantly increase the hazard potential of
the barrier. The flare rates given in Table 8—17 for roadside barriers apply to median barriers
also.
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Another special layout problem concerns medians whose widths are such that a median
barrier is not warranted but that have a rigid object which warrants shielding. Typical examples
are bridge piers at underpasses and an overhead sign support structure. If shielding for both
directions of travel is necessary and if the median i1s flat two means of protection are
recommended. In the first case, Model 1E of the Puerto Rico Highway Authority, uses a CMB
and crash cushions combinations to shield the ohject.

Figure & 1 shows the second case. In this case a MB4S svstem or a MBS (CMB) could be
used to shield the hazard. When using the MB4S system, the dynamic deflection of the system
should be less than the barrier-to-hazard distance. If the MB5 (CMB) 1s used (as in Model 1E of ‘
the Puerto Rico Ihighway Authority), the barrier can be placed adjacent to the hazard. The MBS
system should not be used when the distance from the edge of pavement to the hazard is greater
than 15 feet.

815 UPGRADING SUBSTANDARD BARRIER SYSTEMS

Some existing median barriers are not necessary while others are substandard and will not
meet suggested performance levels. Substandard barriers usually fall into one of two categories,
namely, those that have structural inadequacies and those that are improperly located.

Figure 8 X of Section 8--09 presents an inspection procedure designed to identify
unnecessary  or substandard roadside barriers. The same inspection procedure should be
followed for median barriers in a regularly scheduled basis. Personnel performing this inspection
should stay abreast of current traffic barrier standards and guidelines included in this chapter, as
well as promising new research findings.

With regard to strength and safey standards, the criteria presented in Section 8—11 should
be used to evaluate existing systems.

If a barrier system is judged substandard, the barrier must be modified to conform to an
operational system, or should be replaced by an operational system.

The criteria given in Section 8—14 should be used to take necessary corrective measures of
the adequacy of the lateral placement of existing barriers. Steep flare rates for approach and
transition sections should be flattenned to conform to the suggested criteria.

In some cases, the effective rail height will be decreased due to an accumulation of dirt,
pavement overlays, etc. Dirt should be removed to return the barrier to its correct height. If
necessary, and if the length and strength of the post and foundation permits, the rail can be
raised to meet height standards. If not, taller posts with added strength and deeper embedment
to accommodate the increased rail height, should be instalied.

Maintenance personnel in routine maintenance and construction personnel in the final
inspection of the barrier installation, can make sure that the posts are firmly embedded and that
the rails are firmly attached to the posts.

The recommendations discussed so far in this chapter and that apply to the barrier éystefn
been standardized, should be followed to meet the upgraded safety conditions they are intended
for.

8- 16 CRASH CUSHIONS

Crash cushions are protective systems which prevent errant vehicles from impacting
hazards by eitier smoothly decelerating the vehicle to a stop when hit head-on, or by
redirecting it away from the hazard for glancing impacts. These barriers are used to shield rigid
objects or hazardous conditions that cannot be removed, relocated, or made breakaway. The
relatively low cost and potentially high safety payoff offered by crash cushions justifies
emphasis on their installation.
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- In following sections a delineation of criteria pertinent to the various elements of design.
mcluding  warrants, structural and safety characteristics of operational systems, maintenance
characteristics  of  operational systems, selection guidelines, and placement and site
considerations, is presented.

Standard Model 1E, of the Puerto Rico Highway Authority give details of the Fitch
Inertial Barrier System. This crash cushion barrier system, that will be discussed in section
8 16.5, 1s the most commonly used in Puerto Rico. Nevertheless, other crash cushion systems
will be discussed. The user of this Manual should be aware of the advantages and disadvantages
of the various systems in determining the final selection. He should also obtain, since most of
the svstems are patented. the <tandard installation lavout details, design guides. and installation
procedures from the manufacturers. This will entitle him to make the proper selection and
stallation.

8- 16.1 WARRANTS FOR CRASH CUSHIONS

Crash cushions have proven to be a cost effective and safe means of shielding rigid objects.
Their use is, therefore, warranted to shield rigid objects within the clear distance that cannot be
removed or shielded by more cost-effective means. Studies indicate that crash cushions are
considerable more cost effective than conventional longitudinal barriers in many instances.

The most common application of a crash cushion is in the ramp exit gore wherein practical
design for the site calls for a bridge rail end in the gore. A crash cushion should, also, be
considered for shielding rigid objects such as bridge piers, overhead sign supports, abutments,
and retaining wall ends. It may, also, be used to shield roadside and median barrier terminals,
specially, concrete median barriers.

A crash cushion or a vehicle arresting device may also be warranted at the end of a
dead-end street or beyond a “T’ intersection. Need should be based on an evaluation of the
probability and consequence of an errant driver going beyond the intersection.

8 17 STRUCTURAL AND SAFETY CHARACTERISTICS OF CRASH CUSHIONS

The following sections present the operational crash cushions and summarizes desirable
structural and safety characteristics of a crash cushion. Also discussed are the different crash
cushion design concepts.

Shown in Tables 8- 33 through 8—38 are the operational crash cushions. Information on
each system consists of a sketch, a system designation, barrier description, impact performance,
barrier damage. references. field performance data and remarks. It is noted that the particular
configurations shown in each sketch represent the as-tested configurations and are not neces-
sarily typical installations. Each system can be designed for & wide range of performance re-
quirements.

None of the crash cushions have been standardized. It should be noted that all of the
operational crash cushions are patented with the exception of the steel drum system.

8—17.1 SYSTEM C1, STEEL DRUMS

This system, see Table 8-33; sometimes referred to as the “Texas Barrels”, dissipates the
kinetic energy of the impacting vehicle primarily through the plastic deformation or crushing of
the steel drums. The drums are restrained vertically and laterally by steel cables, but are free to
move to the rear during impact. A rigid back-up structure (usually the rigid object being
shielded) is necssary at the rear of the cushion. The drums are either bolted or welded together.
As a consequence, there are no loose elements, fragments or other debris following an impact. It
is desirable that the cushion be placed on a level concrete or asphalt pad to facilitate free
movement of the U-bolt support chairs during impact.
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The cushion 1s composed of 55 gallon, 20 gauge steel tight-head drums. Each drum has an
8 meh diameter hole centered in the top and bottom. A *softer nose™ 1s archieved by placing
)

drums with 12 3 nch diameter holes around the periphery of the top and bottom, at the front
of the cushion (as shownn Table 8 333,

The 1 system can be designed to meet the recommended dynamic performance criteria
with regard to direct-on and side-angle impacts for a wide range of design conditions. The user
of this Manual should obtain further design aids for this system in Appendix D of the, “"Guide
for Selecting., Locating and Designing Traffic Barriers”, AASHTO 1977, and in the publication,
“Crash Cushions  Selection and Design Criteria”, Office of Engineering, FHW A, Washington
D.C., 1975

The steel drum system is one of three operational systems designed to redirect a vehicle if
hit from the side. 1., for side impacts it functions essentially as a longitudinal barrier. This is
illustrated m Figure 8 <JJ. Impact in the “transition zone™ can result in an impact with the
fixed object if redirection panels are not provided.

8 17.2 SYSTEM C2, HI-DRO CELL SANDWICH

‘This system dissipates the kinetic energy of the impacting vehicle by the discharge of water
trom plastic filled tubes through onfices in the tube, and by the transfer of momentum
(movement of the water mass). It 1s a patented device and is manufactured and distributed by
Energy Absortion Systems, Inc. Standard installations, detailed design guides and installation
procedures should be obtaimed from them

The system 15 composed of 6 inch diameter, 42 inch polyvinil plastic cells filled with water
(see¢ Table 8--34). These cells are arranged in cluster or bays to make up the cushion for a given
set of design conditions. A rigid back-up structure (usually the rigid object to be shielded) is
necessury at the rear of the cushion. The cells are restrained vertically and laterally by steel
cables, but are free to move to the rear during impact. As a consequence, there are no loose
elements, fragments, or other debris following an impact. However, there will be water on the
pavement. The cushion should be placed on a level concrete or asphalt pad to facilitate is
movement during impact.

Energy dissipation with this crash cushion system is a complex interaction of events since
several things arc happening at varying rates during impact. The three most predominant things
are:

1. Fluid is being forced up through orificies at varying pressure.

2. The mass of the cushion is being moved at varying velocities and accelerations.

3. The mass of the system changes as it is compressed because of the loss of fluid.

Some cnergy is also dissipated as the cushion slides along the supporting surface and as the
different parts of the system are deformed.

The Hi-Dro cell system is the second of three operational systems designed to redirect a
vehicle if hit from the side, i.e., for side impacts it functions essentially as a longitudinal barrier.
This is illustrated in Figure 8- HH. Impact in the “‘transition zone” can result in an impact with
the fixed object if redirection panels are not provided.

8173 SYSTEMS C3 AND C4, SAND FILLED PLASTIC BARRELS

These systems dissipate the kinetic energy of the impacting vehicle by a transfer of the
vehicle’s momenrtum to the mass of the cushion. Both systems consist of an array of plastic
containers filled with varying weights of sand.

The (3 system is patented and is manufactured and distributed by FIBCO, Inc. The C4
system is also patented and is manufactured and distributed by Energy Absortion Systems, Inc.
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Although the two systems differ in the container details, both function essentially the same.
Standard installation details, design guides and installation procedures should be obtained from
the manufacturers. The user of this Manual should consult with the manufacturer to determine
availability of designs and to insure proper selection and installation.

In Standard Model 1E, of the Puerto Rico Highway Authority, the FIBCO System is used
in two applications. These are: to shield bridge piers at underpasses and to protect end sections
in Concrete Median Barriers.

A back-up device is not required for either system since the force that the vehicle exerts on
the crash cushion units is not transmitted through the cushion. Also, note that neither crash
cushion system is designed to redirect vehicles upon side-on impacts. Careful consideration
must, therefore, be given to the placement of the units in the transition zone between the
barrier and the fixed object. Figure 8—KK shows a layout for the last three exterior modules in
an inertial barrier.

Both of the systems (C3 and C4) generate debris upon impact, consisting of sand and
remnants of the plastic barrels. However, there is not documented evidence that these
characteristics is a significant deficiency in inertial barriers.

Design aids and examples of the application of these systems are given in Appendix D of
the Guide. The user of this Manual should also refer to the publication, ‘“‘Crash Cushions-
~- Selection an Design Criteria”, published by Office of Engineering, FHWA, 1975.

Standard sizes and weights of available modules are given in the ‘‘barrier description” on
Tables 835 and 8—36. Sand heights and center of gravity data of modules are given in
Table 8—39.

The width of the back row of modules should always be greater than the width of the
fixed objects. This will soften the impacts of those vehicles striking the rear portion of the
barrier at an angle and provide some deceleration prior to striking the fixed object. Space should
be left behind the last row of modules so the sand and debris will not be confined and produce a
ramp effect in the vehicle. This space should be two feet.

8-17.4 SYSTEM C5, HI-DRI CELL SANDWICH

This system dissipates the kinetic energy of the impacting vehicle through the crush of the
lightweight concrete components and through the transfer of momentum (movement of the
cushion mass). It is a patented device, manufactured and distributed by Energy Absortion
Systems, Inc. Standard installation procedures are available from the manufacturers. The user of
this Manual should consult with the manufacturer to determine availability of designs,
appropiate selections, and installation procedures.

The energy absorbing elements of this system are 7 inch diameter cylindrical cells made of
lightweight concrete. The cell has a hole in its center and steel wire wound around the outside.
Each cell is wrapped with a weatherproof covering to keep water out and to prevent pieces of
concrete from being scattered about during impact.

The Hi-Dri cells are installed in bays similar to the Hi-Dro cell bays as discussed in Section
8—16.4. Side panels, diaphragms, cables, and some of the hardware are the same as used in the
Hi-Dro cell sandwich crash cushion. This is the third operational system designed to redirect a
vehicle if hit from the side. Redirection is archieved through the fender panels attached to the
side of the barrier. This is illustrated in Figure 8—HH. It generates minimal debris upon impact.
A rigid back-up structure (usually the rigid object being shielded) is required at the rear of the
cushion.

Upon impact, the lightweight concrete cell crush. The void in the center of the cell fills
with concrete pieces as the cell is compressed. Then the concrete is forced outward between the
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steel wires. This action converts the kinetic energy of the impacting vehicle into work

Simultaneously, other actions are taking place that absorb the kinetic e . rk.
) ' ne of the impa

vehicle. These are: gy pacting

1. The mass of the crash cushion is being moved.
2. The crash cushion parts are being dragged along the pavement surface.
3. The parts of the crash cushion are being physically deformed.

This system has been extensively tested and a mathematical model has been developed
enabling the manufacturer to dnv«mlop standard bay arrangements which will suit most typical
crash cushion requirements.

8—-117.5 SYSTEM C6, HI-DRO CELL CLUSTER

This system functions along the same principle as the Hi-Dro cell sandwich cushion
discussed in Section 8—16.4. I is also a patented device and is manufactured and distributed by
Energy Absortion, Inc. Standard installation procedures are available from the manufacturer
The user of this Manual should consult the manufacturer to determine availability of designs.
appropiate selections, and instailation procedures. ’

Its application is limited to roadways with design speeds of 45 mph or less. It can be used
where there are space limitations and it can be arranged in various patterns to fit the object to

be protected. Typical applications 2re to shield gore walls, bridge abutments, traffic control
devices, toll booths, etc. ’

A' l?ack-up structure i1s required at the rear of the cushion. It has minimal redirection
capabilities when impacted from the side. There is no debris, with the exception of water
produced upon impact. ’

Design aids for this system are included in Appendix D of the Guide.

8—17.6 SUMMARY OF CRASH CUSHIONS

All of the operational crash cushions, with the exception of the Hi-Dro cell cluster, can be
designed to satisfy the recommended head-on impact performance criteria of Table 3..:10 for a
wide range of design conditions. The Hi-Dro cell cluster cushion is limited to roadways with a
design speed of 45 mph or less. Table §—41 suminarizes the structural and safety characteristics
of the operational systems.

There are several promﬁsing crasiy cushion systems which at present are not considered
operational. Reference should be made to Appendix B of the Guide for a summary of these
systems.

'A‘lt.hough, the Fitch Inertial Basrier System is the most commonly used crash cushion
barrier in Puerto Rico, the user of this Manual should be aware of the advantage of other
systems for specific situations. These wili be advaniageous in the proper selecti
installation of a crash cushion barrier. prop lection and

In following sections other characteristics of the crash cushion systems are presented to aid
the designer in the selection of the proper system.

818 MAINTENANCE CHARACTERISTICS OF CRASH CUSHIONS

Since all the operational systems cen be designed to meet the recommended impact
performance criteria for a wide range of design conditions, the maintenance characteristics of
the barriers can and should play a very important role in the selection process. To aid the user
of this Manual, an attempt has been made o suramarize the pertinent maintenance charac-
teristics of each crash cushion. The data is presented in Tables 8—41 and 8—42. The data in the
tables was obtained from state maintenance records where available. However, as can be seen,
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TABLE 8-39 — CENTER OF GRAVITY DATA FOR INERTIAL SYSTEM MODULES

FITCH INERTIAL SYSTEM ENERGITE INERTIAL SYSTEM
Modul . i
w,igﬂ: Core Height | Sand I?epth g::ft};:' sz Wine Glass Sand Depth Height of
15) (in.) () | Gravity (i) Core* (in.) GS:;:;’(‘;; )
200 20.6 3.5 22.6 A 28.0 24.0
400 20.5 7.0 24.5 A 31.5 26.0
700 16.5 12.0 23.0 B 32.5 24.5
1,400 1156 24.0 24.0 C 36.0 22.0
2,100 0 36.0 18.0 None** 36.0 18.0
* Energite designations
** Special container
METRIC CONVERSIONS: 1in. = 0.0254 m
11b = 0.454 kg
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TABLE 8-40 — DYNAMIC PERFORMANCE CRITERIA FOR TRAFFIC BARRIERS

Dynamic Performance
Factors

Evaluation Criteria

Applicable Criteria

Longitudinal Barriers

Standar d
Sections and
Transitions

Terminal

1. Structural

A. The test article shall redirect the vehicle;
hence, the vehicle shall not penetrate or
vault over the installation.

B. The test article shall no pocket or snag
the vehicle causing abrupt deceleration
or spinout or shall no cause the vehicle
to rollover. The vehicle ghall remain up-
right during and after impact although
moderate roll and pitching is acceptable.
there shall be no loose elements, frag -
ments or other debris that could pene-
trate the passenger compartment or
present undue hazard to other traffic.

C. Acceptable test article performance may
be by redirection, containment, or con -
trolled penetration by the vehicle.

D. The terminal shall develop tensile and/or
__flexural strength of the standard section. 4

II. Impact
Severity

A. Where test article functions by re-direc-
ting vehicle, maximum vehicle.acceler-
ation (50 msec avg) measured near the
center of mass should be Jess that the
following values:

Maximum Vehicle Accelerations (g’s)

'Lat. Long. Total

3 b 6 Preferred
5 10 12 Acceptabie

These rigid body accelerations apply to
impact tests at 15 deg, or less.

Remarks

_B. For direct impacts of test article, |

where vehicle is decelerate to a stop
and where lateral accelerations are
minimum, the maximum average
permissible vehicle deceleration is
12 g as calculated from vehicle -
impact speed and passenger com-
partment stopping distance.

111, Vehicle
Trajectory
Hazard

A. After impact, the vehicle trajectory and
_ final stopping position shall intrude a
minimum distance into adjacent traffic

B. Vehicle trajectory behing the terminal is
acceptable.
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TABLE 8-41 — SUMMARY OF STRUCTURAL AND SAFETY CHARACTERISTICS
: OF CRASH CUSHIONS

Steel Hg’ﬁ” Fitch |Energite | Hi-Dri | Hi-Dro
Item Drums Sandwich Inertial | Inertial |Cell _Sand- Cell
(C1) C‘;‘c (C3) (C4) wich Cluster
(€2 (C5) (Ce)
1. Tolerable accelerations? Yes! Yes! Yes!? Yest Yes! Yes?
2. Redirection capabilities? Yes Yes No No Yes No
3. Back-up structure required? Yes Yes No No Yes Yes
4, Debris produced upon impact? | No No3 Yes Yes No No3’
5. Anchorage required? Yes Yes No No Yes Yes

1 For any reasonable design speed.
2 For a speed of 46 mph (72.4k/h) or less.

3 Except water, Water on the roadway can increase

the potential for accidents by reducing skid
resistance of pavement.
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some of the data is based in subjective evaluations. Figures given in the tables are based on
average values of several agencies in the states, and not from values of Puerto Rico. This values
should be used as “indicators”, and values obtained from maintenance operations in Puerto
Rico used whenever possible. The three major categories given in the tables are discussed below.

8—-18.01 COLLISION MAINTENANCE FOR CRASH CUSHIONS

Special consideration should be given to this phase of crash cushion maintenance since it
will require the most effort and expenditure. Careful evaluation of items I—A, I-C, and I-F in
Table 8—41 should be performed since these items have a large influence on the maintenance
costs. Item I—F is also, significant in terms of the hazard the maintenance crew is subjected to
while repairing the barrier and the disruption of normal traffic flow.

When a particular site has a relatively high frequency of accidents, consideration should be
given to the installation of a reusable crash cushion. Hardware in the Hi-Dro cell (C2) and the
Hi-Dri cell (C5) sandwich systems is reusable for many impact conditions (head-on impacts by
automobiles traveling at 60 mph or less). Of course, water must be added to the C2 system and
the damaged cartridges must be replaced in the Cb system. A cushion with redirection panels
may be appropiate for sites with a high frequency of brush hits (or nuisance hits), or where the
potential for such hits exists.

8—18.02 REGULAR MAINTENANCE OF CRASH CUSHIONS

In general, the operational systems require relatively little regular or routine maintenance.
However, periodic maintenance checks should be performed to accomplish the appropiate
checks outlined in Requirements II—A of Table 8—42. Several instances of vandalism have been
reported with the sand inertial barriers. It is more prevalent where pedestrians have access to the
roadside. Item II—A—5 is a particularly critical item for the Hi-Dro systems (particularly in areas
where large evaporation occurs due to climatological conditions). For miner impacts, the Hi-Dro
cell cluster system and the nose of the Hi-Dro cell sandwich system can return to its original
position and thus appear outwardly that it had not been hit. However, with each impact, water
can be lost, thereby diminishing its crash attenuating capabilities for the next hit. Checks
should, also, be made to determine if leaks have occurred. Damages to any of the systems which
diminish their original attenuating capabilities should be repaired immediately.

8—-18.03 MATERIAL STORAGE FOR CRASH CUSHIONS

It will be necessary to store a certain amount of hardware and supplies for each of the
operational systems. The point to be emphasized is that a sufficient stockpile of parts must be
maintained to avoid delays in restoring a damaged barrier. Availability of parts and delivery
times should be considered before selecting a system.

In summary, the criteria in Tables 8—41 and 8—42 should be used as guidelines in
evaluating the maintenance characteristics of the operational crash cushions.

819 SITE CONSIDERATIONS IN INSTALLING CRASH CUSHIONS

Following is a discussion on the considerations to be followed for the considerations to be
followed for the selection and installation of crash cushions in different sites. This will aid the

user of this Manual in the design of crash cushion system in new locations and in corrective
measures to existing locations.

8—19.01 CRASH CUSHION INSTALLATION IN NEW ROADWAYS

It is recommended that space be reserved on all new construction for potential crash
cushion installation. This recommendation is presented in Table 8—43. Under the “minimum”
column, the “restricted conditions” represent the absolute minimums and should only be_
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TABLE 8-42 -- MAINTENANCE CHARACTERISTICS OF
OPERATIONAL CRASH CUSHIONS

Maintenance
Requirement

Steel Barrel
Cushion

Hi-Dro
Cushion

Fitch
Barrier

Energite
System

Hi:Dri
Cell

1. Collision Maintenance

A. Manpower and
Equipment

1. Crew Size

2.

3.

Expertise re-
quired

Special
equipment

6 men
welding?
flat-bed truck,

welding equip-
ment

4 men®
hardware
training

water truck,
maintenance
truck, pick-up

5 men
very little
loader,

maintenance
truck

4 men®
very little
loader,

maintenance
truck

4 men®

hardware
training

pick-up

B. Collision after
math

1.

Inmediate re-
moval of scat-
tered debris,
water, anti-
freere-needed?

. Inmediate

problem
created? ,

. Lane closure

NOCossAry

no

no

yes, to repair

yes, anti-freeze?

yeos?

yes, to repair

yes, send and
plastic
yes, debris

yes, clean and
repair

yes, sand and
plastic
yes, debris

yes, clean and
repair

no

no

yes, to.
repair

C. Restoration

1.

2.

3.

Ovenall dif-
ficulty

Any sslvageable
hardware?
Energy absorp-
tiom unit re-
usable?

above average

yos

usually not

average’

usually

usually

average

very little

no

average

very little

no

average
usually

no

D. Considerable
maintenance due
to the nuisance hit?

no

no

yes

yes

no

E. Disposal of debris
a problem?

yes

no

very little

very little

very little

F. Average exposure
time per hit
(man-hour)

34

g5 -

10

:.85

45

1 certain types of anti-freeze.
2 only if “oil slick” develops from anti-freeze or water freezes.
3 “gverage’’, amuming most of hardware reusable.
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TABLE 8-42 — (Continued)—

Maistenance Steel Barrel Hy-Dro Fitch i
! . Energit -Dri
Requirement . Cushion Cushijon Barrier sy':zne Héegn

I1. Regular Maintenance

A. General Condition
checks

1. Cushion in posi-
tion? no no yes o8
2. Vandalism y "
, damage? no yes yes o8
3. Hardware and Y e
cables intact? yes yes no no yes
4. nuisance hit? yes yes ves es
5. Water level and v ves
antifreeze quan-
tity adequate? no yes no no no

B. Painting, cleaning,
and other
treatments to
amsure adequate
appearance/per-
formance needed? yes, paint yes, paint and > yes, clean yes, clean yes, paint

and clean clean and’ clean

C. Weathering/cor-
rosion problem
due to environ-
mental/chemical
effects? yes, salt co- yes yes yes UNAV

rosion may be

a problem

I11. Material Storage
and/or Availability
Requirements

A. Dry sand stock
pile necessary? no no yes yes no

B. Modules/barrels
for replacement? yes, 55 gallon | yes, cells enough | yes, Fitch or | yes, Energity | yes,

drums toreplace © ;| Energite or Fitch vermic-
damaged Modules Modules ulite cell
replace-
ment
C. Water supply and
anti-freeze? no yes no no no

D. Hardware and con-
nections for as-
sembly? yes yes no no yes

E. Paint and/or

aesthetic cover-
ings for appear-
ance /performance? if desired if desired if desired if desired if desired
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considered where there are extremely tight geometric controls. The “unrestricted conditions”
represents the minimum for all projects except for those sites where it can be shown that the
increased cost for accommodating this dimension, as opposed to those for restricted conditions,
will be urireasonable. The “preferred” values should be considered optimum. There is no
.implication that if space is provided in accordance with these dimensions that the space will be
fully occupied by a crash cushion device. The reason for proposing these dimensions is so that if
experience shows that devices should be designed for greater ranges of vehicle weights and/or
for lower deceleration forces there will be space available for installation of such devices in the
future. In the meantime, the unoccupied reserve crash cushion space will provide valuable
additional recovery area.

The use of crash cushions, at the design stage of new projects, should alsoc be considered at
other locations. These would be hazardous sites that could not be avoided in the project.
Examples are bridge piers, overhead sign supports, and other non-avoidable rigid objects. These
sites should be designed to facilitate the installation of a crash cushion.

8—19.02 SELECTION OF CRASH CUSHIONS FOR EXISTING ROADWAYS

The selection of a crash cushion for some existing roadways may be dictated by site
conditions. The following factors should be considered in the selection.

1. Dimensions of object or hazard to be shielded — The width of object or hazard is an
important factor. While the CI, C2, and C5 crash cushions can be designed for a range of object
widths, they are not normally used to shield relatively wide objects. The C1 is usually limited to
widths of 12 feet, and the C2 and C5 systems are usually limited to widths of 7.5 feet. Inertial
barriers (C3 and C4) are more adaptable to the wider objects.

2. Structural details of object to be shielded — Systems C1, C2, C5, and C6 require a
back-up structure that is capable of withstanding the impact forces. If the object to be shielded
is structurally inadequate, provisions will have to be made to support or restrain the barrier
during impact if these systems are used. Site preparations on existing structures can be
extensive. This usually involves removing a concrete gore nose. In some instances, bridge railing
ends are revised and a concrete wall or backstop is built. A backstop or secondary barrier is
needed for inertial crash cushions where the vehicle could penetrate the cushion and plunge
down a slope.

3. Space available for crash cushion —Two dimensions must be considered with regard to
the available space. They are the length (“L” in Figure 8—LL) over which the barrier can be
placed, and the distance on either side of the barrier to the hazard (“F” in Figure 8—KK). When
length is an important design consideration, the space efficiency of a barrier throughout the
design vehicle speed and weight range will be important. The steel drum system (C1) is the least
space efficient. The other systems have mixed advantages and deficiencies in this respect.

As shown in Figure 8—JJ, the minimum distance “F” for inertial crush cushions (C3 and
C4) is 2.5 feet. Where this cannot be accomplished, a cushion with redirectional capabilities
should be cansidered (C1, C2 and C5). Care must be exercised, however, when the fendering
systems to insure that a structurally adequate transition is used between the cushion and the
object it shields. Snag points are not acceptable. If the cushion requires special anchorage, it will
have to be provided in the available space.

4. Physical conditions of the available space — The following site conditions should be
considered: .

a. The presence of a curb which could affect the performance of the crash cushion.

b. The existing surface material and condition thereof.

c. The longitudinal and transverse slope of the crash cushion area.

d. Expected temperatures and climatological conditions since some of the systems
are sensitive to them.
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TABLE 843 — RESERVE AREA FOR GORES

Dimensions for Crash Cushion Reserve Area
(Feet)
Speed Minimum
on Restricted Unrestricted
Mainline Conditions Conditions Preferred
(m.p.h.)
N L F N L F N~ L
30 6 8 2 8 11 3 12 17
50 6 17 2 8 25 3 12 33
70 6 28 2 8 45 3 12 55
80 6 35 2 8 65 3 12 70
Metric Conversions:
11t =306 m

1 mph = 1.609 km/hr
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¢. High wind and/or abnormal conditions.
f. The existence of construction or expansion joints in the crash cushion area.

Reference should be made to Section 820 for more discussion of items “a’” and “‘c¢”. With
regard to item “b", 1t is desirable that all systems be placed on a concrete or asphalt surface, but
it is essential for the stecl drums (C1), Hi-Dro cell sandwich (C-2), and the Hi-Dri cell sandwich
(C5). 'This permits the systems to slide back with uniform response during an impact. In the case
of the inertial crash cushions (C3 and C4), the paved surface provides uniform support for the
modules. In addition it provides a surface on which the pattern and weights of the modules can -
be marked. This help maintenance forces in subsequent restorations after impacts. The
following comments are offered with regard to items “d” and “e’™:

1. When the 11-Dro ¢ell sandwich and cluster crash cushion is instailled where extremely
hot weather is prevalent, extra consideration of water loss due to evaporation is needed. A thin
layer of mineral oil on top of the water will provide added protection against evaporation loss.

2. Some models of the sand filled barrels deteriorate when subjected to vibration such as
oceur on bridges. High winds might contribute to this problem or cause crash debris control and
cleanup problems.

With regard to item “f”, special design accomodations may be necessary for those systems
that require anchorage.

8- 20 CRASH CUSHIONS SELECTION GUIDELINES

The number and complexity of factors which enter the selection process for crash cushions
prelude the development ol a simple selection procedure. Each operational system has its own
unique physical and functional characteristics. In some cases, one crash cushion will stand out as
the most appropiate, while in other cases two or more crash cushions may be considered
essentially cqual in performance. Listed and discussed below are factors which should be
evaluated before marking a selection. The factors should be evaluated in the order given,
although they are not necessarily listed in order of importance.

It is assumed, that a crash cushion is warranted and that a selection must be made.

1. Site considerations -~ The first item to he evaluated is the site conditions. Factors to
ovaluate include dimension of object being shielded, structural characteristics of object to be
shielded, available space for cushion, and physical conditions of site. Reference should be made
to Section 8 19 for a discussion of all the factors related there to. In many cases, the site
conditions will establish the type of barrier needed.

2 Structural and safety characteristics of candidate systems — If more than one system
can be used, the designer should carefully evaluate the structural and safety characteristics of
each candidate system. These include factors such as impact decelerations, redirection
capabilities, anchorage requirements, debris produced by impact, and back-up structure
requirements. The most crashworthy system should be installed. Reference should be made to
Section 8--17 for a discussion of the structural and safety characteristics of operational systems.
Table 844 through 8—46 summarizes crash cushion accident data. These tables should be used
with discretion since this data is from various states and not from Puerto Rico. There are wide
géographic and time variations in unit costs of labor and material.

3. Maintenance characteristics and aesthetic appeal — Not too infrequently the most
appropiate barrier will still not be evident after evaluating items 1 and 2 above. The
maintenance characteristics of each barrier may therefore play an important role in the
gelection.Sectic n 8—18 identifies the pertinent facts and provides guidelines to aid in evaluating
the maintenance and aesthetic characteristics of the operational systems.

4. Cost - Limited cost data has indicated that some crash cushions are more expensive
than others. This variation in cost can readily be seen in the components in which go to make
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up the systems and the installation effort required. The designer should, if other design factors
for the site under consideration have not indicated the one best crash cushion, employ
engineering economics so as to arrive at the least expensive system over the estimated life of the
system. The economic factors to be considered are initial cost, maintenance costs, vehicle
damage and occupant injury costs, time value of money, life of the system, and salvage value. A
procedure is included in Chapter VII of the Guide that can be used to evaluate these factors.
The user of this Manual should refere to that procedure.

Table 8--47 shows initial cost indications based on a very few installations. Reference
should be made to Section 8—18 and Tables 8—41 and 8—42 to aid in estimating maintenance
costs and salvage value. All of the approved systems will produce damage to impacting vehicles
whether hit on the nose or on the side. Experience does not indicate that one system is better
than the other in this respect. Naturally, the higher the impact speed, the higher the degree of
damage. Field experience has shown that most vehicles which impact crash cushions are driven
away.

8-21 CRASH CUSHIONS PLACEMENT RECOMMENDATIONS

It must be recognized that all of the crash cushions were designed and tested for relatively
level terrain conditions. Adverse and unacceptable performance can be expected if the barrier is
placed on or behind certain terrain conditions. The crash cushion should be placed on a
relatively flat surface (5 percent slope or less) and that there be no appurtenances between the
traveled way and the barrier.

Two prominent roadside features which the designer must often contend with are curbs
and slopes. Both of these features can cause an errant vehicle to rise above the terrain and
become airborne and reach undesirable roll and pitch angles. Curbs should never built where
crash cushions are to be installed. Existing curbs where cushions are to be installed should be
removed.

For roadside or median installations, it is desirable that the shoulder be extended to
provide a relatively flat approach area to the cushion.

Unanchored crash cushions (C—3 and C—4), when placed on elevated gores, may crack due
to vibration of the structure. The designer should assure the adequacy of their design from
manufacturers.

Figure 8—MM shows examples of median and roadside hazards which can be shielded -
either totally or partially: by crash cushions. The approach area should be flat and have no
appurtenances between the traveled way and the cushion. Selection of the barrier angle, ©,
should be based on the probable impact angle of encroaching vehicles. For most roadside
conditions, an angle of 10 degrees should be used for design purposes.

All of the operational crash cushions can probably be adapted to shield rigid objects such
as those shown in Figure 8—LL. However, with the possible exception of the median barrier end
treatments, the inertial barriers (C3 and C4) are more easily adapted to shield rigid objects than
others. Standard model IE of the Puerto Rico Highway Authority, make use of the Fitch
Inertial Barrier System (C3), to shield bridge piers and concrete median barrier (CMB).

These crash cushions do not require a back-up structure. Also, if exposed, the rear part of
other barrier systems may itself be a significant hazard. Such problems would arise for median
installations. With the inertial barriers (C3 and C4) this problem does not exists. For non-inertial
systems a careful design of transition and attachment details should be adapted to overcome this
problem.

If the conditions for the installation of a crash cushion barrier system can not be met, then
a longitudinal roadside barrier with the transitions and crashworthy end treatments, as
previously discussed in this chapter, should be installed.

8—108



822 COST OF FLATTENING A SLOPE VERSUS PROVIDING A
TRAFFIC BARRIER

Before specifying the use of a traffic barrier, a study should be made to determine the
feasability of flattening the embankment slope to eliminate the need for the barrier. In some
instances it may be possible to flatten the slope through the use of waste excavation material,
additional excavation material or even borrow at little or no additional cost, thus providing a
safer roadside by avoiding the use of a traffic barrier.

In comparing the cost of flattening a slope versus providing a traffic barrier two basic
elements can be readily quantified and analyzed — the additional embankment material and the
additional right-of-way width required. Figure 8 —NN includes the basic equations to compute
the additional fill volume and additional R.O.W. width required to flatten an embankment slope
placed on level ground. Figure 8—PP includes the equations for these computations for the
conditions where the existing ground slopes upward or downward.

An example of the application of the above analysis is illustrated in Table 8—48 and 8—49.
Table 8—48 shows the additional fill volume and R.O.W. width required per lineal meter of
roadway (one-side only) to flatten a fill slope from 2:1 to 4:1 for various heights of fill and
various existing ground slopes. It should be noted that as the upward ground slope increases in
steepness the additional fill volume and R.O.W. width required to flatten the slope decrease
substantially from those required for level terrain. Conversely, as the downward ground slope
increases in steepness the additional fill volume and R.O.W. width required increase
substantially.

Table 8—49 shows the net additional costs of flattening the fill slopes for the conditions
given in Table 8—48 and applying the basic formula (K=ACp+WCR-CG) given in Figure 8—NN
using unit costs of $2 /Cu.M. for fill material, $1/Sq. M. for R.O.W. and $35/L.M. for guardrail.
1t should be notecl that, under these units costs, it is actually more economical to flatten fill
slopes up to 3 meters high in level terrain, 4 meters in moderately upward sloping terrain and 6
meters in steep upward sloping terrain, thanto use guard rail. For moderately downward sloping
terrain the additional cost of flattening for fill heights of 3 meters is only $1/L.M. of roadway
but increases to $155/L.M. for the same height in steep downward sloping terrain.

For rural highways with relatively low R.O.W. costs, as in the above example, the cost of
the additional fill material required has a more predominant effect in the economic evaluation
than the additional R.O.W. width required. However, at urban locations the R.O.W. width
2quirement beconaes the predominant factor in the analysis.

The above example considered only the initial costs of the fill material and guardrail.
Actually the analysis should consider that the guardrail will have to be replaced at least once
during the life of the fill and, therefore, double the unit price of guardrail should be used in the
economic evaluation. Introducing this change in the above example would show that, on level
terrain, the flattening of the fill slope would result in the net savings in cost for embankments
up to about 5 meters in height.

Furthermore. the economic benefits of a reduction in accidents and the reduction in future
maintenance costs attained by the elimination of the guardrail and the flatter side slopes will
justify the flattening of fill slopes even at a modest increase in initial roadway costs.

In Chapter VII of the Guide another Cost-Effective Selection Proacedure is presented. This
procedure takes in consideration initial costs, maintenance costs, and accident costs. .

With regard to traffic barriers, the cost-effective procedure can be use to evaluate three
alternatives: .
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TABLE 844 - FIELD DATA ON CRASH CUSHIONS, A
Accident Data
Reference Average Average R -
System (Publication Initial Repair | No Hit Severity Comments
Date) Com 1§ Cost/Hit 2 of -
Hits | P.D.O. 3| Injury Fatal
115 $ 5,323 8) $ 295 (15) 66 53 12 1 Only barrier fail-
(1973) ure occured when
6 ton truck rolied
over after impact.
118, 180 $ 8.000 to $ 750 (25) 25 17 7 1
(1974, 1974) | $10,000 {3}
117 $ 5.800 (3) $1,110 (8) 8 UNAV UNAV UNAV
{1975)
c1 99 | $ 5,600 (49) - UNAV 160 96 25 1 Data for 1974 only
. {14/5) ’ {in Texas).
Steel Lo T — —_
Drums 125 $ 7,500 (2) $ 400 (2) 2 UNAV | UNAV | UNAV
(1973}
127 UNAV $ 666 (19) 19 UNAV UNAV UNAV
{1974) 1l
12 - Data from referenced report no available at this writing------------=eeeeoot
(1976 Est.) !
o it S W e
131 UNAV $ 421 (5) 5 UNAV UNAV UNAV
(1974)
115 $ 4941 (23) | $ 221, (42} 106 89 16 1 Three barrier fail-
(1973} ures (al! rollovers);
auto at 60 mph.

J tractor-trailer.
truck, auto vaul-
ted by 10-inch
curb.

118, 130 $14,000 1o $ 237 (59} 59 4?2 16 1 Fatility resulted
(1974, 1974) * $21,000 (22} ° when open gas can
c-2 X i in front of passen-
Hi-Dro ger compartment
Cell ignited.
Sand-
wich 117 $15,700 {11) $ 103 (22) 22 UNAV UNAV UNAV
{1975)
116 UNAV $ 452(2) 2 2 0 0
(1870)
121
(1974) UNAV $ 39517) 17 16 1 4]
123
{1974) $12,500 (10) $ 113 (26) 26 UNAV UNAV UNAV
125 $10,500 (22) $ 260117} 64 UNAV UNAV UNAV
{1973)

TNumber In perenthesis is number of instaliations on which average installation cost is based.

2Number in parenthesis is number of hits on which average repair cost is bases.

3Property damage only.
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TABLE 845 — FIELD DATA ON CRASH CUSHIONS, B

Accident Data
Referenes Average Average
System (Publication Initial Repakx No. Hit Soverity
Date ) Cost 1 Cost/HN2 of Comments
Hits |pD o.’! Injury | posal
127 UNAV $ 25717 17 IUNAV | UNAV | UNAV
(1974)
c2 B - ”
{Continued) L I B Deta from refersnced report not sveliable st this writing ---------------- -
{1976 Est.)
132 UNAV $ 211 (72) 72 63 9 0
(1974)
133 $6188(2)41$ 112(5) 5 5 0 0
{1973)
116 $2557(25) |$ 9e8(62) |188 |10 |16 2 Thres berrier fell- -
(1973) ures (all rollover);
auto gt 70 mph.
2 1/2 ton truck,
auto st 90-100
118,130 | $ 3,000 to $ 730 40) 40 38 2 0
(1974, 1974)) | $ 7,000 (10)
117 $5560(4) |8 48409 8 |[UNAV | UNAV | UNAV
c3 {1978)
Fitch
inertiel ) UNAV UNAV 13 ] 7 0 Data for 1974 only
{1978) (in Texas).
120 UNAV UNAV 42 |30 12 o
(1978)
121 UNAV' $ 386 (69) §9 {58 1 0
{1974)
122
(7 UNAV $ 947 (23) 2 |28 1 0
123 $3000(44) | $ 850(264) | 254 [UNAV | UNAV | UNAV
i 1 |
124 UNAV $ 938 (53) §3 |45 8 0
(1974) _ o
126 $ 2,500 (4) | $1,500 (4) 1 |UNAV | UNAV| UNAV
(1973)
126 $ 1,812(15) | ¢ 067 (64) 54 |UNAV | UNAV | UNAV
{1976 Est.)
127 UNAV $ 408 (27) 27 |uNav | unav ]| unav
(1974)
112 — ~Data from nflr]md report not avaiisble at this writing————————eeeeeee
(1976 Est.) | | 1 |

TNumber in persnthesis is number of instalistions on which average installation costo is bases.
2Number in persnthesls is number of hits on which sverage repeir cost is bases

3property damaege only.
4Does not include site preparstion.
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FIELD DATA ON CRASH CUSHIONS, C — TABLE 8-46

| Refer- Accident Data
ence Average Average Hit Severity
Publi- Initial Repair No
System . cation Cost ! Cost/Hit 2 °f 1 PD.0.3| Injury | Fatal Comments
 Date) Hits
131 UNAV $1,408 (28) | 28 UNAV | UNAV | UNAV
(1974) ]
c-3 132 |uNav $ 568(6) | 6 4 2 )
(Continued) ’ (1974)
133 |$3,743 (3)* | § 980 (24) | 24 22 2 0
(1973)
C-4
Energite | = -rrerememr e neeees No data available on this system ---4------- -
Inertial
Barrier
C-5 Initial cost
Hi-Dri 118 UNAV $ 325(3) 3 2 1 0 reported to be
Cell (1974) “similar’ to C-2
Sandwich system
C-6
Hi-Dro Cell | 131 |UNAV $ 70(24) |24 | UNAV | UNAV| UNAV
Cluster (1974) ]

1 Number in parenthesis is number of installations on which average installation cost is based.
2 Number in parenthesis is number of hits on which average repair cost is based.
3 Property damage only,

4 Does not include site preparation.

INITIAL COST INDICATIONS FOR CRASH CUSHIONS

TABLE 847
Low Moderate High
Initial Initial Initial
System Costs Costs Costs
C1 — Steel Drums J/
C2 — Hi-Dro Cell Sandwich v
C3 — Fitch Inertial v
C4 — Energite Inertial v
C5 — Hi-Dri Cell Sandwich v
C6 — Hi-Dro Cell Cluster v




1. To remove or reduce hazard so that shielding is unneccessary.
2.  To install a barrier.
3. Leave the hazard unshielded.

The third option would normally be cost effective only on low volume and/or low speed
facilities, or where the probability of accidents is low. With regard to item 2, the procedure
allows the designer to evaluate any number of barriers that can be used to shield the hazard.
Each location and its alternatives should be approached on an individual basis. Through this
method the effects of average daily traffic, offset of barrier or hazard, size of barrier or hazard,
and the relative severity of the barrier or the hazard can be evaluated.

The user of this Manual should have present the cost-effective procedure presented in this
section and the one in the Guide when designing traffic barriers. The recommendation given at
the beginning of this Chapter should always be kept in mind, “a barrier should be installed only
if it is clear that the barrier offers the least hazard potential of all alternatives considered”.

8--23 FENCING

Fencing is a longitudinal barrier erected to prevent unwanted intrusion of animals, people,
vehicles, ete. from outside the right-of-way into the vicinity of moving traffic. It is also used
within the right-of-way to control pedestrian movements and to prevent vehicles and people
from entering or leaving controlled-access traveled ways at unauthorized places. Special fencing
may also be used to eliminate headlight glare.

8--23.01 FENCE TYPES
The Department has two basic types of fences covered by standard model plans as follows:

1. Barbed Wire Fence

This is a four-strand barbed wire fence using three types of posts: A— Reinforced Concrete
Posts, B— Timber Posts, and C— Steel Posts. The barbed wire fence is used along the ROW line
in rural areas primarily to prevent the encroachment to animals into the traveled way and
becoming a menace to traffic. It is also used on controlled-access highways in sparsely populated
rural areas to prevent the intrusion of people, vehicles, animals into the controlled-access lanes.

2. Chain Link Fence

There are two types of standard chain link fence. The ROW type (2A) has a top pipe rail
and is to be used only at locations well removed from the highspeed traveled ways where there
is little likelihood of it being struck by errant vehicles.

The other type (2B) has a galvanized steel wire cable as the top longitudinal element.
This Lype is to be used at all locations requiring chain link fence where its proximity to the
traveled ways exposes it to possible impacting by errant vehicles.

Chain link fence is primarily used on controlled-access highways in urban and
suburban areas, and in rural areas in the vicinity of schools, industrial plants, clusters of
dwellings and other generation of pedestrian and vehicular traffic.

A third type of fence will be prepared in a near future, to be used also as a standard, in the
Commonwealth. This will provide for the utilization of woven wire fence as an alternate to the
chain link fence just discussed.

Special purpose fencing shall be used for controlling headlight glare but not for screening
junkyards.

8 23.02 WARRANTS FOR USE

The basic warrant for fencing is the safety of traffic movement, both vehicular and
pedestrian. On this basis the appropriate type of fencing shall be installed:
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1. On all controlled-access highways.

2. Along the right-of-way line of all other rural highways.

3. At any location, urban or rural, where needed to protect pedestrians from adjacent
hazards such as steep embankments, wall drop-offs, etc. At some of these locations a bridge
type railing may be appropriate or a combination of guardrail and fencing may be required.

4. At locations where pedestrian overpasses or underpasses are provided and fencing is
needed to prevent hazardous at-grade crossing of the highway by pedestrians.

8—23.03 LOCATION

Fencing is normally installed along the right-of-way line. However, on controlled-access
highways with frontage roads or streets within the right-of-way, the controlling fencing is
erected in the outer separators between the through lanes and the service road but as close to

latter as possible.

Care must be taken in the design and location of fencing at intersection to avoid unsafe
restriction of sight distances.

8—24 REFERENCES

‘The designer of traffic barriers should have access to and be familiar with the following .
guides.
1. AASHTO

a. Guide for Selecting, Locating, and Designing Traffic Barriers —1977. When
“AASHTO Barrier Guide™’ title appears in Figures and or Tables of this Chapter,
it refers to this publication.

b. A Policy on Design of Urban Highways and Arterial Streets — 1973

¢. An Informational Guide on Fencing Controlled Access Highways — 1967

d. Highway Safety Design and Operational Practices Related to Highway
Safety — 1974

2. Transportation Research Board

a. NCHRP Report 118 on Location, Selection and Maintenance of Highway Traffic
Barriers — 1971

b. NCHRP Report 129 on Guardrail Crash Test Evaluation — New concepts and
End Designs — 1972

3. American Road Builders Association

a. Technical Bulletin 268 -~ A Guide to Standardized Highway Barrier Rail
Hardware — 1971 i
b. Technical Bulletin 268-A — A Supplement to Technical Bulletin 268

4. Federal Highway Administration

a. Crash Cushions — Selection Criteria and Design — 1975
b. Handbook of Highway Safety Design and Operating Practices — 1973
c.  Roadside Safety Design — 1975

The technology of traffic barriers is still developing through continuing research and
experimental installations. The designer should be alert for publications covering new concepts
and hardware, particularly those of the AASHTO, Transportation Research Board, and
the FHWA.
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DEFINITIONS |

H — HEIGHT OF FILL (M.) BELOW EDGE OF SHOULDER.
S,S,,S, — GROUND AND FILL SLOPES EXPRESSED AS
THE RATIO OF HORIZONTAL TO VERTICAL.

A — ADDITIONAL VOLUME (CU.M.) OF FILL REQUIRED
PER LINEAL METER OF ROADWAY.

W — ADDITIONAL WIDTH (M) OF R.O.W. REQUIRED BY
FLATTER FILL SLOPE.

C, - COST OF FILL PER CU. M.

Cp— COST OF R.O.W. PER SQ.M,

Co —COST OF GUARDRAIL PER L.M.

K — ADDITIONAL COST TO FLATTEN FILL SLOPE AND

ELIMINATE GUARDRAIL PER L.M. OF ROADWAY.

BASIC EQUATIONS |

w =

A =

K =

NOTE

H (S,— S,)

o HW = /5 HE (S, - 5,)

ACF+ WCR_CG

- FOR EQUATIONS WHEN FILL 1S ON SLOPING TERRAIN
SEE FIGURE 8-D.

GUARDRAIL VS. FLATTER FILL SLOPE

IN LEVEL TERRAIN
FIGURE 8- NN
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GROUND SLOPE UPWARD

>
"

!
H (3/st+:)
H o — H,

)
S/s’ + |
H - H3

Ho(

Hy S = H, S,
HzSg_D

l/2 HW

Ha

o] x

w

.

GROUND SLOPE DOWNWARD
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COMPUTATION OF ADDITIONAL ROW. WIDTH AND_

FILL AREAS FOR VARIABLE FILL SLOPES

ON

SLOPING TERRAIN

FIGURE 8- PP
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TABLE 8-48

ADDITIONAL FiLL AND R.OW. WIDTH REQUIRED PER LINEAR METER OF ROADWAY BY FLATTENING
FILL SLOPE FROM 2.1 TO 4.1 FOR VARIOUS HEIGHTS OF FILL AND GROUND SLOPES

GROUND SLOPE ({H)HEIGHT OF FILL IN METERS AT EDGE OF SHOULDER
(S)
2 4 5 6 7 8 S {o]
ADDITIO 3
STEEP IONAL FILL{M®) 3.6 6.4 9.9 14.3 19.5 25.2 32.2 39.7
o (5°1) '
i ADD. ROW. WIDTH(M.) 2.4 3.2 4.0 4 .8 5.6 6.3 7.2 7.9
3
a ADDITICNAL F s 6.9 2. ; . . .
S MODERATE NAL FiLL{M") 2.2 {9.2 27 .0 36 .8 48 .3 6i.2 75 .6
(20:.1) L
ADD. R.OW. WIDTH(M.) 4.6 6.1 7.7 8.0 i0.5% (2.1 13.6 15 .1
ADQ!T?ONALFILL(MS) 9.0 le .0 25.0 326 .0 49 .0 64.0 8i.C01100.0
LEVEL
ADD. ROW. WIDTH(M.) s.C 8.0 {0.0 2.0 iq9 .0 1€ .0 18.0 20.0
ADDITIONAL FlLLst} |1 2.6 22 .4 34 .5 49 .8 67.9 88.8{i112.51139.0
a MODERATE
14 (20:.1)
< ADD. ROW WIDTH(M.) 8.4 I1.2 {13.8 {6.¢ 19 .4 22.2 25 .0 27 .8
3
Z .
g STEEP ADDITIONAL F!LL(MS) 75.01133.31208.41300.01408.3 533 41675.0/823.3
e (5:1)
) ADD. ROW. WIDTH (M.} 50.0 66 .7 83.41100.01116.7 133.4 {150.0]|166.7
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TABLE 8-49

NET ADDITION~AL COST (DOLLARS) PER LINEAL METER OF

ROADWAY OF FLATTENING FILL SLOPE FROM 2.1 TO 4.1

FOR VARIOUS HEIGHTS OF FILL AND GROUND SLOPES™*®

HEIGHT OF FILL IN METERS AT EDGE OF SHOULDER
GROUND SLOPE :
3 4 5 6 7 8 9 10

STEEP
~ — - - - 9 37 52
¥ (5 1) 25 19 I 1 I 22
a
> MODEBATE - 17! - 4 9 28 49 74 101 131

(20°1)

LEVEL - 5 25 349 77 109 145 185

~ | MODERATE
I 81 120 165 215 271
- (20:1) : 2l 48
Z
2
8 S(TSEE? 165 298 465 665 898 | 1165)] 1465 | 1798
% BASED ON FILL AT $§2/CU.M., R.O.W. AT $1/SQ.M,AND GUARDRAIL AT

$ 35/L.M. NET COSTS ROUNDED TO NEAREST DOLLAR.






