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Movable Concrete Median Barrier

Risk Analysis

JamEes E. BRYDEN AND NICHOLAS J. BRUNO

A movable concrete safety-shape barrier was proposed for use in
a reversible-lane configuration on the Tappan Zee Bridge of the
New York State Thruway. Previous tests had indicated that this
barrier provides performance comparable to that of standard rigid-
concrete safety-shape barrier, except for deflecting laterally on
impact. Because of the narrow median width on this structure,
concern arose that an impact on this barrier might cause it to
deflect into opposing traffic, causing interference with another
vehicle. This paper describes a model developed to assess the risk
of interference collisions. Traffic and geometric conditions on the
structure and the barrier’s deflection characteristics were used to
calculate the probability that a primary impact on the barrier
would result in interference with opposing traffic. The model was
programmed on a microcomputer spreadsheet to facilitate exam-
ination of various input parameters. For the conditions examined,
the risk of interference impacts with opposing traffic is low, even
though the barrier deflects into the adjacent lane for some impacts.
This low risk can be weighed against the benefits anticipated from
use of the movable barrier to determine whether its introduction
is justified.

Based on concepts developed in Australia, a movable seg-
mented concrete safety-shape barrier and transfer machine
are now commercially available in the United States. A lim-
ited number of installations have been completed in this coun-
try (I) and in Europe. Consisting of free-standing, hinge-
connected, 3.3-ft segments of reinforced-concrete barrier, this
system can be installed in any total length required and quickly
repositioned laterally using the transfer machine. With the
exception of lifting notches incorporated near the top, this
barrier’s cross section is essentially equivalent to standard
concrete safety-shape median barrier (CMB), including its
height of 32 in and base width of 24 in.

Because it can be quickly and easily repositioned laterally,
this barrier has been suggested for use where the lane con-
figuration must be adjusted periodically, such as in construc-
tion zones and reversible traffic lanes. Recently, it was con-
sidered for a reversible-lane configuration on the Tappan Zee
Bridge of the New York State Thruway.

This 3-mi bridge provides the only Hudson River crossing
in a 30-mi section immediately north of New York City. It
connects Rockland and Westchester counties, both densely
populated suburban areas, and provides the major commuter
route into the New York metropolitan area for residents on
the river’s west side. Constructed in the 1950s, the bridge has
since been rehabilitated to keep pace with increasing traffic
demand (2). The available deck width of 84 ft from curb to
curb is currently configured as seven lanes—four eastbound
and three westbound. A CMB conforming to the standard
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MB-5 configuration was installed to replace the previous steel
median barrier when the structure was reconfigured from six
to seven lanes in 1986.

The morning eastbound traffic peak is more compressed,
having higher hourly volumes than the evening westbound
peak, so four lanes were provided to accommodate morning
peak volumes. The three westbound lanes currently handle
evening peak traffic at an acceptable level of service. How-
ever, anticipated traffic growth is expected to reduce this level
of service during the evening peak. One proposal to accom-
modate this westbound increase is a reversible lane on the
bridge. The number of lanes open to traffic in opposing direc-
tions would be adjusted, using the movable CMB (MCMB)
to meet traffic demand. Although this scheme would normally
result in a four-three lane configuration during peak hours,
consideration could also be given to accommodating a five-
two configuration for special events generating abnormally
high directional peaks.

Safety considerations dictate use of a positive traffic bar-
rier—a median barrier—to separate opposing traffic flow on
the bridge, and that requirement would continue to apply if
a reversible-lane operation were adopted. Because the MCMB
can quickly be shifted laterally to reverse the lane configu-
ration, with only minimal disruption to traffic, it offers an
attractive solution to this problem. Based on tests completed
by the manufacturer (3) and by the California Department of
Transportation, this barrier is expected to meet NCHRP Report
230 (4) criteria for structural adequacy, occupant risk, and
vehicle trajectory. However, unlike most permanent CMB,
which is essentially rigid, the new barrier deflects laterally on
impact. Depending on the exact joint configuration used,
deflections of several feet have been observed for passenger
car impacts listed in the recommended test matrix in NCHRP
230. For the Tappan Zee Bridge, both the existing and pro-
posed configurations include lane widths of about 11 ft 6 in,
with traffic immediately adjacent to the barrier on each side
(see Figure 1). Thus, any substantial lateral deflection result-
ing from an impact on one side of the MCMB may involve
vehicles on the opposing side. Considering the heavy traffic
volumes, this could have severe consequences in terms of a
chain-reaction collision and resulting traffic congestion during
peak-flow periods.

Evaluation factors presented in NCHRP 230 do not include
specific provisions for evaluating movable or temporary bar-
riers. Test vehicles must be contained on the impact side of
any barrier tested, but controlled lateral deflection is consid-
ered acceptable. Although the report does not specifically
preclude deflection into the opposing lane, it is clear that
interference with opposing traffic would not be considered
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FIGURE 1 Proposed lane configuration for the Tappan Zee Bridge.

acceptable. A stronger hmitation on lateral deflection is included
in the 1977 AASHTO barrier guide (5), which states that *‘a
semi-rigid system with a dynamic deflection greater than one-
half of the median width (assuming barrier in the middle of
the median) is not acceptable.” This statement is interpreted
as prohibiting any barrier deflection into an opposing lane.

The analysis described in this paper was undertaken to
evaluate the risk of secondary collisions with opposing traffic
resulting from impact deflection of the MCMB. Other than
the references previously cited, no guidelines specifically con-
sider the risk of opposite-direction involvement in establishing
acceptable performance limits for movable barrier. This paper
describes a methodology developed to determine this risk and
examines the effects of several design parameters.

DEVELOPMENT OF A RISK PREDICTION
MODEL

The possibility that the MCMB could be deflected into oppos-
ing traffic by a vehicle impact was a major concern in the
proposed installation on the Tappan Zee Bridge, and a pro-
cedure was needed to assess the risk of opposing-traffic
involvement, also called “‘interference accidents.” Deflection
characteristics of the proposed MCMB had previously been
defined by Nordlin (3). Knowing traffic density and distri-
bution on the bridge as well as the deflection characteristics
of the barrier, it is possible to calculate the risk of a secondary
interference accident for an initial impact of any given sever-
ity. Because the current median configuration on the Tappan

Zee Bridge was only installed in 1986, historic accident data
for this facility are scarce and do not include information on
impact severity. Similarly, median encroachment data for
facilities of this type are virtually nonexistent, making it
impossible to predict median accident rates with a reasonable
level of certainty. Thus, an alternative approach was devel-
oped that did not rely on actual accident histories or a highly
reliable prediction of encroachment rates. Instead, the out-
come of an encroachment toward the median was examined
and summarized for each vehicle in the traffic stream. Because
of the bridge’s high traffic density, some encroaching vehicles
would collide with other vehicles and thus not with the MCMB,
but others would impact the barrier.

On the basis of the structure’s traffic density, the maximum
possible number of collisions with the MCMR can be calcu-
lated and the maximum possible impact speed and angle
defined. By including data on vehicle weight, total impact
severity can be established for these collisions. Based on known
deflection characteristics of the barrier for the defined dis-
tribution of impact severities, and known distribution of traffic
in the opposing lanes, the number of these collisions that
would result in secondary interference accidents can also be
calculated. The risk of such accidents is then defined as the
total number of interference accidents divided by the maxi-
mum possible number of collisions with the MCMB. The
actual number of interference impacts would, of course, be
the most valuable information for determining the MCMB’s
suitability. Because that information cannot be obtained with
reasonable reliability, the risk of interference impacts, expressed
as a percentage of all median barrier impacts, provides an
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alternative approach. The procedure developed gives the upper
limit of this risk so potential costs and benefits associated with
the proposed design can be compared.

Based on traffic patterns on this structure, it became appar-
ent that the reversible-lane configuration was required for
only 3 hr during the morning peak and 4 hr during the evening
peak. During these periods, four lanes would be required in
the peak direction and three in the offpeak, with the MCMB
separating opposing traffic. (“Offpeak” refers to lanes car-
rying traffic opposed to the peak lanes; “nonpeak” refers to
hours when less traffic is carried than in peak periods.) For
the remaining 17 hr, with only three lanes required in each
direction, the MCMB would be positioned in the middle of
the center lane. This configuration would provide a median
shoulder about 6 ft wide, essentially eliminating any risk of
barrier deflection into opposing traffic during those hours.

During the seven peak hours, traffic volumes (and density)
varied considerably by hour and direction. Traffic density
controlled both the probability of an encroaching vehicle
impacting the barrier and that of a secondary interference
impact with an opposing vehicle. The probability of a sec-
ondary collision is also related to barrier deflection, which is
a function of impact severity. Impact severity is in turn a
function of impact angle, which varies according to the lane
where encroachment originates and the vehicle’s speed and
weight. Thus, to determine the total possible number of bar-
rier impacts and interference impacts, it was necessary to
conduct the analysis for each hour, each lane and direction,
and each vehicle weight class. Because of the large number
of categories (seven lanes X 7 hr X five vehicle classes =
245), this problem was well suited to solution on a microcom-
puter spreadsheet. A model was developed and programmed
on Supercalc 4 software operated on an IBM XT computer.
This program calculated possible barrier impacts and inter-
ference impacts for the 245 classes and provided the total for
each. Although this particular model was developed for the
lane configuration and 7-hr peak period on this structure with
five specific vehicle weight classes, the spreadsheet can be
easily modified for alternative situations.

Risk of an interference impact is defined by the following
simple equation:

R = N/N; x 100 (1)

where

=
I

= risk of interference impact (percent),
N, = maximum possible interference impacts per day, and
N; = maximum possible barrier impacts per day.

N7 and N, are calculated by the spreadsheet program and
are defined by the following equations:

Ny = 3(VIN) x Py, 2)
where

V = hourly directional traffic volume,

N = number of lanes in the direction considered, and
Py, = probability of the encroaching vehicle impacting the
barrier.
and
N, = % Ny X Poar X Prong (3)

where

P, o+ = probability that an opposing vehicle is within the
lateral deflection zone of the impacted barrier,
and

probability that an opposing vehicle is within the
longitudinal interference zone of the impacted
barrier.

Il
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The summations include encroachments from each travel
lane and direction, each of the seven peak hours, and each
vehicle weight category. Each of these parameters are func-
tions of several other factors, including roadway geometry,
pavement friction, traffic speeds, barrier deflection charac-
teristics, and driver reaction times. The relationships describ-
ing each of these primary parameters, as well as the secondary
factors, are discussed below.

Vehicle Speed, Impact Angle, and Weight

Vehicle speed affects impact severity and also controls the
maximum impact angle the encroaching vehicle can achieve.
For this facility, traffic speeds rarely exceed 45 mph in the
peak direction; thus, that speed was selected for the peak side
in this analysis. In the offpeak direction, speeds up to 60 mph
are encountered, so this higher speed was used on the offpeak
side. The speeds selected represent upper limits above which
few vehicles operate. They are conservative in that many more
vehicles operate below these speeds than above; impact sever-
ity based on them is rarely exceeded but is often not reached.

The maximum impact angle a vehicle can achieve is related
to its speed, the roadway friction, and the width of roadway
available according to the following relationship:

cos 0 =1 — gy/V2 (u + ¢) 4

where

impact angle (radians),

= gravitation constant (32.17 ft/sec?),

offset from vehicle center of gravity to the barrier (ft),
pavement friction coefficient,

pavement sideslope, and

vehicle velocity (ft/sec).
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This relationship defined the impact angle used for New
York’s early crash test evaluations of traffic barriers (6). For
this analysis, a pavement friction value of 0.70 was combined
with a pavement sideslope of 0.04 to obtain a total lateral
resistance factor of 0.74. Maximum impact angles were cal-
culated for each lane and design speed, using this lateral resist-
ance value and rounded to the nearest 5° as follows:

Lateral Impact
Offset Angle
Lane €3] (degrees)
Peak side (45 mph)
1 40.50 35
2 29.00 35
3 17.50 25
4 6.00 15
Offpeak side (60 mph)
1 29.00 25
2 17.50 20

3 6.00 10



The maximum possible angle from the extreme right lane
(lane 1) was limited to 35° for this analysis. Even though the
calculated value slightly exceeded this figure, actual collisions
rarely exceed an impact angle of 35° at this speed, and most
are less severe. Thus, using this value is still conservative in
terms of all encroachments originating from this lane. As with
impact speed, this analysis is made conservative by using the
maximum achievable angle to define all collisions, because
many collisions involve less severe impact angles. Roadway
alignment— horizontal and vertical curvature—may also affect
impact angie. However, curvature on this structure is slight,
and the effects tend to be self-canceling when traffic in both
directions is considered. Roadway alignment thus was not
considered in this analysis.

During peak hours, large trucks and buses constitute a smail
proportion of all traffic on the bridge. Further, experience
has shown that collisions involving trucks and buses, which
are unable to achieve high impact angles, rarely exceed the
impact severity of the most severe passenger car impacts. It
was considered acceptable to assume that all traffic on the
bridge consisted of passenger vehicles, for the following rea-
sons:

e Maximum possible impact severity for passenger cars was
included in the analysis.

@ Flatter angles were typically involved in truck or bus
impacts.

® The proportion of truck and bus traffic during peak hours
was low.

@ The level of protection for large vehicle impacts provided
by current standards is less than for passenger cars.

Although some proportion of vehicles are also light trucks
and vans, which are somewhat heavier than the heaviest pas-
senger cars, achievable impact angles for these vehicles are
also less severe, and overall severity probably does not exceed
the most severe passenger car impacts.

A previous study of traffic barrier performance in New
York State (7) categorized passenger car weights into classes,
based on a sample of barrier accidents in 1982 and 1983. The
weight distribation was as follows:

Weight Percent

Range of Passenger

(Ib) Cars

<2000 10
2,000-2,500 23
2.501-3.250 31
3,251-4,000 26
4,001-5,000 10

By using the upper bound of each weight range in the
analysis, the results were retained on the conservative side.
Further, passenger cars have become smaller since 1982, mak-
ing this weight distribution even more conservative. This con-
servatism helped offset any reduction in severity caused by
not considering heavier vehicles.

The spreadsheet format used to perform this analysis per-
mits direct input of alternative speed, pavement friction, and
maximum impact angles. By modifying the spreadsheet for-
mat, a different distribution of vehicle weight can also be
considered, although this last step requires some adjustment
of the spreadsheet.
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Probability of Barrier Impact

If a vehicle encroaches toward a median barrier, it may impact
the barrier or it may impact another vehicle. In the latter
case, it may not strike the median barrier at all, or it may
impact the barrier at a reduced speed and angle. The prob-
ability of an encroaching vehicle impacting the median barrier
depends both on its encroachment path and the traffic density.
For this analysis, it was assumed that any contact with another
vehicle prevented barrier contact. Encroachments were assumed
to be at the most severe turn rate possible, using the impact
angle relationship discussed previously. Higher angle
encroachments result in a higher probability of barrier impact
and are thus conservative for this analysis. Vehicle size must
also be considered; a small size was used for this part of the
analysis to obtain the highest probability of barrier impact.

A spreadsheet format was developed to consider departures
from each lane and traversal of each adjacent lane individ-
ually. Input included lane width for this structure, vehicle
dimensions, speed, and pavement friction values. Geometric
equations were developed and coded onto the spreadsheet to
calculate the distance during traversal of each lane in which
that vehicle could interfere with another already in the lane.
In addition, the entrance and departure angles were computed
for each lane crossed. The longitudinal interference lengths
calculated by this spreadsheet were then input onto the main
spreadsheet.

The probability of impacting a vehicle in an adjacent lane
is denoted as follows:

Ly xy/Gy (5)

PVI,XY .

where

P,, xy = probability that an encroaching vehicle originat-
ing from lane X will impact another vehicle in
lane Y;

L+ xy = longitudinal interference length for a vehicle orig-

inating from lane X and crossing lane Y; and

average gap length in lane Y, determined from

lane volume, speed, and vehicle size.

Gy

The probability of crossing a lane without impacting another
vehicle is then expressed as

PC,XY =1- Pyxy (6)

The probability that a vehicle will impact the barrier is
simply the product of the probabilities for each individual
lane that must be crossed to reach the barrier. For the three-
lane side of the bridge, this expression is written

PBI,] = Pcis X Py (7)

where Py, , is the probability that a vehicle originating from
lane 1 (the extreme right lane) will cross lanes 2 and 3 and
impact the barrier without impacting another vehicle. A sim-
ilar expression can be written for lane 2. For lane 3, the
probability becomes 1.0. Similar expressions can also be
developed for the four-lane peak direction.
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Barrier Deflection

The lateral barrier deflection resulting from a given impact
determines the probability of involving a vehicle in the oppos-
ing lane—the larger the deflection, the greater the proba-
bility. The main spreadsheet was used to sum interference
impacts for each lane and each hour that the reversible-lane
configuration was in operation. Because vehicle weight affects
deflection, the summation considered each of the five weight
classes individually.

Lateral barrier deflection was reported for 12 crash tests
by Nordlin (3). Examination of those data revealed a close
relationship (R?> = 0.92) between the lateral impact momen-
tum of the vehicle and barrier deflection, as shown in Figure
2 and defined by the following equation:

D, =291 X In M, — 190 (8)

where

M, =S, x (88/60) x (Wl/g) sin A,, )
M, = lateral impact momentum (lb-sec),

D, = lateral deflection (in),
S, = impact speed (mph),
W = vehicle weight (Ib), and

A, = impact angle (degrees).

Table 1 compares observed deflections for the 12 tests with
the deflections predicted by this equation. For all except the
least severe case, the predicted value is within a few inches

of the observed value and is generally on the conservative,
or high, side.

Subsequent to these tests, a series of full-scale tests was
initiated in 1987 by the California Department of Transpor-
tation. Their purpose was to evaluate barrier design revisions
intended to reduce barrier deflections from those reported in
Table 1. Although those results have not been published,
preliminary indications are that deflection can be reduced,
and a similar expression still relates lateral momentum and
deflection. To accommodate revised barrier designs having
reduced deflection, Equation 6 was revised as follows:

D, = Fp (29.1 X In M, — 190) (10)

where F, is a deflection factor relating the magnitude of
deflection for the revised design to that reported for the orig-
inal design. As shown in Figure 2, it is assumed that the
deflection-momentum relationship remains unchanged except
for the slope of the curve. By including the deflection factor
in the spreadsheet program, the effects of barrier design revi-
sions are easily examined.

Lateral Probability of Opposing Traffic
Interference

Using the relationship between impact severity and lateral
deflection just outlined, the spreadsheet calculates maximum
possible deflection for each vehicle class—for each lane and
each hour. It then becomes necessary to determine the prob-
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FIGURE 2 Lateral traffic barrier deflection related to lateral impact momentum.



ability of an opposing vehicle being within that distance from
the barrier. Because maximum expected barrier deflection is
less than a lane width, only opposing vehicles in the median
lane must be considered. For this analysis, all vehicles in the
median lane were assumed to be evenly distributed laterally
across that lane, but with none closer than 1 ft from the CMB.
For an 11.5-ft lane width and a 5.5-ft vehicle width, the dis-
tance from the vehicle to the CMB is between 1 and 6 ft.
Although actual lateral placement distribution may be a curved
shape, use of the straight-line distribution (Figure 3) is con-
servative in that, with the exception of a very few close vehi-

cles, it places more vehicles close to the barrier in the lower

TABLE 1 OBSERVED AND PREDICTED LATERAL
DEFLECTIONS
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deflection range where more accidents are likely to occur. By

solving similar triangies, the following expression was devel-
oped to relate the probability of an opposing vehicle within

the deflection zone for a given deflection:
P = (D /60) — 0.2 (11)

‘The lateral probability is then calculated using the spread-
sheet for the lateral deflection values corresponding to each
of the weight-lane-hour categories.

Longitudinal Probability of Opposing Traffic
Interference

When the MCMB is deflected by impact, it may strike an

Impact Impact Vehicle Lateral Observed Predicted
Speed, Angle, Weight, Momentum,  Deflection, Deflection, opposing vehicle if one is within the barrier’s longitudinal
mph deg 1b. 1b. -sec in. in.* X is P i
- deflection zone. In addition, a vehicle approaching the deflected
b z e 2‘7’3 g it MCMB may impact the barrier if the driver is unable to react
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FIGURE 3 Relationship between barrier deflection and probability of vehicle
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(see Figure 4), with the total longitudinal deflection, D,,,
related to the lateral deflection by the expression

D, = 10D, + 140 (12)

where D,, equals the longitudinal deflection in inches.

The critical distance of interest in this case is the average
longitudinal barrier length exposed to traffic. The expression
for lateral probability developed in the previous section accounts
for the entire range of lateral vehicle placement, so only aver-
age longitudinal length for a given lateral deflection is needed.
Because it was assumed that no vehicles are closer than 12
in. to the MCMB, the required value is the average of lon-
gitudinal deflected length at 12 in. and at D, in. away from
the original barrier position. This critical longitudinal deflected
length is given by the expression

D¢ = 6.67D, — (560/D,) + 53.3 (13)

where D equals the critical longitudinal deflected length in
inches.

By adding one car length, this value also considers inter-
ference impacts that involve a vehicle partially past the deflected
barrier. Assuming a large car (17 ft long) makes this expression
conservative and yields the expression

D. = 6.67D, — (560/D,) + 257.3 (14)
The expression for reaction distance is given by
Dp = Tr X Sp x (88/60) x 12 (15)

where

Dy = driver reaction distance (in.),
Ty = driver reaction time (sec), and
Sz = opposing lane speed (mph).

The expression for gap distance is written

Gy = [3,600 x 12 x (88/60) x Sz X NgllVy (16)

b /3

where

G, = backside gap (in.),
Ny = number of opposing lanes, and
Vp = opposing volume.

The probability then becomes
Prong = (D¢ + Dyp)IGy 17

By assuming traffic to be split equally among all lanes (the
median lane probably carries fewer vehicles), a shorter gap
and thus a higher P, are obtained, keeping the analysis
on the conservative side.

On the spreadsheet, the gap is computed once for all weight
classes, and then the actual probability is computed for each
weight-lane-hour category. The spreadsheet is designed to
disregard negative probabilities that may result from low
deflection values. In addition, probabilities greater than 1.0,
which result when the sum of critical longitudinal deflected
length plus reaction distance exceeds the gap length, are
limited to 1.0.

Calculation of Risk of Interference Impact

The spreadsheet program calculates Equation 3 to obtain the
maximum possible number of opposing impacts for each lane-
direction-weight category. The categories are summed for both
the peak and offpeak sides to obtain the parameter N,. In
addition, total barrier impacts, (N7) are summed for both the
peak and offpeak sides. The spreadsheet calculations only
consider the 7 peak hours for traffic on both sides of the
barrier. To consider the total risk of interference impacts, it
is also necessary to consider the 17 nonpeak hours. During
that period, adequate clearance is maintained on each side of
the MCMB so that it cannot be deflected into opposing traffic
for the range of impact severities discussed earlier. Because
traffic density is lower during these hours, the probability of
encroaching vehicles impacting the barrier is higher than dur-
ing peak hours. However, for this analysis, the same ratio of

D /3

DL
(Lateral Deflection)
¥

Opposing Lane

/
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FIGURE 4 Longitudinal profile of deflected movable concrete median barrier.



MCMB impacts to total traffic was assumed during the non-
peak hours as was calculated from the spreadsheet program
output for the peak hours. Because no interference impacts
occur during these 17 hours, the low estimate of total MCMB
impacts during nonpeak hours results in a high (conservative)
estimate of the total risk of secondary impacts. This approach
is thus consistent with the conservative assumptions made
throughout this analysis. The total traffic and maximum total
MCMB impacts were calculated as follows for the conditions
assumed in this analysis:

Maximum
Total
Total MCMB
Hours-Lanes Traffic Impacts
Peak hours—
offpeak side (3
lanes) 19,600 17,737
Peak hours—
peak side (4
lanes) 31,900 25,219
Subtotal 51,500 42,956
Nonpeak hours—
both sides (6
lanes total) 51,100 x (42,956/51,500) = 42,622
Total 102,600 85,578

The maximum possible MCMB impact total of 85,578 then
becomnc the r‘lennminafnr (7\77_) for Ennoﬁnn 1 r\nfnut from

mes the denominator (N quation 1. Outp
the spreadsheet program can then be calculated for a number
of input parameters and the risk factor is calculated for each.

RESULTS AND DISCUSSION

Table 2 summarizes the risk of opposing-lane interference
impacts for a range of input parameters. As just discussed,
the risks presented in this paper are based on an analysis of
each vehicle on the bridge encroaching toward the barrier at
the maximum steer rate. A number of simplifying assumptions
were conservatively made to obtain the highest estimated risk.
As seen in Table 2, the risk of opposing-lane interference is
low compared with all possible MCMB impacts. Only when
a relatively long driver reaction time (2 sec) is assumed does
risk exceed 10 percent. If barrier deflection is reduced from
the values reported in the manufacturer’s early tests (deflec-
tion factors less than 1.0), risk is also reduced. Figures 5 and
6 examine the effects of driver reaction time and deflection
factor, respectively on the risk incurred.

Table 2 also reveals that impacts from both the peak and
offpeak travel directions contribute to the risk. Although higher
traffic density on the peak side reduces the probability that
an encroaching vehicle will impact the MCMB, the higher
traffic volume makes up for the reduced probability; for most
conditions examined, the numbers of opposing-lane impacts
are similar for collisions originating from either side of the
barrier. For this analysis, the reversible-lane configuration
would be implemented during only 7 hr each day. During the
remaining 17 hr, the MCMB would be centered in the middle
lane. Although about half the total barrier impacts would
occur during that 17-hr period, no interference impacts would
occur, and the total risk of interference impacts would thus
be reduced. If in other situations the barrier is not placed in
a neutral position for part of the day, the risk of interference
impacts might be higher.
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TABLE 2 CALCULATED RISK OF OPPOSING-LANE
IMPACTS FOR VARIOUS MODEL INPUTS

Risk of
Reaction Impact Opposing Interference Interference
Time, Speed, Lane Speed, Impacts, Impacts,
Impact Site TR SI SB NI R
DEFLECTION FACTOR, FD = 1.0
peak-4 lane o 45 45 2126
off peak-3 lane 0 60 60 1244
Total 3370 3.9 %
peak-4 lane 0 45 60 1594
off peak-3 lane 0 60 45 1658
Total 3252 3.8 %
peak-4 lans 1 45 60 4668
off peak-3 lane b | 60 45 4085
Total 8753 10.2 %
peak-4 lane 2 45 60 7741
off peak-3 lane 2 60 45 6493
Total 14,234 16.6 %
DEFLECTION FACTOR, FD = 0.8
pesk-4 lane 0 45 60 1016
off peak-3 lane O 60 45 1051
Total 2067 2.4 %
peak-4 lane 1 45 60 3217
of f peak-3 lane 1 60 45 2773
Total 5990 7.0 %
peak-4 lane 2 45 60 5418
off peak-3 lane 2 60 45 4494
Total 9912 11.6 %
DEFLECTION FACTOR, FD = 0.6
peak-4 lane 0 45 60 539
off peak-3 lane O 60 45 554
Total 1093 1.3 %
peak-4 lane 1 45 60 1874
off peak-3 lane 1 60 45 1593
Total 3467 4.1 %
peak-4 lane 2 45 60 3210
off peak-3 lane 2 60 45 2631
Total 5841 6.8 %
DEFLECTION FACTOR, }‘D = 0.4
pesk-4 lane 1] 45 60 176
off peak-3 lane 0 60 45 178
Total 354 0.4 %
peak-4 lane 1 45 60 690
off peak-3 lane 1 60 45 568
Total 1258 1.5 %
peak-4 lane 2 45 60 1204
off peak-3 lane 2 60 45 957
Total 2161 2.5 %

Traffic conditions different from those encountered on this
bridge would also have a major effect on the calculated risk.
Both the probability of a primary barrier impact and the lon-
gitudinal probability of a vehicle within the critical deflected
distance of the MCMB depend on average vehicle gap. As
traffic volume increases and the gap becomes smaller, the
probability of a primary barrier impact is less. However, the
longitudinal probability becomes higher as gaps decrease on
the opposing side of the barrier. For large barrier deflections
and vehicle headways of a few seconds, this longitudinal prob-
ability approaches 1.0, and it becomes 1.0 if driver reaction
time is included. Because both these probabilities vary, and
in different directions, it becomes necessary to calculate risk
values for actual anticipated traffic on the bridge in question.

Although the risks of interference impacts reported for this
structure (Table 2) are low, and deliberately conservative, there
is still a chance that a collision with the MCMB will involve
traffic in the opposing lanes. The final decision on whether this
risk is acceptable must consider the actual number of CMB
collisions anticipated on the bridge and the anticipated ben-
efits from implementation of the barrier. For situations where
flexibility in lane configuration is needed to meet varying
traffic demands, and a positive barrier is warranted by high
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FIGURE 5 Effect of driver reaction time on risk of interference impact.
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FIGURE 6 Effect of lateral deflection factor on risk of interference impact.
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traffic volume and speed, the small risk of interference impacts

may be more than offset by improved traffic flow and reduc-

tion of other accidents. For such situations, the MCMB may
be justified, even though its deflection exceeds the available
median width for some impact conditions.

SUMMARY

An MCMB was examined for use on the Tappan Zee Bridge
of the New York State Thruway. Because the MCMB deflects
laterally on impact, concern arose that opposing traffic could
become involved in secondary collisions if the barrier deflected
into the opposing median lane. This paper examined the risk
of interference impacts, based on geometric and traffic con-
ditions on the bridge and on the barrier’s deflection charac-
teristics. A model was developed and programmed on a
microcomputer spreadsheet to calculate the risk of interfer-
ence impacts. Input parameters can be varied to examine the
effects of changing traffic and geometric conditions, as well
as different barrier deflection characteristics. For the condi-
tions examined, the risk of interference with opposing traffic
appears to be low, occurring in only a small percentage of all
impacts with the MCMB. Use of this barrier may be justified
in situations where maximum anticipated barrier deflection
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exceeds total median width, if the low risk of interference
1 at ite a 1 1

imnac
mpac

=
w

ssociated with its use,
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