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ABSTRACT
KEY WORDS: Concrete Median Barriers, Roadside Safety Appurtenances

Since the imposition of the 55 mph speed 1imit in 1974, accident data
on the concrete median barriers (CMB) in California showed that the fatal +
injury accident rates are increasing. Also, the California data showed
that 7.7% of the 1,515 reported accidents in 1978 and 9.9% of the 1,796
reported accidents in 1979 resulted in vehicle rollover. In comparison,
accident data summarized by SwRI showed that 3.9% of the 180 reported
accidents prior to 1974 resulted in rollovers and mountings. Little or no
information on the number by type of vehicle involved in rollovers was
reported. However, the findings in this study indicate that this significant
increase in rollovers since 1974 is undoubtedly due to (1) an increase
in travel speeds, and (2) an increase in the number of small automobiles
in the traffic stream. It is predicted that the rollover rate will continue
to increase in the future and by 1985 it could be as high as 15%. Small
automobiles seem to have a greater tendency to rollover on the CMB than
the earlier standard size automobiles, for which the CMB was designed,
because of their shorter wheel track widths and much Tower roll-moment-
of-inertia.

The proposed retrofit unit concept for improving the rollover performance
characteristics of the standard New Jersey CMB was investigated in this
feasibility study. Basically, the retrofit unit consists of reverse
sloped surfaces to suppress vehicle uplift and rollover under impact
angles greater than 10 deg. The retrofit unit would be of precast concrete
construction and anchored to the CMB by rebar dowels and epoxy.

The findings in this feasibility study indicate that the retrofit
unit has the potential of being a cost-effective improvement alternative
on (1) rural interstate highways with 30 ft medians and carrying an ADT
greater than 66,000 vpd, and (2) urban interstate highways with 16 ft medians
and carrying an ADT greater than 117,000 vpd. These findings were based
on an assumed retrofit unit cost of $10/ft, a compact automobile split of
50%, and accident societal costs published by the National Safety Council.
As the compact automobile splits increase above 50% in the near future,
the above breakeven ADT volumes would decrease.

Based on the findings in this study, it is recommended that the
potential effectiveness of the retrofit unit in suppressing vehicle uplift
and rollover be confirmed by conducting full-scale vehicle crash tests.

To aid in the selection of the test vehicles and impact conditions, it is
recommended that the California accident records for 1978 and 1979, in which
8.8% of the 3,311 reported accidents resulted in rollovers, be examined
manually.
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PROBLEM STATEMENT

Observations of full-scale vehicle crash tests show that under Tow
angles of impact of 7 to 10 deg. that the New Jersey CMB is very effective
in redirecting compact (2,250 1b) and standard (4,500 1b) automobiles with
Tittle roll as the result of mostly tire interaction on the Tower 55 deg.
inclined barrier surface. Under impact angles of 15 deg. and higher, how-
ever, compact and standard automobiles have enough momentum to plow Straight
ahead, ramp in the Tower inclined barrier surface and subsequently undergo
large angles of roll after being redirected by the upper steep barrier
surface.

A summary of accident data presented by the Southwest Research Institute
(SWRI) on the concrete median barriers (CMB) prior to 1974 shows that 7 (4%)
of the 180 reported accidents on the standard New Jersey CMB resulted in
rollovers and mountings. More recent accident data compiled by CALTRANS
on the CMB in California shows that 116 (7.7%) of the 1,515 reported accidents
in 1978 and 177 (9.9%) of the 1,796 reported accidents in 1979 resulied in
vehicle rollovers. About 50% of the rollovers reported by the SwRI were
small size automobiles, whereas, the number of small automobile rollovers
in California were not reported. This increase in rollovers is most-
1ikely due to (a) increases in travel speeds since the imposition of the
55 mph speed 1imit in 1974, and (b) increases in the number of small auto-
mobiles in the traffic stream because of the higher costs of fuel.

It is, however, certainly reasonable to expect in the near future that
the number of small automobiles in the traffic stream will continue to
increase. As a result, the number and severity of rollover accidents on
the New Jersey and similar CMB designs involving small automobiles

will undoubtedly continue to increase, because small automobiles have shorter



wheel track widths and much lower roll-movments-of-inertia than standard

automobiles.

OBJECTIVES OF FEASIBILITY STUDY

The proposed design concept for improving the rollover performance
characteristics of the New Jersey CMB is shown in Figure 1. The retrofit
unit with reversed sloped surfaces would be of precast concrete construction
and anchored to the CMB by rebar dowels and epoxy.

The objective of this feasibility study was to determine the effective-
ness of the retrofit unit in reducing accident costs by suppressing the
uplift and rollover of errant automobiles under impact angles greater than
10 deg. The retrofit unit in Figure 1 would be designed in such a manner
that it would not alter the performance characteristics of the original

design for angles of impact of 10 deg. and less.

METHODOLOGY

In order for the retrofit unit to be considered as a feasible improve-
ment alternative, the construction costs of retrofitting must not exceed
the benefits to be derived from retrofitting. The benefits in this study
were taken as the difference in accident costs before and after retrofitting.
Based on this methodology, a cost-effectiveness computer simulation model
was developed and used to compute "cost Timits" for retrofitting. The cost
limits computed were expressed as a function of the following variables:

« Rural interstate highway with 30 ft. median

* Urban interstate highway with 16 ft. median

« Compact automobile distributions of 50 and 75%

« Traffic volume ADT's in both directions

In the development of the cost-effectiveness computer simulation

model, it was assummed that the retrofit unit would be effective in suppress-



o

[

ST r 1

—

10"'

L

3"

7!! 3 |

EPOXY
(Pump-In after
Inserting Rebar
Dowels)

W’n\\‘:‘f! o 7 e 3 (N

24"

Steel Sleeve
/ TYPICAL PRECAST

/

REINFORCED CONCRETE
RETROFIT UNIT
(Dimensions to be
Determined by HVOSM
Model Simulations

and Full-Scale Tests)

Drill Hole in CMB
after Placement
of Retrofit Unit

_.:;_;_;\\Q‘ "’n”,".’t“

FIGURE 1.

RETROFIT OF NEW JERSEY (MB5) CONCRETE MEDIAN BARRIER



ing vehicle uplift and rollover. To accomplish this task, the vertical
vehicle acceleration components computed by the use of the HVOSM model
were adjusted accordingly to the magnitude of the impact angle. The
results of this simulation study (Section 2) compared favorably with the
results of a cost-effectiveness accident analysis study (Section 4).

The cost-effectiveness computer simulation model developed in this
study was general in scope and it has the capability to (1) rapidily inves-
tigate the effects of variables such as median widths, encroachment frequency
rates, lateral offset impact probabilities, and impact speed-angle probabilities
(2) account for both non-rollover and rollover accidents, (3) account for
the influence of higher impact speeds on rural highways and lower impact
speeds on urban highways, (4) account for the influence of all possible
combinations of impact speeds and impact angles, and (5) take into considera-
tion the effects of using injury accident societal costs published by

different private and public agencies.



BREAKEVEN
BENEFIT-COST ACCIDENT ANALYSIS
T0
RETROFIT CONCRETE MEDIAN BARRIERS
IN
CALIFORNIA

(SECTION 1)



In order for the CMB retrofit unit to be considered as a feasible
improvement alternative, the construction costs of retrofitting must not
exceed the benefits to be derived from retrofitting. The benefits in this
study were computed as the difference in total accident costs before and
after retrofitting. Total accident costs refers to the summation of all
costs incurred in fatal, injury, and PDO accidents. The breakeven benefit-

cost relationship described can be expressed mathematically as follows:

Benefits of Retrofitting _.

Costs to Retrofit 1
AC, - AC
b B = ——-Eq. 1
R
where:
ACg = total CMB accident costs before retrofitting ($/yr/mi)
AC, = total CMB accident costs after retrofitting ($/yr/mi)
Cp = CMB retrofit construction costs ($/yr/mi)

Assumming that the retrofit unit will be effective in reducing accident
costs, one can express the accident costs after retrofitting as a percentage

reduction of the accident costs before retrofitting as follows:

AC, = (lnE)ACB ~--£g. 2
where:
ACA = defined in Eq. 1
ACB = defined in Eq. 1
E = effectiveness of retrofit unit required to reduce

total accident costs



Upon the substitution of Eq. 2 into Eq. 1, the effectiveness of the
retrofit unit required to reduce accident costs (E) can be expressed in
terms of the retrofit unit construction costs (CR) and the total accident
costs before retrofitting (ACB) as follows:

(¥
R
E S --=-Eq, 3
ACB
A discussion of the terms in Eq. 3 and a hypothetical example problem

illustrating the use of Eq. 3 will be presented in the work to follow.

COSTS TO RETROFIT CMB

The CMB retrofit units would initially be of precast concrete construction
and shipped by truck to the job site for installation. Design and maintenance
engineers of the Nebraska Department of Roads, with many years of field
experience, estimate that the retrofit units can be precast, shipped, in-
stalled and doweled in-place for $10 p1f or less. Drilling the dowel rebar
holes in the CMB, which may contain steel reinforcement, can be quickly done
using a diamond core bit apparatus mounted on a truck. The holes in the

retrofit units would be preformed.

If the retrofit concept should prove to be effective in later studies
under full-scale vehicle crash test conditions, then other lighter, stronger,
and cheaper materials such as rotational molded polyethylene plastics would
be worthy of consideration. Snyder Industries in Lincoln, Nebraska have
developed and marketed many commercial products using plastics with physical
properties superior to steel. Design engineers from Snyder Industries believe

that the CMB retrofit units could be fabricated from plastic materials.



For the purposes of this study, a retrofit unit cost of $10 p1f was
used. More insight into the actual costs of the CMB retrofit unit can only
be gained from field experience. The annualized cost to retrofit 1-mile of
CMB would therefore be equal to a value of $6,205. The equation used to

compute the annualized cost was as follows:

C 5,280 (P,)(CRF) ---Eq. 4

R R

$6,205 per yr. per mi.

where:

= annualized retrofit costs ($/mi/yr)

retrofit construction costs ($10 pl1f)

-
i

capital recovery factor for project improvement 1ife

o

=

i
I

of 20 yrs. at compounded interest rate of 10% = 0.1175

ACCIDENT COSTS BEFORE RETROFITTING

Accident data obtained from CALTRANS (1) on CMB accidents was analyzed
to assess the severity of CMB collisions and to provide a basis for estimat-
ing the potential effectiveness of the retrofit unit in reducing accident

costs (see Eq. 3).

Accident Data

The accident data obtained from CALTRANS on the CMB in California is
summarized in Table 1 for the years from 1970 through 1979, excluding
the year 1972 because no data was reported. In 1970, California had 6 mi.

of CMB and 50 reported accidents; whereas, in 1978, it had 382 mi. of CMB



TABLE 1

CONCRETE MEDIAN BARRIER ACCIDENTS IN CALIFORNIA

_— Number of Reported Accidents® Miles Travel Accident Rates per MVMb g
Fatal Injury PDO Total of CMB (MVM) Fatal Fat. & Inj. Total
1970 l 1 26 23 50 6 225 0.0044 ! 0.120 0.222
' (2.0) (52.0) (46.0) |
1971 0 24 26 50 7 249 0.0000 I 0.096 0.201
(O.Q) (48.0) (52.0)
1972 NR NR NR NR NR NR NR NR NR
1973 3 216 431 650 139 3,560 0.0008 | 0.062 | 0.183
(0.5) (33.2) (66.3) | ' i |
1974 4 211 240 i 455 182 . 4,658 0.0009 0.046 ! 0.098
(0.9) (46.4) (52.7) | g , ! l
1975 4 287 280 571 ‘ 262 | 6,145 0.0007 0.047 | 0.093
(0.7) (50.3) (49.0) | ‘ |
1976 12 396 | 366 774 ‘ 274 . 8,100 0.0015 0.050 0.096
(1.6) (51.1) | (47.3) ! l
1977 10 536 487 1,033 | 309 . 9,626 0.0010 ! 0.057 0.107
d (1.0) (51.9) (47.1) | | | |
1978 17 809 ; 689 i 12515 [ 382 | 13,531 0.0013 0.061 0.112
(1.1) | (53.4) | (45.5) | | |
1979° 22 1022 | 752 | 1,79 | MR | 17,454 0.0013 | 0.060 | 0.103
i (1.2) | (56.9) | (41.9) 1 1 | i l
a. Number in ( ) represents the percentage of accidents by type
b. MVM = Million Vehicle Miles
c. NR = Not Reported
d. Number of rollovers in 1978 = 116 (7.7%)
e. Number of rollovers in 1979 = 177 (9.9%)

01
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and 1,515 reported accidents. The miles of CMB was not reported for the
year of 1979. Based on the data shown in Table 1, the following observations

were evident:

1. The fatal + injury accident rates per MVM and the total accident
rates dropped sharply in 1974. CALTRANS attributes this drop
in accident rates to the imposition of the 55 mph speed limit.

2. Since 1974, the accident rates per MVM have been increasing. The
fatal + injury accident rates, in particular, exhibit the greater
increase. This increase in accident rates is most-1ikely due to
(a) an increase in travel speeds, and (b) an increase in the number
of small automobiles in the traffic stream.

3. The number of rollovers increased from 116 (7.7%) in 1978 to 177
(9.9%) in 1979. No data was reported on rollovers prior to 1978.
However, accident data summarized by the SwRI (see Table 35)
shows that rollovers and mountings on the New Jersey CMB constituted
4% of the reported accidents prior to 1974. For the same reasons
given above, this increase in rollovers is most-likely due to
(a) an increase in travel speeds, and (b) an increase in the

number of small automobiles in the traffic stream.

The California accident data in Table 1 was somewhat Timited, in that,
the data was not broken down by vehicle weight distributions, impact

conditions
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Single Accident Costs

In order to compute accident costs of collisions with the CMB before
retrofitting, it was necessary to consider the societal costs of an accident.
The societal costs of a fatal accident, injury accident, and PDO accident
vary widely among the different agencies reporting this information. Soci-
etal costs published by the National Safety Council (2) and the National
Highway Traffic Safety Administration (3) are shown in Table 2. The societal
costs of the NSC were used in this study because these costs provided the
most conservative estimate of the potential effectiveness of the retrofit

unit in reducing accident costs.

-—.— o

Type Accident NSC NHTSA
PDO 850 900
Injury 5,800 4,900
Fatal 150,000 336,000
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The average cost of a single accident with the CMB was obtained by
considering the number of PDO, injury and fatal accidents in Table 1 and the

accident societal costs in Table 2. The equation to compute this cost was

as follows:
Cacc. = F(Cfat) + I(Cinj) + PDO(CPDO) ---Eq. 5
where:
C,cc = average cost ($) per single accident
Cfat = $150,000 per fatal accident
Cinj = 5,800 per injury accident
CPDG = 850 per PDO accident
F = total number of fatal accidents (%)
I = total number of injury accidents (%)
PDO = total number of PDO accidents (%)

The computed average costs of a single CMB accident for the years of
1973 and 1978 are shown in Table 3. The higher cost in 1978 of $5,167 com-
pared to $3,181 in 1973 was a reflection of the increase in the number of

injury and fatal type accidents.

Accidents per Mile of CMB

The total number of accidents in California that occurred annually for
each 1-mile length of CMB was computed for different volumes of traffic by
taking into consideration the total accident rate. The number of accidents,

shown in Table 3, was computed by use of the following equation:



TABLE 3

ACCIDENT ANALYSIS OF
CONCRETE MEDIAN BARRIERS IN CALIFORNIA

Cost of Total Total Breakeven Cost

ADT Single Accident Accident Rate® Total Accidents Accident Costs($) |Reduction Factors

(1,000) ($/Acc) (Acc/MVM) per year per mile | per year per mile (%)

1973 1978 1973 1978 1973 1978 1973 1978 1973 1978
20 3,181 5,167 0.183 0.122 1.34 0.82 4,263 4,237 145 146
40 2.67 1.64 8,493 8,474 73 73
60 4.01 2.45 12,756 12,659 49 49
80 5.34 3.27 16,987 16,896 37 37
100 6.68 4.09 21,249 21,133 29 | 29
120 8.02 4.91 25,512 25,370 24 .24
140 9.35 W 29,742 | 29,555 21 l 21
160 10.69 6.54 34,005 | 33,792 18 ! 18
180 | 12.02 7.36 38,236 38,029 16 16
200 Y 1 i I 13.36 | 8.18 42,498 | 42,266 15 15

a.

Accident rates assummed to be the same for all

traffic volumes

1A¢
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Ator = ADT (Arate)(uyr) ---Eq. 6
where:
Atot = total number of CMB accidents per mi. per yr.
Arate = total accident rate per MVM
Dyr = 365 days per year

Referring to Table 3, it can be predicted that about 4.1 accidents would
occur in 1978 for each mile of CMB located on a highway carrying a traffic
volume of 100,000 ypd, whereas, the number of accidents would double on a

highway carrying a higher traffic volume of 200,000 vpd.

Total Accident Costs per Mile of CMB

Once having computed the costs of a single accident (Eq. 5) and the
number of accidents for each mile of CMB (Eq. 6), it was possible to then
compute the total annual accident costs before retrofitting. The equation

used to compute these costs was as follows:

ACg = Chec (Aot S
where:
ACB = total CMB accident costs before retrofitting ($/yr/mi)
Cacc = average cost (§) per single accident
Atot = total number of accidents per mi. per yr.

The computed total annual accident costs are shown in Table 3 for the

years of 1973 and 1978. As evident, there was no significant difference
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in accident costs between these two years because the higher single accident

costs in 1978 were offset by the lower number of accidents.

EFFECTIVENESS OF RETROFIT UNIT

In the preceding work, values were computed for the construction costs
of retrofitting (Eq. 4), and the total annual accident costs before retro-
fitting for different levels of traffic volumes (Eq. 7). Upon the substitution
of this work into Eq. 3, values were then computed for the effectiveness of
the retrofit unit required to reduce accident costs. The effectiveness
values computed are shown in Table 3 for the years of 1973 and 1978. As
evident, no significant difference exists between these two years because
the total accident costs were nearly the same. Also, it is evident that
as the traffic volumes increase the effectiveness of the retrofit unit
required to reduce accident costs decreases. For example, in 1978 the
retrofit unit would need to be at Teast 29% effective on a highway carrying
a traffic volume of 100,000 vpd; whereas, it would only need to be 21%

effective on a highway carrying a higher traffic volume of 140,000 vpd.

In order to more clearly illustrate the application of the results
presented in a Table 3, a hypothetical example problem was worked. The

problem statement and its solution follows:

Example Problem No. 1
(hypothetical)

Based upon the results of full-scale vehicle crash tests, it is estimated
that the CMB retrofit unit concept design will be 25% effective in
reducing total accident costs. Determine the traffic volumes under which

the retrofit unit could be considered as a feasible alternative.
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Solution to Example Problem No. 1
(hypothetical)

A graph of "Traffic Volume (ADT)" versus "Effectiveness of Retrofit
Unit Required to Reduce Total Accident Costs" is presented in Figure 2.

Values of the variables in the graph were obtained from Table 3.

Since the "Actual effectiveness" of the CMB retrofit unit was estimated
to be 25% from the results of full-scale vehicle crash tests, it can
be seen in Figure 2 that the retrofit unit would be feasible on highways

carrying traffic volumes of about 115,000 vpd and higher.

In the work to follow, analytical attempts will be made to determine

the "potential effectiveness" of the CMB retrofit unit concept.
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Actual Effectiveness of
Retrofit Unit (estimated
from results of full-scale
vehicle crash tests)

3 I

\ \ . Retrofit Unit

\ Feasible

A T
20 40 60

80 100 120 140 160 180 200
ADT (1,000)

E, Effectiveness of Retrofit Required to Reduce Total Accident Costs

FIGURE 2.: EXAMPLE PROBLEM TO ILLUSTRATE THE FEASIBILITY
OF THE CMB RETROFIT UNIT (Hypothetical)

81



COST LIMITS
T0
RETROFIT NEW JERSEY CONCRETE MEDIAN BARRIERS
BASED ON
HVOSM COMPUTER SIMULATIONS

(SECTION 2)
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The computer model simulations were made for two size automobiles
impacting the New Jersey CMB under a wide range of speed-angle combinations.
The automobiles weighed 2,250 and 4,500 1bs. The impact speeds were 30,

40, 50, 60 and 70 mph, whereas, the impact angles were 5, 10, 15, 20 and

25 deg.

HVOSM

The University of Nebraska-Lincoln (UNL) has successfully and extensively
used the Texas Transportation Institute (TTI) version of HVOSM (4) for
embankment and ditch transversals, however, attempts to use the model for
vehicle-barrier impacts were unsuccessful in this study. The program was
taking a standard fixup which produced results that appeared very questionable.

No serious attempts were made to correct the program errors.

The FHWA version of HVOSM (5, 6, 7, 8) was then installed and made
operational on the UNL IBM 360/65 and two IBM 370/158 computers.

Validation
The validation of the FHWA version of HVOSM was accomplished using
the imput vehicle properties and the full-scale test results published
by Bronstad (9, 10) on the New Jersey CMB. Good correlations were obtained
for both the standard and subcompact vehicles under the impact conditions

of approximately 60 mph and 7 and 15 deg. An example computer run of the
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input and output results for a subcompact vehicle (Vega) is presented in
Appendix A. In validating the model, three idealizations of the CMB were
considered as shown in Figure 3. The curb portion was used to simulate

the interaction between the vehicle tires and barrier, whereas, the barrier
portion was used to simulate the interaction between the vehicle body and

the barrier. Case 3 in Figure 3 consisting of full curb and barrier provided

the best correlations and therefore it was used for all subsequent work.

Simulation Results

The HVOSM simulation results for two size automobiles impacting the
New Jersey CMB over a wide range of speed-angle combinations are presented
in Tables 4 and 5. The vehicle acceleration components were averaged over
the same 50 msec time interval during the primary impact stage. The maximum
roll angle reported usually occurred after the secondary impact in which the
rear of the vehicle impacts the CMB. Linear regression and the TTI results
in HRR 460 (11) were used to obtain accelerations whenever the HVOSM output
results were questionable or singularity occurred in the subroutine SIMSOL.
No serious attempts were made to correct these errors. The rollover cases
were based on the TTI results in HRR 460 for the standard size vehicle,
whereas, engineering judgement was used to predict rollovers of the sub-

compact size vehicle.

SEVERITY OF AUTOMOBILE COLLISIONS WITH RETROFIT CMB

The severity of an automobile impacting the retrofitted New Jersey
CMB was expressed in terms of a Severity-Index. The severity-index is

computed as the ratio of the measured or computed resultant automobile
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TABLE 4

COST-EFFECTIVENESS OF RETROFITTING NEW JERSEY CMB
HVOSM SIMULATIONS

AUTO WEIGHT = 2,250 1bs

Impact Front Max. Avg. 50 ms Decelerations
Conditions Tire Ro11 During Primary Impact
Climb Angle COMMENTS
Speed Angle G G G
(mph) (deg) (in) (deg) Tong. lat. vert.
30 5 - as 0.00% 1.78% 0.32% | Ran out of CPU time
10 3 +28 0.90 2.98 0.58
15 7 +10 1.36 3.39 1.04
20 10 =5 2.29 4.50 1.34
25 13 -10 3.62 5.62 | 1.45 | |
40 5 e - 0.00% 0.472 1.25% | Ran out of CPU time
10 6 +31 0.95 3.19 1.57
15 10 -9 1.83 4.59 1.59
20 15 -20 3.37 6.58 1.78
25 17 -16 5.21 9.68 2.10
50 5 3 +16 0.41 2.74 0.25
10 9 +3 0.93 3.41 1.59
15 15 -29 2.54 6.36 1.98
20 17 -21 3.9 9.11 2.13
25 - -— 5.142 11,23% 3.312 Qutput results questionable
60 5 5 +20 0.55 2.82 1.37
10 11 =11 1.20 4.21 1.76
15 17 -26 3.10 9.32 2.20
20 - .y 4.372 10.013 3.52% SIMSOL Matrix singular
25 -- ROC 5.75% 11.07 4.58° | Output results questionable
70 5 6 +20 0.46 2.75 1.36
10 14 -38 1.55 5.14 2.02
15 - RO® 2.642 7.53% 2.68%
20 -- ROS 3.73% 9.92° 3.34% |SIMSOL Matrix singular
25 -- RO | 4.82% 12.31° 4.00 |SIMSOL Matrix singular

oo

Decelerations determined by method of least squares Linear regression

Predicted rollover based on results in HRR460 (p 69) for standard size auto
Deceleration obtained by using same slope as standard auto in HRR460 (p 69) for 60 mph impacts

X4



TABLE 5

HVOSM SIMULATIONS

AUTO WEIGHT = 4,500 1bs

COST-EFFECTIVENESS OF RETROFITTING NEW JERSEY CMB

Impact Front Max. Avg. 50 ms Decelerations
Conditions Tire Rol1 guring Primary Impact
Speed Angle Climb Angle ; » ; COMMENTS
(mph) (deg) (in) (deg) Tong. | “lat. | “vert.

30 5 . - 0.27° 1.322 0.00 | Ran out of CPU time
10 4 +19 1.09 2.40 0.11
15 5 + 8 1.91a 3.48a 0.67a
20 -- -- 2.73a 4.56a 1.23a SIMSOL Matrix Singular
25 -- -- 3.55 5.64 1.79" | Output results questionable B

40 5 s - 0.342 1.93° 0.32% | Ran out of CPU time |
10 6 +10 1.49 3.32 0.58 ;
15 Y + 4 2.54 4.12 1.20 |
20 10 +6 3.23 5.38 1.21 |
25 21 - 5 4.73 6.81 1.44 - ;

50 5 3 +21 0.44 2.21 0.14 ‘:
10 Y +20 131 3.48 1.27 '
15 10 -6 2.43 5.11 1.55 i
20 14 - 8 4.72a 9.38a 2.16a |
25 e - 5.91 11.37 2.97 SIMSOL Matrix singular |

60 5 5 +20 0.68a 2.98a 0.35
10 - -- 2.19 5.65 1.34% | SIMSOL Matrix singular
15 17 -10 3.?8a 9.79 2.31a
20 ol == 5.06, 10,353 3.35, SIMSOL Matrix singular
25 } == -37 6.41 11.23 4.38 SIMSOL Matrix singular

70 5 3b +28b 0.90b 2.22b O.I?b _
10 11 ~20b 0.16b 5.06b 2.03b Output results questionable
15 -~ ROb 2.81a 6.44a 3.16a Output results questionable
20 -- RUb 5.21a 8.96 4.84 SIMSOL Matrix singular
25 - RO 7.16 11.162 6.36% | SIMSOL Matrix singular

Decelerations determined by method of least squares Linear regression

HVOSM simulation results from HRR460, p 69 (TTI Version of HVOSM)

14
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acceleration to the resultant "tolerable" automobile acceleration that
defines an ellipsoidal surface. This ratio can be expressed mathematically
by Eq. 8. An in-depth discussion on the development of Eq. 8 was presented

by Post (12, 13).

G 2 G 2 G 2
Sy o © [_%QDEJ $ [ﬁlﬂl] + L(RF),, Ghégtz] ~=EQs 8
o3 XL w YL w VL oW
where: SI o . = severity-index for a given vehicle size (W),
encroachment angle (@) and speed (v)

RFW 0~ estimated reduction factor for CMB, retrofit
as a function of vehicle size (W) and impact
angle (0©)

G]ong = computed auto longitudinal accelerations along
X-axis

G1at = computed auto lateral accelerations along
y-axis

Gvert = computed auto vertical accelerations along
z-axis

GXL’GYL’GZL = tolerable auto accelerations along the x, y,

and z-axes, respectively

The severity-index computations in the subsequent work based on automobile
accelerations tolerable to an unrestrained occupant, and the automobile
accelerations were averaged over a time duration of 50 msec as shown earlier
in Tables 4 and 5. The relationship between severity-index and injury level

will be discussed in a later section. Tolerable accelerations suggested by
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Weaver (14) for use in the severity-index equation are shown in Table 6.

TABLE 6

TOLERABLE AUTOMOBILE ACCELERATIONS
(After Weaver 14)

Accelerations

Degree of Occupant Restraint GYL GXL GZL

Unrestrained 5 7 6
Lap Belt Only 9 12 10
Lap Belt and Shoulder Harness 15 20 17

No computer models were avaf1ab1e when this study started that could
take into account the suppression of uplift and roll of an automobile by
the reverse slope of the CMB retrofit unit shown in Figure 1. To accomplish
this task, the HVOSM model was used in conjunction with engineering judgement.
The average vertical acceleration component in Eq.8 was reduced by a re-
duction factor, RF, which was a function of the vehicle size and impact
angle. A Tisting of the "lower" and "upper" 1imit reduction factors used
in this study are shown in Tables 7 and 8, respectively. CASE I applies

to those impacts in which only rollovers occurred.

The severity-indicies computed for CASE III reduction factors are shown
in Tables 10, 11, 13 and 14. In Tables 9 and 12, no adjustment factors were
used and the severity-indicies were set equal to 5.00 for impacts involving

rollovers (i.e. 70 mph and 15 deg).



TABLE 7

VERTICAL AUTOMOBILE REDUCTION FACTORS:

LOWER LIMIT

Impact CASE I CASE II CASE III CASE IV
Angle | 250 1b | 4,500 1b | 2,250 1b| 4,500 1b| 2,250 1b | 4,500 1b | 2,250 1b | 4,500 1b
(deg) Auto Auto Auto Auto Auto Auto Auto Auto
5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
10 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
15 1.00 1.00 0.97 0.98 0.95 0.97 0.80 0.80
20 1.00 1.00 0.94 0.95 0.90 0.92 0.60 0.60
25 1.00 1.00 0.90 0.91 0.85 0.87 0.40 9.40

L2



VERTICAL AUTOMOBILE REDUCTION FACTORS:

TABLE 8

UPPER LIMIT

Impactf CASE I CASE II CASE III CASE IV
Angle 15 260 1b | 4,500 1b | 2,250 1b | 4,500 1b | 2,250 1b | 4,500 1b | 2,250 1b | 4,500 1b
(deg) Auto Auto Auto Auto Auto Auto Auto Auto
5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
10 | 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
15 | 1.00 1.00 0.95 0.97 0.90 0.92 0.70 0.70
20 | 1.00 1.00 0.86 0.88 0.80 0.82 0.40 0.40
25 1.00 1.00 0.80 0.82 0.70 0.72 ! 0.20 ? 0.20

8¢



TALLE = 9
CUST-LEFECTIVRLESS OF KETuUlI ITTAING NEW JERSEY CGNCRETL

SEVeRITY-INDTIECE.S

ADUSTMENT FACTUk: NONE

AUTubGBILL SIZL = 2250.0 LBS

HLUDIAW

IaPACY I 8P A LCY S PEED

ANGLE (11PH)

(ULa) 30 4o 50 HO 70
£,0 0.3¢ 0.23 0.55 U.61 V.60
100 UaDZ U..?U U.?ﬂ 0-91 1- 10
12.0 0.73 U.99 1.30 1.95 5.0v
~0.0 0.98 1.43 1.94 2.18 5.00
Zb.U 1.2EJ 2-10 2-“3 SOUU 5.00

TASLE = 10

29

SALrIEkK

CLET=-LIFECTIVONLSS CF RETRCFLITING NLEW JEESEY CONCKETE MuuTAN BARRLLL

S EVERILITIXY =TI NDILELES

AJJUSTHENT FALIUF: LOWER LIMIT
CASE III
AUTUNOBILE SIZL = 2250.0 LLS

TuFaclT I M P a CT1T S PE E D

ANGLE (4Pl

(ULG) 30 4u 50 ol 70
g8 U3¢ 023 D55 0.561 D.tU
16.0 Vebd 0.70 0,74 0.91 1. 10
15.0 Ce72 V.99 1. 35 195 1.61
20.0 J. 38 1.43 1.93 2. %o 2417

g‘f‘i.U .25 2-10 :-"1 2-’4'.’) 2.b2
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TAuLL = 11
CUSU=LFFECTIVRLISS CF RETEGYITTING ML JELRSEY CUNCRETS MLULAN BARRIGK
S 5 Ve kKITY-1NDICEILS
ADJUSTIHENT FALCTOR: UPPER LILIXIT

CASE II1 _
AUTUNODLLLE S14E = 2250,0 Lus

IiPACT I hb ACl S PE XD

ALGLE (MBII)

(VL) 30 40 50 ~0 70
5.0 0.3¢% Oucd 0eb55 0.61 U.tU
U.U U'hz b.?u Ul-’u 0-'3‘1 1'10

15.0 0.72 Ua9b 1.36 1.54 T.860

PRV G.37 1.42 1.33 2,15 2.10

25.0 s a5 2.0Y z+33 z.42 2e6U

TAsSLE = 12

COST=EFTECTIVLMESS CF REI&KCEILLITING NLW JERSEY CONCIRLTE MIEDIAH BARRIER

S EVLERITY-TINDTIUGCES® S

ADJUSTHENT FACTUKR: NOKE

AUTULUDILE SIZE = 4500.0 LbLS

ILPACT I ¥ P A CT S PIZ ED

ANGLE (MPH)

(DLG) 30 LugQ 50 L0 70
5.0 0.27 Ve 3y Oa4b Ve 61 Ve ldb
10.0 0.50 0.70 0.75 1.19 1.07
1540 CaT6b V%2 1.11 2207 5.U00
~U,0 1.01 1. 19 203 2aiel 5,00

2540 < 27 1.54 2.48 2:53 5. 00
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TALLE =13
CuST=-LIFFELCTIVERNESS GF KETaOr ITTING NEW JELSEY CONCRLIE MEDIAN baARUIZE
SEVERITY-INDIUCES
ADJUS Mol TACLCLR: LOWER LIMIT

CASE III
AUTCaublLE STZE = 4500.0 LbS

I PALS I & B ARG I ~ P EED

ANGLLZ (MPH)

(ULLG) 30 wu 50 60 70
5.0 U.27 U.39 U.u45 .61 O.40
10.0 C.5 V.70 0.75 1«19 1.07
15.0 J.70 0,92 1.11 2.07 1.44

2020 1.01 Ta 19 22 225 2.048

&5 1..26 153 2. 46 4451 2,62

TArLl =14

COuT-OrFECTIVL KOS CF RETCr 1TTING NEW JEFSEY CONUKLTE McDialN BALIZR

S EVY &8I T Y= RDIUCES

AJJUS1IMLNT FALTCE: UPPER LIMIT
CASE 111

AUTONUDBILE LIZE = 4500.0 LES

TacAll I ®HF acCT S P FE ED

ANGLE (¥PH)

(DEG) 30 4o S 60 70
5.0 0,27 U, 39 U, U5 V.61 Uedo
16.0 UVaBHU VaT70 e 75 1. 19 1.07
15.0 V.75 0.92 1. 11 2,086 1.43

20.0 1.01 1. 18 =02 Ze 24 2.05

<5.0 1.20 153 2.45 2.u8 2,57
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INJURY PROBABILITIES

An indepth discussion on a tentative relationship between Severity-Index
and the probability of occurrence of injury type accidents was recently pre-
sented by Post (15) to the Transportation Research Board. The relationship
established for injury probability is shown in Table 15. For simplicity
purposes in this study, the histogram relationship was approximated by the

two linear relationships as shown in Figure 4,

TABLE 15
RELATIONSHIP BETWEEN SEVERITY-INDEX
AND PROBABILITY OF INJURY ACCIDENTS
(AFTER POST 15)

Severity-Index Probability of
(S1) Injury Accident
SI £ 0.5 0.1

0.5<SI<1.0 0.3

1.0 <SI £ 1.5 0.5

1.5 < SI £ 2.0 0.7

2.0<SI1 22,5 0.8

2.5 < SI 1.0

INJURY ACCIDENT COSTS
An approach similar to that used by Weaver and Post (16) was also used

in this study to establish a relationship between severity-index and injury
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accident costs. Referring to Table 16, the severity-index and the probability

of an injury accident were expressed by a percentage distribution in terms of
three accident classifications: Property-Damage-Only-Accidents, Injury-Accidents,
and Fatal-Accidents. The total accident costs in Table 16 were determined by
using societal cost figures of the National Safety Council (2), Texas Trans-
portation Institue (17), and the Nebraska Department of Roads (3). The

histogram relationships in Table 16 were approximated by the linear equations
shown in Figure 5, whereby, the upper limits of the accident costs were

established for severity-indicies of 2.75 and greater.

COST-EFFECTIVENESS COMPUTER PROGRAM

The computations involved in determining the cost limits to retrofit
the New Jersey CMB over the sensitivity range of the many variables would
have been a very laborious and tedious task without the aid of a computer.
The Fortran IV program written for this study is presented in Appendix B.
Using the IBM 370 required approximately 75 sec of CPU time and cost $6.50
to generate and print 188 tables of output, whereas, it would have taken

several man-months of effort to accomplish the same task.

EFFECTIVENESS OF RETROFIT CMB

The effectiveness of retrofitting the New Jersey CMB was expressed in
terms of the reduction in the Hazard-Index before and after retrofitting.
The methodology to compute effectiveness was formulated by Glennon (18) and
implemented in Texas by Weaver and Post (19) for managing roadside improve-
ment programs on both non-controlled access highways and freeways. The

equation used to compute the effectiveness was:



TABLE 16

RELATIONSHIP BETWEEN SEVERITY-INDEX AND INJURY ACCIDENT
PROBABILITIES, ACCIDENT CLASSIFICATION, AND TOTAL ACCIDENT COSTS

. Accident CTassificationb o Acczg§nt Costs
Probability
Severity-Index’ of Injury | pccidents | Accidents | Accidents | NSct md | noR®
Accident (%) (%) (%)
SI £ 0.5 0.1 90 10 0 1,400 1,600 1,300
0.5 < SI £ 1.0 0.3 60 40 0 2,300 4,400 2,500
1.0 < SI £1.5 0.5 40 60 0 3,820 6,280 3,300
1.5 < SI £ 2.0 0.7 10 88 2 8,190 | 12,870 11,120
2.0 < SI £ 2.5 0.8 0 96 4 11,570 | 17,600 18,140
2.5 ¢ Sl 1.0 0 94 6 14,450 | 21,400 24,770

a. Computed by HVOSM Simulations
b. Assumed in similar manner as done in TTI Report (Ref. 16)

c. National Safety Council (Ref. 2) - - = - - - - $150,000 per fatai accident
5,800 per injury accident
350 per PDO accident

d. Texas Transportation Institute (Ref. 17) - - - $200,000 per fatal accident
10,000 per injury accident
700 per PDO accident

e. Nebraska Department of Roads (Ref. 3) - - - - $336,000 per fatal accident
4,900 per injury accident
900 per PDO accident

GE
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E = HICMB
where: E =
HI =

The generalized equation used to compute the weighted Hazard-Index of

>,‘P8 };(Ip)e,v (PL)g v ---Eq.

the retrofit was:

HI = EfD:E:S
W

where: HI

Ee

= HT cwp
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Retrofit
effectiveness to retrofit (injury accident

eliminated per mile per year)
hazard-index (expected number of injury type

accidents per mile per year)

5
hazard-index (expected number of injury accidents

per mile per year)

total vehicle encroachment rate = 0.0009 (ADT)
for both rural and urban interstate highways
(encroach/mi/yr)

portion of ADT involved in median encroachments

= 0.5 (assumed)

weight of automobiles (2,250 and 4,500 1bs)
automobile split by weight

probability that the CMB will be impacted given
that an encroachment of an angle (8) has occurred
impact condition probability for a given encroach-
ment angle (8) and speed (v)

probability of an injury accident for a computed

severity-index (see Figure 4)

— i <
PIB,V 0'4(SIB,V) if, SIB,V 2.5
PIB,V =1.0 it SIS,V > 2.5
SI set 5.0 if, Rollover Occurs

--=Eg.. 9

10
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Encroachment Frequencies

Knowledge of the frequency at which vehicles ercroach on the roadside
is very limited. Therefore, the encroachment frequencies used by Glennon (20)
were assumed to be applicable for the purposes of this study. These relation-
ships were:
Urban Freeway

E. = 0.00090 (ADT)

f
Rural Freeway

E. = 0.00090 (ADT)

f

The encroachment frequency rate of E. = 0.0009 (ADT) used in this study
for both rural and urban interstate highways means that the total number of
vehicle encroachments for the "left side" of each roadway (2 or more lanes in
the same direction) into the median and from the "right side" of each roadway
is equal to 9 vehicle encroachments per mile per year for ADT increments of
10,000. It was assumed in this study that 50% (D = 0.5) of these encroachments,

or 4.5, would occur 1in the median.

The number of vehicle CMB impacts that can be expected to occur over a

range of encroachment angles can be computed by the following equations:

CMB, = E(D) Z (Pg /) —--Eq. 11

and,

P ---Eq. 12

c/e = 8p(Pg)

where: CMBI = number of CMB impacts per mile of barrier per

year for given encroachment angles (8) and ADT
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PC{E = probability of a CMB collision given that an
encroachment has occurred
= total vehicle encroachment rate = 0.0009 (ADT)
for both rural and urban interstate highway
(encroach/mi/yr)
D = portion of ADT involved in median encroachments
= 0.5 (assumed)
8, = distribution of encroachment angles independent of
of speed (see Tables 20 and 21)

P, = lateral offset encroachment probabilities (see

Figure 6)

The results computed from Eqs. 11 and 12 are presented in Table 17. It
can be seen that for a given encroachment angle of 5 deg that one could expect
1.30 and 1.75 CMB impacts per mile of barrier per year per ADT of 10,000 to
occur on a rural (30 ft. median) and urban (16 ft. median) interstate highway,
respectively; whereby, upon considering all encroachment angles, one could

expect the number of CMB impacts to increase to 3.31 and 4.01.

The weighted averages of the CMB impact probabilities in Table 17 of

0.735 (rural interstate) and 0.890 (urban interstate) were used later in Eg. 18.

Lateral Impact Probabilities
The probability that an encroaching vehicle on an intersecting path will
impact the CMB is a function of the lateral distance between the inside edge

of the traveled roadway and the location of the CMB. The greater this distance,



TABLE 17

d.

b.

CMB IMPACTS
Urban Freeway: Median Width = 16 ft.
Rural Freeway: Median Width = 30 ft.
Total Encroachment Rate: 0.00090 (ADT)
Median Encroachment Rate: 0.00045 (ADT)
Encroachment Lateral Offset CMB Impact
i il CMB Impacts
Cond1t1onsAn Yo Probabilities b. Probag1l1t1es per mile per year
Andle 9 ; Py C/E per ADT of 10,000
g Distributions °
(deg) 9 Rural Urban Rural Urban Rural Urban
5 0.48 0.60 0.81 0.288 0.389 1.30 1.75
10 0.20 0.82 0.94 0.164 0.188 0.74 0.85
15 0.12 0.86 0.97 0.103 0.116 0.46 0.52
20 0.08 0.86 0.97 0.069 0.078 0.31 0.35
25 0.12 0.93 0.99 0.112 0.119 0.50 0.54
0.736 0.890 3.31 4.01

Angle Distributions Independent of Speed ---
See Figure 6 and Table 18.

see Tanles 20 and 21.

ot
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the further the vehicle must travel along the path to reach the CMB and the
less likely it is that the vehicle will impact the CMB. Therefore, the
encroachment data of Hutchinson and Kennedy (21) were analyzed to determine
the relationship between encroachment angle and the probability distribution
of the lateral extent of encroachment. The four distributions shown in

Figure 6 were found to be significantly different. These distributions were
used to determine the probability of impacting the CMB given that the
encroaching vehicle was on an intersecting path for a given angle of encroach-
ment: because, this probability is equal to the probability that the lateral
extent of the encroachment is greater than the lateral distance between the

inside edge of the traveled roadway and the location of the CMB.

The Tateral impact probabilities used in this study for a CMB located in

the median of an urban and rural freeway are shown in Tacle 18.

TABLE 18
LATERAL IMPACT PROBABILITIES
Urban Freeway: Median Width = 16 ft
Rural Freeway: Median Width = 30 ft
Encroachment Lateral Impact Probabilities
Angle
(deg) Rural Freeway Urban Freeway
5 0.60 0.81
10 0.82 0.94
15 0.86 0.97
20 0.86 0.97

25 0.93 0.99
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Impact Condition Probabilities

The impact condition probabilities were computed by combining the
distributions of vehicle speeds and encroachment angles. The vehicle speed
distributions were determined from an analysis of spot speed data contained
in the 1978 annual speed monitoring certification report prepared by the
Nebraska Department of Rcads. It was assumed that vehicle speeds were
normally distributed with the mean and standard deviation values computed
from the spot speed data. These values are shown in Table 19. The encroach-

ment angle distribution used was that reported by Hutchinson and Kennedy(21).

TABLE 19
MEAN SPEEDS AND STANDARD DEVIATIONS

Type Freeway Mean Speed Standard Deviation
(mph) (mph)
Rural 59.2 +4.8
Urban 55.5 %5, 2

The vehicle speed distribution for each type highway was combined with
the encroachment angle distribution, assuming that the speed and angle dis-
tributions were independent. The combined distributions were then used to
compute the encroachment impact condition probabilities that are shown in

Tables 20 and 21 for rural and urban freeways.

Using the point mass model presented by Ross (22), it was determined that

some high-speed, high-angle impacts were not possible. However, because of
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the lack of encroachment data on speed-angle combinations to support this
conclusion, it was decided that adjustment of the impact condition proba-
bilities to account for the apparent impossibility of high-speed, high-angle

impacts was not warranted.

Effectiveness Performance Levels

Effectiveness performance levels for retrofitting the New Jersey CMB
as a function of automobile weight splits, ADT, and vertical acceleration
adjustment 1imits (CASE III) are shown in Tables 22 and 23 for rural freeways
and Tables 24 and 25 for urban freeways. The vertical acceleration adjustment
factors were defined earlier in Tables / and 8. The accicent cost reduction

values shown in these tables will be discussed later.

For illustration purposes, the results in Tables 22 thru 25 are presented
graphically in Figure 7 for an assumed project improvement life of 20 years.
Referring to Figure 7, one can reach the following conclusions in regard to
the effectiveness of the CMB retrofit:

(1) The number of injury type accidents reduced per mile is significant

and increases in direct proportion to the ADT.

(2) The CMB retrofit is more effective on the rural type freeway even
though the median width was nearly double the width of the urban
freeway. This can be explained by referring to Tables 20 and 21 which
show that the impact condition probabilities assign greater weight
to high-speed, high-angle impacts that have higher injury producing
accident potential.

(3) The higher the compact automobile split in the traffic stream, the

more effective the CMB retrofit.
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BENEFIT OF CMB RETROFIT UNIT

The benefit of retrofitting the New Jersey CMB was expressed in terms
of the reduction in the injury accident costs before and after retrofitting.
The methodology to compute a benefit value is similar to that used to compute
on effectiveness value. The difference between the two methods is that the
benefit method takes into consideration the societal costs of an injury
accident, whereas, the effectiveness method does not take into consideration

societal costs. The equation used to compute a benefit value was:

B E ICCMB = IC CMB --"'Eq- 13
Retrofit
where: B = benefits of retrofitting (expected reduction

in injury accident costs per mile per year)

IC

weighted injury accident cost (injury accident
costs per mile per year)
The generalized equation used to compute the weighted injury accident

costs of retrofitting was:

Ic = EfnZs Zpe >‘(Ip)8’v (ao), , B, TH
W v

where: IC = weighted injury accident cost (injury
accident costs per mile per year)

Ep = total vehicle encroachment rate = 0.009 (ADT)
for both rural and urban interstate highways
(encroach/mi/yr)

D = portion of ADT involved in median encroachments
= 0.5 (assumed)

W = weight of automobiles

S = automobile split by weight
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P. = probability that the CMB will be impacted given
that an encroachment at an angle {8) has occurred
(see Table 18).
1P = jmpact condition probability for a given encroachment
angle (8) and speed (v) (see Tables 20 and 21)
AC = injury accident cost for a given impact angle (8)
and speed (v) for a computed severity-index and

societal costs (see Figure 5}

Benefit Performance Levels

Benefit perfonnancé levels for retrofitting the New Jersey CMB as a
function of aubomobile weight splits, ADT, vertical acceleration adjustment
Timits (CASE III), and injury accident societal costs of the National Safety
Council were shown earlier in Tables 22 and 23 for rural freeways and Tables
24 and 25 for urban freeways. Conclusions in regard to the benefits of

retrofitting are discussed in the next section to follow.

COST LIMIT SENSITIVITY ANALYSES
The cost limits to retrofit the New Jersey CMB were determined by
setting the ratio of the benefits derived to the costs of construction equal
to unity. Using the Capitai Recovery Method, the equation to determine cost

Timits was:

_ B o
P = 5780 (CRF) Eq. 15

construction costs to retrofit CMB ($/ft)

where: P

B = benefits of retrofitting (expected reduction in

injury accident costs per mile per year)
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. AN
capital recovery factor = Q)

CRF >
(1+i)"-1

-
"

compound interest rate

project improvement 1ife

=
1

Assuming an interest rate of 10% and a project 1life of 20 yrs, Eq. 15

becomes:

P = 0.0016214 (B) ---Eq. 16

Cost Timits to retrofit the New Jersey CMB are shown in Tables 26 thru
29. These cost 1imits are a function of (a) freeway classification; rural
and urban, (b) ADT, (c) compact automobile splits of 50 and 75% in the traffic
stream, and (d) two sets of injury accident societal costs. The lower societal
costs are figures obtained from the National Safety Council (2), whereas, the
higher societal costs are figures obtained from the Nebraska Department of
Roads (3). These tables were based on CASE III vertical acceleration reduc-
tion factors listed in Tables 7 and 8. The cost 1limits in Tables 26 thru 29
were obtained by substituting the accident cost reduction values in Tables 22

thru 25 into Eq. 16.

For purposes of illustration, the cost Timits in Tables 26 thru 29 are
shown graphically in Figures 8, 9, and 10 as a function of ADT. The vertical
acceleration reduction plots for CASES I, II, and III in Figure 10 were ob-

tained from Tables 30 thru 32.

The sensitivity of the cost Timits to the magnitude of the vertical
acceleration reduction factors is shown in Figure 8. It is evident that the

more effective the retrofit unit is in suppressing vehicle uplift and roll the
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higher the cost Timits. A good compromise would be CASE III, whereby, in
addition to eliminating rollovers the vertical accelerations during the primary
stage of impact would be reduced 5, 10, and 15% for the corresponding impact
angles at 15, 20, and 25 deg. For example, one could spend up to $37/ft to

retrofit the New Jersey CMB omn an urban freeway carrying an ADT of 100,000 vpd.

The sensitivity of the cost 1imits to the classification of highway is shown
in Figure 9. It is evident that the retrofit unit is more effective on the rural
type freeway even though the probability of an errant vehicle impacting the CMB
is less on the rural freeway with a median width nearly double that on the
urban freeway. This can be explained by referring to Tables 20 and 21 which
show that the impact condition probabilities assign greater weight to the

high-speed, high-angle impacts having higher injury accident potential.

The sensitivity of the cost Timits to the split of compact automobiles
in the traffic stream and the injury accident societal costs is shown in
Figure 10 for an urban freeway. Of the two variables, it is evident that
the cost limits are more sensitive to the injury accident societal costs.
The societal costs of the National Safety Council would most 1likely be a
lower bound on the cost 1imits, whereas, the societal costs of the Nebraska
Department of Roads would most 1ikely to an upper bound on the cost Timits.
It is also evident in Figure 10 that the higher the split of compact auto-
mobiles in the traffic stream the higher the cost limits for retrofitting.
For a given impact speed and angle, a compact automobile would experience
higher uplift vertical accelerations and a greater tendency to rollover on
the CMB than a standard size automobile because of its shorter wheel track

and Tower roll moment of inertia.
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In order for the New Jersey CMB retrofit concept to be cost-effective,
the cost of retrofitting must not exceed the potential reduction in accident
costs that it can be expected to provide. Therefore, accident data were
analyzed to assess the severity of New Jersey CMB impacts and provide a basis
for estimating the potential accident cost reduction that would result from

retrofitting the CMB.

ACCIDENT DATA

Accident data pertinent to the New Jersey CMB were requested from the
following agencies:

* FHWA

* NHTSA

* CALTRANS

* New York State DOT

* Texas Transportation Institute (TTI)

* Southwest Research Institute (SwRI)

* Nebraska Department of Roads (NDR)

In addition, an HRIS literature search was conducted to identify sources
of information concerning the safety-related performance of the New Jersey
CMB. As a result of this effort only two readily-available sources of accident
data were found: (a) the results of a CMB study conducted by the Southwest
Research Institute (10) and, (b) the accident records system of the Nebraska
Department of Roads. Later in the study, accident data was requested and
obtained from CALTRANS (1). The CALTRANS data reported vehicle exposure
mileage which was not reported in the SwRI or the NDR data. Analysis of the

CALTRANS data was presented earlier in Section 1.
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Southwest Research Institute Data

The SWRI data were the result of a questionaire sent by the Southwest
Research Institute to the states requesting data on accidents involving
CMB's. The accident report form included in the questionaire asked for
detailed information describing the type of barrier involved, accident
site, impact conditions, type of vehicle, and accident severity. Of the

575 cases reported, 180 of them involved the New Jersey CMB.

Omaha Data

The only New Jersey CMB installed in Nebraska is located on the interstate
system in Omaha. The accident records of the Nebraska Depzrtment of Roads
for the past three years were reviewed to identify and CMB accidents at

these Tocations. Accident reports for 42 such accidents were found.

ANALYSIS OF ACCIDENT DATA

The two accident data sets described above wereanalyzed to determine
the severity of CMB accidents with respect to vehicle weight, impact speed,
and impact angle. However, in the case of the SW data, vehicle weight was
given in only 72 of the 180 cases, and the speed and angle of impact was
provided in only 39 cases. The results of a cross-tabulation analysis of
these data did not indicate that there were any significant correlations

between accident severity and these three factors.

In the case of the Omaha data, vehicle weight was determined from the

vehicle description provided in the accident report. However, the speed
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and angle of impact could not be determined from the information given
in the accident report. Thus, for the purposes of this study, the only
one of these factors accounted for in the analysis of these data was vehicle

weight.

In the case of each data set, the vehicles were classified into two
categories: (1) those weighing not more than 3,500 1bs (compact autos)
and (2) those weighing more than 3,500 1bs. The accident severity was then
determined for each vehicle class. The results of this analysis are pre-
sented in Table 33. Although in neither case was the difference in accident
severity between smaller and larger vehicles found to be statistically
significant, this difference was nevertheless accounted for in the subsequent

calculation of accident costs.

Also, it should be noted that there is a considerable difference in
accident severity between the two data sets. Therefore, both sets of acci-
dent severities were used separately in computing the cost Timits of

retrofitting, thus providing a range of potential accident cost savings.



TABLE 33.

SEVERITY OF NEW JERSEY CMB ACCIDENTS

VERSUS VEHICLE WEIGHT

Vehicle Accident Severity
Weight Fatal Personal Injury Property Damage Only
(1bs) (%) (%) (%)
Omaha Accident Data
3,500 0 70 30
> 3,500 0 55 45
SW Accident Data
< 3,500 0 25 75
> 3,500 0 30 70
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COST LIMIT SENSITIVITY ANALYSES

The cost Timit to retrofit the New Jersey CMB is equal to the accident
cost savings that would be expected to result from such retrofitting. In
this analysis, it was assumed that the retrofitting would only be effective
in reducing the injury accident costs associated with CMB accidents having
impact angles of more than 10 degrees. According to the impact condition
probabilities presented in Tables 20 and 21, about 32 percent of the CMB
accidents would have impact angles greater than 10 degrees. Thus the
potential accident cost savings resulting from the retrofitting was limited

to the injury accident costs of 32 percent of the CMB accidents.

Injury Accident Costs

Therefore, to determine the cost limits to retrofit, the injury accident
costs for New Jersey CMB accidents with impact angles greater than 10
degrees were first computed for the same rural and urban interstate highway
conditions that were used in the HVOSM simulation cost 1imits analysis,
which was presented in a previous section of this report. The following
equation was used for this computation:

PAC = E-D-P(Q>10°/E)-P(C/E)-[ZEP(w)-Pw(IfC)]'AC-PNF(i = 10%, n = 20 yrs) --Eq. 17
5,280

where: PAC = present worth of injury accident costs over a 20-year
retrofit 1ife at a 10% interest rate for those CMB
accidents with an impact angle greater tha 10° ($/ft);
E = encroachment rate (no./mi/yr) = 0.000S ADT for both
rural and urban interstate highways; (20}

D = directional traffic split = 0.5 (assumed);



P(Q>10°/E)

P(C/E)

P(w)

P,(1/C)

AC
PWF
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probability that encroachment angle will be greater

than 10° given that an encroachment has occurred = 0.32;
probability that CMB willbe struck given that an encroach-
ment has occurred = 0.89 for the rural interstate high-
way and 0.98 for the urban interstate highway considered
in this analysis (weighted average of lateral impact
probabilities presented in Table 18 for 15°, 20°, and

25° encroachment angles);

portion of vehicles of weight class "w" in traffic stream
(w = 1 for vehicles weighing not more than 3,500 1bs and
w = 2 for vehicles weighing more than 3,500 1bs)
probability of an injury accident given that CMB has

been struck by vehicle in weight class w = portion of
personal injury accidents given in Table 33;

unit injury-accident cost ($/injury accident:

present worth factor for an interest rate of 10% and

a retrofit Tife of 20 years = 8.514.

This equation was used to compute the present worth injury accident costs

of New Jersey CMB accidents, that have impact angles greater than 10 degrees,

for each of the 16 possible combinations of the following for variables for

ADT's up to 100,000 vehicles per day:

(a) Two sets of injury accident probabilities, PW(I{C): (1) computed from

the SW accident data and (2) computed from the Omaha accident data

(Refer to Table 33);

(b) Two unit injury-accident costs, AC: (1) $4,900 determined by the

Nebraska Department of Roads (3) and (2) $5,800 determined by the

National Safety Council (2);
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(c) Two compact auto percentages, P(w); (1) 50% compact autos and
(2) 75% compact autos;
(d) Two classes of interstate highway: (1) rural and (2) urban.

The results of these computations are shown in Fiqures 11 and 12.

Obviously the injury accident costs computed using the National
Safety Council's unit injury-accident cost were higher because this unit
cost is higher than that of the Nebraska Department of Roads ($5,800 vs
$4,900 per injury accident). Also, the injury accident costs computed
based on the Omaha data were higher than those based on the SW data because
of the higher percentage of injury accidents contained in the Omaha data

(Refer to Table 33).

The injury accident costs based on the Omaha data were directly
proportional to the percentage of compact autos because of the higher per-
centage of injury accidents for compact autos. However, the opposite was
true for the results based on the SW data in which the compact autos had

the Tower percentage of injury accidents, as shown in Table 33.

Finally, it should be noted that the injury accident costs computed
for the urban interstate highway were higher than those computed for the
rural interstate highway. This was because the narrower median on the
urban interstate highway resulted in a higher probability of the CMB being
struck by an encroaching vehicle. This result was contrary to that obtained
in the HVOSM simulation cost limits analysis, because the effect of increased
accident severity due to higher speeds on the rural interstate highway could

not be accounted for in the accident data analysis.
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Cost Limits

Cost Timits to retrofit New Jersey CMB's were computed by applying
a percentage reduction factor to the injury accident costs for New Jersey
CMB accidents with impact angles greater than 10 degrees, which are shown
in Figures 11 and 12. Based on the experience and engineering judgment of
the researchers, 20-percent and 40-percent injury-accident cost reductions
were selected as the expected Tower and upper 1limits of retrofit effective-
ness. The cost Timits to retrofit computed for these 1imits of effectiveness

are shown in Figures 13 and 14.

Of course, as injury accident costs increase as a function of ADT,
percent compact autos, unit injury accident costs, and type of highway, so
do the cost limits to retrofit. And, as these cost limits increase, retrofitting

becomes more cost-effective.

The difference between the cost limits based on the SW accident data
and those based on the Omaha accident data establishes a range of retrofit
costs within which the cost-effectiveness of retrofitting is 1ikely, but
uncertain, depending on which data best represent the severity of accidents
with New Jersey CMB's. However, if the cost to retrofit were below the SW
data cost 1imit, it would indicate that retrofitting would be almost definitely
cost-effective. But, on the other hand, if the cost to retrofit were higher
than the Omaha data cost 1imit, it would be very unlikely that retrofitting

would be cost-effective.

From discussions with engineers at the Nebraska Department of Roads,

a cost to retrofit of $10 per linear foot seems to be a reasonable estimate.
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Therefore, using $10 per foot as the cost 1imit, breakeven ADT's were

determined from Figures 13 and 14, and are presented in Table 34.

If the ADT on a highway is greater than the breakeven ADT shown in
Table 34 for the appropriate highway type, then retrofitting would be cost-
effective on that highway; otherwise, it would not be cost-effective. The
breakeven ADT's shown in Table 34 are lower than those on freeways in many
areas on which New Jersey CMB's are located. Therefore, it is concluded
that retrofitting is cost-effective, and that its cost-effectiveness will
be enhanced as the percentage of smaller cars in the traffic stream increases

in the future.



TABLE 34, BREAKEVEN ADT'S FOR RETROFIT COST
OF $10/FT. AND NATIONAL SAFETY
COUNCIL INJURY ACCIDENT COSTS

79

Compact Based on Omaha Based on SWRI

A Accident Data Accident Data
uto

Split 20% 40% 20% 40%
(%) Reduction Reduction Reduction Reduction

Rural Interstate Highway

50 68,000 34,000 148,000 74,000

75 64,000 32,000 120,000 80,000

Urban Interstate Highway

50 60,000 30,000 140,000 70,000

75 56,000 28,000 144,000 72,000




ACCIDENT ANALYSIS:
COST LIMITS TO RETROFIT NEW JERSEY CMB
BASED ON
ELIMINATING ROLLOVER INJURY ACCIDENT COSTS

(SECTION 4)
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In the previous accident study (Section 3), the cost Timits to retrofit
the CMB were based on the assumption that the retrofit would be effective in
reducing both non-rollover and rollover injury accident costs somewhere within
the range of 20 to 40% for those accidents occurring at impact angles greater

than 10 deg.

In the work to follow, the cost 1Timits were computed on the assumption
that the retrofit unit will be effective in eliminating only the injury
accident costs associated with rollovers. The effect of neglecting the
injury accident costs associated with non-rollover accidents as shown later
in Figure 15 will produce a conservative estimate of the cost limits to
retrofit. It is the opinion of the authors that this assumption is more
direct and realistic than that used in the previous accident study (Section 3).
Also, the assumption of eliminating rollover accidents is more consistent

with the approach used in the HVOSM simulation study (Section 2).

EFFECTIVENESS OF RETROFIT UNIT

The CMB retrofit unit will be effective in reducing the severity of both
non-rollover and rollover injury accidents for automobile impacts greater
than 10 deg. Based on the results of the HVOSM simulation study (Section 2),
it can be predicted that about 75% of the retrofit unit's effectivness would
be in eliminating rollover type accidents. A specific example illustrating

the effectiveness of the retrofit unit is shown in Figure 15.



RURAL INTERSTATE pam
30 Ft. Median ,L_—_—
50% Compact Auto Split

20 Yr. Project Life

EFFECTIVENESS TO RETROFIT (Injury Accidents Eliminated/Mile)
N
T
// I 2

° 2 % 0 50

FIGURE 15: SIMULATION STUDY: EFFECTIVENESS TO
RETROFIT NEW JERSEY CMB IN TERMS OF NON-
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TABLE 35
SwRI ACCIDENT DATA SUMMARY

(Ref. 9 and 10)

Number of
Accident Accident Severity(b) Vehic]e(c)
Barrier Type Cases(a) PDO Hosp. Inj. Fatal Rollovers Mounting

1. New Jersey 180 133 35 0 6 1
(33) (79) (21) (0) (3) (1)
2. New Jersey (Mod) (%) 73 58 15 1 9 0
(13) (77) (20) (1) (12) (0)
3. General Motors 299 225 74 0 19 4
(54) (75) (25) (0) (6) (1)
Total _ 552 . -ﬂ+4;6 124 1 34 5

(a) Numbers in parentheses are percentages of total accident cases with specified barrier profile.
(b) Numbers are number of cases for each category; numbers in parentheses are percentage for that barrier profile.

(c) Numbers are number of vehicle rollovers for each barrier profile; numbers in parentheses represent percentage
of total number of accidents for each barrier profile.

(d) New Jersey (Mod) Initial Step 4-5 in. instead of New Jersey Standard 3 in.

£8
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NUMBER OF CMB ROLLOVER ACCIDENTS

Insight into the number of rollover accidents can be provided from
both the HVOSM simulation study (Section 2) and accident data. Accident
data presented by the SwRI (9, 10) and NDR were analyzed earlier in this
study (Section 3). The accident data summary in the SwRI report prior to
1974 is shown in Table 35. It is evident that rollovers and mountings on
the standard New Jersey CMB constituted 3.9% of the reported accidents.

More recent accident data was obtained from CALTRANS (1) on the California
CMB. Referring back to Table 1 (Section 1), the California data showed
that 116 (7.7%) of the 1,515 reported accidents in 1978 and 177 (9.9%)

of the 1,796 reported accidents in 1979 resulted in vehicle rollovers.

Accident data from the above sources contained little or no information
on the relationships between rollovers and the type of vehicle; vehicle
distribution; impact speed; and impact angle. However, insight into these
relationships was provided by the HVOSM model. The HVOSM rollover pre-
dictions on the New Jersey CMB are shown in Table 36. It is clearly evident

that rollovers occur only at the higher impact speeds of 60 and 70 mph.

TABLE 36
HVOSM ROLLOVER PREDICTIONS?*

Size Impact Impact
' Automobile Speed Angles
| (mph) (deg)
= _
| Standard ! 70 15,20,25
i :
| Compact f 60 25

| 70 15,20,25

a. See Tables 4 and 5.
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The rural and urban impact condition probabilities that correspond to the
HVOSM rollover predictions are shown in Table 37 for various compact
automobile distributions in the traffic stream. The SwRI data in Table 35
for the standard New Jersey CMB, which includes accidents prior to 1974,
compares well with the HVOSM predictions in Table 37 for either a rural or
urban highway and an assumed compact automobile split of 25%. Also, the
CALTRANS accident data for 1978 and 1979, in which 293 (8.8%) rollovers
occurred out of 3,311 reported accidents, compares well with the HVOSM
predictions in Table 37 for a rural highway and an assummed compact automobile

split of 50%.

It is certainly reasonable to expect that by 1990 that this split
could be as high as 75%, and as a result, compact automobile rollover
accidents could increase significantly because of their shorter wheel track

widths and lower roll moment-of-inertia resistance.

CMB ROLLOVERS AS FUNCTION OF HIGHWAY CONDITIONS

The number of CMB rollover accidents per mile of CMB length per year
that can be expected on roads of various design, ADT, and traffic mix are
shown in Figure 16. This graph was based on the results of the HVOSM simula-

tion study (Section 2) for two selected rural and urban sites. The rollover



TABLE 37
ROLLOVER ACCIDENTS (%)3

Type Size Compact/Standard Split
Interstate Automobile 25/?5b 50/50b ?5/25b
1 Highway (1974)"" (1980)"° (1990)"°
|
j Rural Standard 2.8 1.9 0.9
|
5 Compact 3.0 6.1 9.1
5 5.8 8.0 10.0
! Urban Standard 0.8 0.5 0.3
Compact 1.8 3.6 5.3
2.6 4.1 5.6

a. Based on Impact Condition Probabilities in Section 2.

Rural Interstate --- see Table 20
Urban Interstate --- see Table 21

b. Predictions of authors
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BETWEEN ROLLOVER INJURY TYPE ACCIDENTS
ON NEW JERSEY CMB AND TRAFFIC CONDITIONS
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accidents are higher on the rural interstate highway in lieu of the wider
median width because of the higher impact speeds. As an example, for an

ADT of 50,000, a compact automobile split of 50%, and a 1 mile length of CMB,
one can expect that about 0.8 and 1.5 rollover accidents per year will occur
on the rural and urban interstate highway sites defined, respectively. The
CALTRANS, SwRI, and NDR accident data analyzed earlier in this study (Sections
1, 2& 3) did not enable the determination of the frequency of CMB rollover

accidents on highways of various design, ADT, and traffic mix.

COST LIMITS TO RETROFIT

Using the same probabilitic method as used in the previous accident
study (Section 3), the equation used to compute the cost limits to retrofit

was as follows:

) Ef(D)(PNF) pC/E
U= ——=m0 {Z (Py) (Prosc) [Py /ar(ACqR) = Pypg(ACag)] S -=-Ea. 18
where: i
CL = cost Timits to retrofit New Jersey CMB over a 20 yr.
retrofit life at a 10% interest rate for those impacts
that result in rollovers ($/ft);
E¢ = total encroachment rate = 0.0009 ADT for both rural and

urban interstate highways (encroach/mi/yr);

D = portion of ADT involved in median encroachments = 0.5

(assumed)

1l

PWF = compound present worth factor for 20 yrs at 10% interest

= 8.514
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PC/E = probability of a CMB collision given that an encroachment
has occurred; (weighted average --- see Table 17)
Rural Interstate (30 ft. Median) = 0.736
Urban Interstate (16 ft. Median = 0.890

P,, = portion of automobiles of weight class "w" in the traffic

W

stream (W=1 for compact automobiles and W=2 for standard
automobiles) ;

PRO/C = probability of a rollover (includes mountings) given that a
collision has occurred. The values used were presented
in Table 37;

PI/BR = probability of an injury accident given that a rollover has
occurred before retrofitting (see Table 38);

PI/AR = probability of an injury accident assuming that a rollover

has been eliminated after retrofitting (see Table 38);

ACBR = total accident costs before retrofitting (see Table 38);

= total accident costs after retrofitting (see Table 38).

The assumed relationships between rollover accidents, accident severity
classification, and total accident costs are shown in Table 38. The SwRI
accident data shown earlier in Table 35 and the recent accident data presented
by CALTRANS (1) and shown in Table 1 (Section 1) indicate that a low percentage
of CMB accidents involve fatals. In Table 38, it was assumed that fatal
accidents could range from 0 to 4% before retrofitting, and after retrofitting
the fatal accidents were completely eliminated; in other words, all fatal
accidents were assumed to be directly related to rollovers. Property-damage-

only accidents were assumed as 10% before retrofitting and 80% after retrofitting.



TABLE 38

RELATIONSHIP BETWEEN ROLLOVER ACCIDENTS,
ACCIDENT CLASSIFICATION, AND TOTAL ACCIDENT COSTS

Accident Classification®" Total
Type PDO Injury Fatal ACC1deEt
Collision Accidents Accidents Accidents Costs ™
(%) (%) (%) ($)
Rollovers 10 90 0 5,310
(Before Retrofit) 10 88 2 8,190
10 86 4 11,080
l Rollovers
| Eliminated 80 20 0 1,840
i (After Retrofit)

a. Assumed in manner similar to that done in Simulation Study (see

Table

b. National Safety Council

(provided by Mr. Jim Boos,

--- $150,000 per fatal accident

former FHWA contract manager)

90

5,800 per injury accident

850 per PDO accident
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Using the NSC accident costs provided by Mr. Jim Boos (former FHWA contract
manager), the total accident costs for the assumed accident severity classifi-

cations are shown in Table 38.

The cost Timits to retrofit the New Jersey CMB as computed by use of
Eq. 18 are presented in Table 39 for two selected rural and urban interstate
highway sites carrying an ADT of 100,000 at various traffic mixes. It is
clearly evident that the compact automobile split and fatal accident rate
have a significant influence on the cost Timits to retrofit for a given ADT.
Referring to Eq. 18, it can be seen that the cost 1imits are a linear function
of the ADT. For example, the cost 1imits in Table 39 would be reduced by a

factor of one-half for an ADT of 50,000.



TABLE 39
COST LIMITS TO RETROFIT CMB® ($/ft.)

ADT = 100,000
Project Life = 20 yrs.
Interest Rate = 10 %

Type Median Compact Cost Limits ($/ft)
Interstate Width Sﬁ#?g Fatal Accidents (%)
Highway (ft) (%) 0 2 4
Rural 30 50 9.4?2 14.96 20.52
75 16.61 26.37 36.16
Urban 16 50 5.84 '9.27 12.71
75 11.54 18.32 28.12

a. Accident study analysis assuming retrofit will eliminate all rollovers. Cost limits are

Tinear function of ADT.

26



COMPARISON
OF
COST-EFFECTIVENESS STRATEGIES

(SECTION 5)
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In the previous work, three cost-effectiveness analytical methods
were used to compute the cost 1limits and breakeven traffic volumes for

retrofitting the New Jersey CMB. These methods were:

Section 2 --- Cost Limits to Retrofit New Jersey CMB Based on HVOSM

Computer Simulations

Section 3 --- Cost Limits to Retrofit New Jersey CMB Based on Assumed

Injury Accident Cost Reductions

Section 4 --- Cost Limits to Retrofit New Jersey CMB Based on Eliminating

Rollover Injury Accident Costs

The work done in Sections 3 and 4 were based on an analysis of accident
data compiled by the NDR (3) and the SwRI (9, 10); whereas, the work done
in Section 2 was based on HVOSM computer simulations in which the vertical
vehicle accelerations were adjusted (see Eq. 8) to take into consideration

the effectiveness of the retrofit unit in suppressing uplift and rollover.

The validation of the computer simulation study in Section 2 was based
on a comparison with the results of the accident analysis study in Section 4
assuming a 50% compact automobile split and a fatal accident occurrence of
2%. A comparison of the two studies is shown in Table 40 in terms of "Break-
even traffic volumes" for retrofitting the New Jersey CMB. Referring to
Table 40, it can be predicted that the retrofit unit would be feasible on
(a) an urban highway with a 16 ft. median and carrying a traffic volume
greater than 117,000 vpd, and (b) a rural highway with a 30 ft. median and

carrying a traffic volume greater than 66,000 vpd.



COMPARATIVE STUDY OF BREAKEVEN ADT's (1,000 vpd)
FOR RETROFITTING NEW JERSEY CMB

Retrofit Construction Cost
Improvement Project Life
Compounded Interest Rate
Accident Societal Costs

TABLE 40

wonwonon

$10 p1f
20 yrs
10 % 4
NSC (1979)

COST - EFFECTIVENESS STUDIES
Type Median Compact HVOSM 3 y P - : !
Interstate Width Auto Simulations Accident Analy%Jg_C&gﬂgj@_})___hd Acczgzzziﬁgal§515
Highway Split (Section 2) Basgd on NDR Basgd on SwRI
Acc1de?t Data Accident Data Fatal Accidents (%)
(ft) (%) 20% 40% 20% 40%
Reduction Reduction| Reduction Reductioﬂ 0 2 4
: =
Rural 30 50 66 68 34 148 74 106 67 49
75 59 64 32 120 80 60 38 28
Urban 16 50 117 60 30 140 70 171 108 79
75 100 56 28 144 72 87 55 40
a. NSC Accident Societal Costs ... PDO =% 850
Injury=$ 5,800
Fatal =$150,000

66
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The results of the accident analysis study in Section 3 are also shown
in Table 40 for comparative purposes. It can be seen that the accident cost
reduction factors of 20% and 40% used in that study fairly well bracket the
computer simulation study results in Section 2 and the accident analysis
study results in Section 4. These findings tend to indicate that effectiveness
of the retrofit required to reduce total accident costs will need to be some-
what within the 20% to 40% range. Better insight into the required retrofit
unit effectiveness will be provided later in the report by combining the
simulation results in Section 2 with the CALTRANS accident analysis study

results in Section 1.



CONCLUSIONS

(SECTION 6)
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The findings in this feasibility study indicate the proposed design
concept for retrofitting the New Jersey CMB (see Figure 1) has the potential
of being a cost-effective improvement alternative on divided highways

carrying high traffic volumes.

ACCIDENT DATA

Since the imposition of the 55 mph speed limit in 1974, accident data
on the CMB in California shows that the fatal + injury accident rates were
increasing. Also, the California data showed that 116 (7.7%) of the 1,515
reported accidents in 1978 and 177 (9.9%) of the 1,796 reported accidents
in 1979 resulted in vehicle rollovers. In comparison, a summary of accident
data presented by the SwRI on the standard New Jersey CMB showed that 7 (4%)
of the 180 accidents prior to 1974 resulted in vehicle rollovers and mountings.
Although the number of CMB rollovers by type of vehicle was not reported
in the California data, the findings in this study indicate that the
increase in rollovers since 1974 is most-likely due to (1) an increase in
travel speeds, and (2) an increase in the number of small automobiles in
the traffic stream. However, it is certainly reasonable to expect in the
near future that the number of small automobilies in the traffic stream
will continue to increase. As a result, the number of rollover accidents
involving small automobiles will undoubtedly continue to increase because
small automobiles have shorter wheel track widths and much lower roll-

moments-of-inertia than the larger size standard automobiles. It is

predicted that by 1985 the number of rollovers could be as high as 15%.
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COST LIMITS TO RETROFIT CMB

Cost Timits to retrofit the CMB are shown ir Figure 17. The cost limits
in this study were expressed as a function of the following variables:

* Rural Interstate Highways

(Selected Median Width = 30 ft)
* Urban Interstate Highways
(Selected Median Width = 16 ft)

* Traffic Volumes (ADT in both directions)

* Automobile Weight Distributions in Traffic Stream
Selected Automobiles-~--Compact Wt = 2,250 1bs

4,500 1bs

---Standard Wt

For pruposes of illustration, assume that a rural interstate highway
with a 30 ft. median is carrying an ADT of 120,000 and that the traffic is
comprised of 50% compact automobiles. Referring to Figure 17, it can seen
that the CMB retrofit unit has the potential of being cost-effective on the
condition that the construction costs of retrofitting do not exceed the cost

1imit of $18 pif.

BREAKEVEN ADT TRAFFIC VOLUMES

The CMB retrofit unit will be of precast concrete construction and
shipped by truck to the job site. It is, therefore, reasonable to assume
that the construction costs will remain relatively fixed from job site to
job site. For this reason, it is possible to determine the cost-effectiveness
of retrofitting in terms of a "breakeven ADT traffic volumes" for a fixed

retrofit construction cost.



COST LIMITS TO RETROFIT ($/Ft.)
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SIMULATION STUDY
(Case IIL - Upper Limit)

& /
J/
> 2]
yd P
COMPACT # 7
AUTOSPLIT / /
(%) / S
>
%
7 50’
10 // -
a
RURAL 75
(30 Ft. Median) 56
A
P
vl URBAN
A (16 Ft. Median)
¥ <
7
z
z
/

0 i 1 1 1l |
20 40 60 80 100

ADT (1,000)

120

FIGURE 17: COST LIMITS TO RETROFIT NEW JERSEY
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Design and maintenance engineers from the Nebraska Department of Roads
estimate that the CMB retrofit unit can be precast, shipped, and installed
in-place for a cost of $10 p1f. The breakeven ADT traffic volumes obtained

from Figure 17 for a fixed retrofit unit cost of $10 pIf are shown in Table 41.

TABLE 41

BREAKEVEN ADT TRAFFIC VOLUMES
Retrofit Unit Cost = $10 pif
Accident Societal Costs = NSC

Median Compact Auto Split
Type Width
Interstate (ft) 50% 75%
Urban 16 117,000 100,000
Rural 30 66,000 59,000

Referring to Table 41 and assuming that the traffic stream is comprised
of 50% compact automobiles, it can be seen that the CMB retrofit unit has
the potential of being cost-effective on (1) urban highway with a 16 ft.
median and carrying an ADT of 117,000 and higher, and (2) a rural highway
with a 30 ft. median and carrying an ADT of 66,000 vpd and higher.

The lower breakeven ADT's on a rural highway than an urban highway
in Table 41 are a reflection of the increased probability of vehicle rollover

because of the higher travel speeds on a rural highway.
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POTENTIAL EFFECTIVENESS OF CMB RETROFIT UNIT

The effectiveness of the CMB retrofit unit required to reduce total
accident costs was determined from an analysis of the accident data provided
by CALTRANS (refer to Section 1). The graph of retrofit effectiveness in
terms of ADT presented earlier in Figure 2 is presented again in Figure 18.
Insight into the actual or potential effectiveness of the retrofit unit
was provided by superimposing the breakeven ADT traffic volumes in Table 41

on the curve in Figure 18.

Referring to Figure 18 and assuming that the traffic stream is comprised
of 50% compact automobiles, it can be seen that the retrofit unit will be
at least (1) 45% effective on a rural highway with a 30 ft. median and
carrying an ADT of 66,000 and higher, and (2) 25% effective on an urban
highway with a 16 ft. median and carrying an ADT of 117,000 and higher.



Effectiveness of Retrofit Unit Required to Reduce Total Accident Costs (%)

Breakeven ADT Traffic Volumes for

100 Retrofit Construction Cost of $10 plf
(Figure 17)
. Rural Interstate and 50% Small Cars
80 - (O Rural Interstate and 75% Small Cars
A Urban Interstate and 50% Small Cars
A Urban Interstate and 75% Small Cars
60
40 +
20 -
1 1 1 1 1 1 1 1 1 J
0 40 80 120 160 200

ADT (1,000)

FIGURE 18: POTENTIAL EFFECTIVENESS OF CMB RETROFIT UNIT
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RECOMMENDATIONS

(SECTION 7)
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The findings in this feasibility study have been based on the assumption
that the reverse sloped surfaces of the CMB retrofit unit would be effective
in suppressing vehicle uplift and rollover under impact angles greater than
10 deg.

It is recommended that the effectiveness of the retrofit unit be
confirmed by conducting a Timited number of full-scale vehicle crash tests.
Also, it is recommended that the California accident records for the years
of 1978 and 1979, in which 293 (8.8%) rollovers occurred out of a total
of 3,311 reported accidents on the CMB, be reviewed manually to aid in the
selection of the test vehicles and the impact speed-angle conditions.

A detailed work plan and schedule was submitted on May 19, 1980 for
review and approval for the continuation of this study to conduct full-
scale vehicle crash tests. A copy of the work plan and schedule is presented

in Appendix C.
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APPENDIX A

HVOSM SIMULATION OF IMPACT ON NEW JERSEY CMB
1971 Chevrolet Vega
60 mph
15 deg



UNL-FHWA NEW JERSEY CMB STUDY. 60 MPH / 15.0 DEG (RKUN NO. 19) 0 100
v.0 1.00 - U05 -01 70. 0.0 0.0 0 101
0.0 1.0 5.0 .001 1.0 0.001 0 102
1.0 0 103

1.0 1.0 1.0 0 104

1971 CHEVROLET VEGA (2450 LB) 0 200
5.3370 0.4240 10,5760 2640.0 164400.0 14400,0 -100.0 250.0 0 201
43.87 53.13 55.10 54.10 1.31 38.00 0 202
0.0 9.0 8.0 0.0 -9.0 5.0 b.586 Ta21 0 203
96.00 300.0 2.0 300.0 2,0 0.50 -2.2 3.84 0 204
121.0 300.0 2.0 300.0 2.0 0.50 =242 L.8% 0 205
2.0 37.0 0.001 2.0 56.0 0.001 0 206
0.0 11690.0 =-0.01 0 207
300.0 1000.0 0.614 5000.0 0.010 1.5 0 208
=5.0 5.0 1.0 0 209
-6.8 -4.75 -3.08 -1.75 -0.73 0.0 O.48 0.65 0.78 1 209
0.83 0.85 2 209
-5.0 5.0 0.5 0 210

1 210
2 210
3 210
-5.0 5.0 5.0 021
1 211
73.87 -96.13 32.70 -12.50 8.50 4.0 0 212
u7,u0 -47.50 65,20 28,0 29,0 21.0 0 213
14.45 17.00 0.00 2500.0 2500.0 2500.0 0 214

TIERE INPUT DATA 0 300
1.0 1.0 1.0 1.0 6.0 - 25 0 301
1240.0 6.0 10.0 3625.0 7.71 2344.0 1.55 5500.0 0.750 130
0.70 11.83 0 302

NJ CME (FULL CURB + BARRIER) 0 500
590.0 600.00 600.052 607.054 609.054 0.50 0 507
0.00 -3.0 -13.0 -32.00 ) 0 508
0.0 -89.00 -55.00 =-83.66 0.0 0 509
509,054 -32,00 0.0 0.50 0.30 1.0 500.0 0.001 1.0 0 510
0.0 50000.0 0 511

IMPACT CONDITIONS 60.0 MPH / 15.0 DEG 0 00
0.0 0.0 15.0 0.0 0.0 0.0 v.0 0.0 0 601
160.0 500.0 =20.42 1056.0 0 602

09993

0TI



UNL-FHWA NEW JERSCY CMB STUDY. 60 MPH / 15.0 DEG (RUN NO. 18) APRIL

1971 CHEVROLET VEGA (2450 LB) TTKE INPOT DATA
NJ CMB (FULL CURE + BARRIER) TMPACT CONDITIONS /0.0 MPH / 15.0 DEG
PROGEAMHN CONTERKOL D AT A
START TIME TO = 0.0 SEC
END TIME T1 = 1.0000 SEC
INTEGRATION INCREMENT DTCOMP = 0.0050 SEC
(O=VARIABLE STEP ADAMS-MOULTON
INTEGRATICN MODE MODE = 1 =) 1= RUNGA-KUTTA
(2= PIXED STEP ADAMS-MOULTON
PFINT INTERVAL DIPRNT = 0.0100 SEC
(0= INDEZPENDENT FRONT SUSPENSION, S50LID REAR AXLE
SUSPENSIUN OPTION 1505 = 0 -) 1= INDEPENDENT FRONT AND REAR SUSPENSION

(2= SOLTID FRONT AND REAR AXLES
(0= NO CURB, NO STEER DEGREE OF FREEDON
CURB/STLER OPTION INDCEB = 1 =) 1= CURB

(-1=STEER DEGREE OF FREEDOM, NO CURB

CURB INTEGRATION INCR, DELTC = 0.00100 SEC
(0= NO BARRIER
| 1= RIGID BARRIER , FINITE VERT. DIM.
BARRIER OPTION INDE = 1 -)2= " LJINFINITE ' "
| 3= DEFURN, *! , FINITE ! "
(4= v " LJINFINITE ‘! '
BARRIER INTEGHKATIUN INCE, DELTB = 0,00100 SEC
INITIAL CONDITTIONS
XCOP = 160.00  INCHES D0 = 1056.00 IN/SEC
SPRUNG MASS C.G. POSITION YCOP = 500,00 INCHES SPRIUNG MASS LINEAR VELOCITY VO = 0.0 IN/SEC
ZCUOP = =-20.42  INCHES , WO = 0.0 IN/SEC
PHIO = 0.0 DEGREES PO = 0.0 DEG/SEC
SPRUNG #ASS OFIENTATLON THETAO = 0.0 DEGREES SPRUNG MASS ANGULAR VELOCITY 00 = 0.0 DEG/SEC
PSI0 =  15.00 DFGREES RO = 0.0 DEG/SEC
DEL10 = 0.0 INCHES DEL10D = 0.0 IN/SEC
UNSPRUNG MASS POSITIONS DEL20 = 0.0 INCHES UNSPRUNG MASS VELOCITIES DEL20D = 0.0 IN/SEC
DEL30 = 0.0 INCHES DEL30D = 0.0 IN/SEC
PHIRO = 0.0 DEGREES PHIROD = 0.0 DEG/SEC
STEEP ANGLE PSIFIO = 0.0 DEGREES STEER VELOCITY PSIFDO = 0.0 DEG/SEC

[88¢



UNL-FH®A NEW JERSEY CMB STUDY. 60 MPH / 15.0 DEG (RUN NO. 18) APRIL

1971 CHEVROLET VEGA (2450 LB) TIkE INPUT DATA
NJ CMB (FULL CURL + BARRIER) IMPACT CONDITIONS 60.0 MPH / 15.0 DEG
SPRUNG MASS XHS = 5.337 LB-SEC**2/IN FRONT WHEEL X LOCATION A - 43.870 INCHES
FPONT UNSPRUNG MASS XMUF = 0.424 LB-SEC**2/IN REAR WHEEL X LOCATICN B = 53.130 INCHES
REAR UNSPRUNG MASS XMUR = 0.576 LB-SEC**2/IN FRONT WHEEL Z LOCATION Zr = 8.580 INCHES
X MOMENT OF INERTIA XIX = 26u40.000 LB-SEC**2-IN REAR WHEEL Z LOCATION ZER = 7.210 INCHES
Y MOMENT OF INERTIA X1y = 14400.000 LB-SEC*#2-IN FRONT WHEEL TRACK TF = 55.100 INCHES
Z MOMENT OF INERTIA XI12 = 14400.000 LB-SEC**2-IN REAR WHEEL TRACK TR - 54.100 INCHES
X7 PEODUCT OF INERTIA XIXZ = -100.000 LE-SEC**2-IN FRONT ROLL AXIS RHOF = 0.0 NOT USED
FRONT AXLE MOMENT OF INERTIA XIF = 0.0 NOT USED REAR ROLL AXIS RHO = 1.310 INCHES
REAR AXLE MOMENT OF INERTIA XIR = 250.000 LB-SEC**2-1IN FRONT SPRING TRACK IS5F = 0.0 NOT USED
GERAVITY G = 386,400 IN/SEC¥*¥2 REAR SPRING TRACK TS = 38.000 TNCHES
X1 = 0.0 INCHES FRONT AUX ROLL STIFFNESS RF = 0.0 LB-IN/RAD
ACCELERUMETER 1 POSITION b 4 | = 9.00 INCHES REAR AUX ROLL STIFFNESS RR = 11690.00 LB-IN/RAD
Z1 = 8,00 INCHES KREAR ROLL-STEER COEF. AKRS = -0.0100 RAD/RAD
X2 = 0.0 INCHES AKDS = 0.0 NOT USED
ACCELEROMETER 2 POUSITION Y2 = -9.00 INCHES REAR DEFL-STEER COEFS. AKDS 1= 0.0 NOT USED
z2 = 8,00 INCHES AKDS2= 0.0 NOT USED
AKDS3= 0.0 NOT USED
STEERING SYSTEH®
MOMENT OF INERTIA XIPS = 300,000 LB-SEC**2-1IN
COULUMB FRICTION TORQUE CPSP = 1000.0u0 LB-IN
FEICTION LAG EPSP = 0.010 RAL/SEC
ANGULAR STCP RATE AKPS = 5000.000 LB-IN/RAD
ANGULAR STOP POSITION OMGPS = 0.614 RADIANS
PNEUMATIC TRAIL XPs = 1.500 INCHES
FRONT SUSPENSION REAR SUSPENSION
SUSPENSION RATE AKF = 96.000 LB/IN AKR = 121.000 LB/TN
COMPEESSION STOPF COEFS. AKFC = 300.000 LB/IN AKRC = 300.000 LB/IN
AKFCP = 2,000 LB/IN*%3 AKRCP = 2.000 LB/In*%3
EXTENSION STCP COEFS. AKFE = 300.000 LB/IN AKRE = 300.000 LB/IN
AKFEP = 2.000 LB/IN**3 AKREP = 2.000 LB/IN*%*3
COMPRESSTON STOP LOCATION OMEGFC = -2.200 INCHES . OMEGRC = -2,200 INCHES
EXTENSION STCP LOCATION OMEGFE = 3.8U0 INCHES OMEGRE = 4_.B50 INCHES
STOP ENERGY DISSIPATION FACTOR XLAWNF = 0.500 XLAMR = 0.500
VISCuUS DAMPING COEF. CF = 2.000 LB-SEC/IN CR = 2.000 LE-SEC/TIN
COULGHMB FRICTION CFPp = 37.000 LB CRP = 58.000 LB
FRICTION LAG EPSF = 0.001 IN/SEC EPSR = 0.001 IN/SEC

A
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Tawa ' INavas! DAin

IMPACT CCNDITTONS 60.0 MPH / 15.0 DEG
T A

ELEVATION AT
SLOPE CHANGE

CURB FACE ANGLE

INCHES INCHES DEGEELS
Ycip = 590. 00 PHICT = 0.0
YCZ2p = 600,00 ZC2p = 0.0 PHIC2 = -£9.00
YC3P = 600.05 ZC3P = -3.00 PHIC3 = -55.00
YCUfP = 607. 05 ZCup = -13.00 PHICY = -83.66
YC5P = 609,05 ZCS5P = -32,00 PHICS = 0,0
YC6P = 0.0 ZCoP = 0.0 PHICE = 0.0
NCRBSL = 5
CURB FRICTION COEFFICIENT FACTOR AMUC = 0.500
WHEEL RADIUS-KADIAL SPRING FOk TABLE
RWHJD (BEGIN) = 0,0 INCHES
RWHJE (END) = €. 000 $e
DLWHJ (INCRE.) = 0. 250 "
RW-HJ FJP. FJP. FJP. FJP.
IN, LBS. LBS. LBS. LBS.
RF LF PR LR
0.0 0.0 0.0 0.0 0.0
0.250 80.5 80.5 80.5 80.5
0.500 90.0 90.0 90.0 90.
0.750 122, 122. 122. 122,
1.00 1354 1354 135a 135.
125 145, 145, 1u5, 145,
1.50 171. 171. 171. 171
1.75 182, 182, 182, 182,
2.00 182. 182. 182. 182.
2,25 221, 221, 221, 221,
2.50 201. 201. 201. 201.
2:75 241, 241, 2u1, 241,
3.00 223 223. 223, 223.
3.25 261, 261, 261, 261,
3.50 264, 244, 2u4, 244,
3.75 27, 274, 274, 274,
4.00 274, 274, 274, 274,
4,25 290. 290, 290, 290.
4.50 287. 287. 287. 287.
4,75 312, 312, 312, 312,
5.00 303. 303. 303. 303.
529 25, 325. 325. 325.
5.50 J2H8. 328. 3Z28. 326.
5«75 3ou, 33y, 334, 334,
b.00 341, 3u1. 3u1. 341.
(Ys*")o = 609,054 INCHES KV = 4,000 LB/IN®%3
DELYB' = 0.500 ! SET = 0.001 DEFL. RATIO
Z3T! = -32.000 ! CONS = 1.000 ENERGY RATIO
ZB3"! = 0.0 I MUb = 0.300
VEHICLE DIMENSICNS EPSILON V = 1.000 IN/SEC

SIGMAR
SIGHAR
SIGMAR
SIGMAR
SIGMAPR U4

Wk -0

wowonon

0.0
£0000.0000
0.0
0.0
0.0

RIL

€1l



UNL-FHWA NEW JERSEY CMB STUDY. €0 HPH , 15.0 DEG (RUN NO. 18) APRIL
1971 CHEVROLET VEGA (2450 LB) TIRE INPUT DATA
NJ CHMD (FULL CUREB + BARERIER) IMPACT CUNDITIONS 60.0 MPH / 15.0 DEG

T IEBE D ATA

RF LF RR LR

TIRE LINEAR SPRING RATE AKT = 1240.000 1240.000 1240.000 1240.000 LB/IN
DEFL. FOR INCHEASED RATE SIGT = €.000 6.000 6.000 6.000 TINCHES
SPRING RATE INCREASING FACTOR XLAMT = 10.000 10.000 10.000 10.000

AQ = 3625.000 3625.000 3625.000 3625.000

Al = T« T11 7.711 V<111 T.711%
SIDE FORCE COEFFICIENTS A2 = 2344.000 2344,000 2344.,000 2344,000

A3 = 1.550 1.550 1.550 1550

Al = 5500.000 5500.000 5500.000 5500.000
TIRE OVERLOAD FACTOR GMEGT = 0.750 0,750 0.750 0.750
TIRE UNDEFLECTELC RADIUS RW = 11.830 11.830 11.830 11.830 TNCHES
TIRE s GRCUND FRICTION COEF. ANU = 0.700 0.700 0.700 0.700

ANTI-PITCH TABLES FOR CIRCUMFEKENTIAL TIkKE FORCE

FRONT WHLEL APF REAR WHEEL APH
DEFL. - IN. LE/LBE~FT DEFL.- IN. Le/LL-FT

-5.0000
-4, 5000
-4.0000
-3.5000
-3.0000
-2.5000
-2.0000
-1.5000
-1.0000
-0.5000
0.0
0.5000
1.0000
1.5000
2.0000
2.5000
3,0000
3.5000
4,0000
4.5000
5.0000

-£.0000 0.0
0.0 0.0
5.0000 0.0

COCOO0O0OC0CODOO0OC0COOoOO0OCOoODODDOCOoOOO
= & = & ® 8 = & = 0 B =« b = B s N s 2 =@

[=HellsflofefeofeflefoRolleofolefolofoleNolelalel

vil



XVF = 73.870 INCHES EPSILON B = 500.000 LB SIGMAR 5 =
XVR = -96,130 ' SIGMAR 6
v = ' 32.700 ¢ SIGMAR 7
ZVT = -12.500 ' SIGMAR 8
ZVB = 8.500 ! SIGMAR 27
STGMAR10

SPRUNG MASS HAED POINT DATA

LOCATION IN VEH. COORDS. STIFENESS
POINT XST10 YSTIO ZSTIU AKST
NO. IN. IN. IN. Lu/IN
1 47,40 28,00 14,45 2500.00
2 -47.50 28.00 17.00 2500.u0
3 65.20 21.00 0.0 250v.00

cooocoor

[/ T [}

coocoo

G11



UNL-FHWA NEW JERSEY CMB STUDY. 60 MPH , 15.0 DEG (RUN NO. 18) APRIL

1971 CHEVROLET VEGA (2450 LB) TIkkE INPUT DATA
NJ CME (FULL CURE + DBARRIER) TMPACT CONDITTONS 60.0 MPH / 15.0 DEG
FRONT WHEEL CAMBER REAR WHEEL CAMBLE FRCNT HALF-TRACK CHANGE REAR HALF-TRACK CHANGE
Vs Vs Vs Vs
SUSPENSION DEFLECTION SUSPENSTION DEFLECTION SUSPENSION DEFLECTION SUSPENSION CEFLECTICN
DELTAF PHIC DELTAR PHIRC DELTAF DTHF DELTAR DTHE
INCHES CEGREES NOT USED NO1 USED INCHES INCHES NOT USED NOT USED
-5.00 -6.80 -5.00 0.0 -5.,00 0.0 -5.00 0.0
-4.00 -4, 75 -4.00 0.0 -4.00 0.0 -4.00 0.0
-3.00 -3.08 -3.00 0.0 -3.00 0.0 -3.00 0.0
-2.00 -1.75 -2.00 0.0 -2.00 0.0 -2.00 0.0
-1.00 -0.73 -1.00 V.0 -1.00 0.0 -1.00 0.0
0.0 0.0 0.0 u.u 0.0 0.0 0.0 0.0
1.00 0.u48 1.00 0.0 1.00 0.0 1.00 0.0
2.00 0.65 2.00 U.0 2.00 0.0 2.00 0.0
3.00 0.78 3.00 0.0 3.00 0.0 3.00 0.0
4.00 0.83 4.00 U.0 4.00 0.0 4.00 0.0
5.00 0.85 5.00 0.0 5.00 0.0 5.00 0.0

911



TIME
SEC

0.0

0.010
0.020
0.030
0.040
0.050
0.0A0
0.070
0.080
0.090
V.100
0.110
0.120
0.130
0.140
0.150
0.160
0.170
0.180
0.190
0.200
0.210
0.220
0.230
0.240
0.290
0.260
0.27%0
0.280
0.290
V.300
0.230
0.320
0.320
0.300
0.300
U.300
0.300
0.300
0.300
0.400
0.400
0.400
0.400
0.400
0.400
0.400
0.400
0.400
0.w00

UNL-FHWA NEW

JERSEY CMDB STUDY.

971 CHEVROLET VEGA (2450 LB)

J CMB (FULL CURE + BARRIER)

I
|

POSITION (FEET)
ic | Yc! I
13..33 41.67
14,18 41,89
15.03 42.12
15. 68 uz2.35
16.73 42.58
17.58 42.81
18,43 43.03
19.28 43.2€
20.13 43.u49
20.98 43,72
21.83 43.94
22.68 Ly 17
23,53 by, 40
24.38 4u_.63
25. 23 44,86
26.08 45,08
26.93 45.31
27.78 45,54
28,63 45,77
29.48 45.99
30.33 4e6.22
31.18 U, us
32.03 U6.68
32.88 46.90
33.73 47.11
34,57 47.29
35,41 47,40
36. 25 47.53
37.08 47558
37.92 47,63
38.75 47.67
39.58 47.71
40.41 47,74
41.25 47.177
42.08 47.79
42,91 47,79
43.74 47.77
u4.57 47.72
45,39 47.66
b6.21 u7.59
47.03 47.52
47.86 47,44
LB.KA 47.37
49.50 47.30
50.32 47,23
51.15 47.15
51.97 47.07
52.79 46.99
53.62 4bE.91
54,44 46.83

Zc!

-1.70
-1.70
-1.70
=110
-1 10
-1.69
-1.69
-1.69
- T< 68
-1.68
-1.68
-1.68
-1.67
-1.67
-1.66
-1.66
-1.66
-1.66
-1.65
-1.65
-1.65
-1.65
-1.64
-1.04
-1.64
-1.64
=%1+/65
-1.68
~1ed1
=375
~-1.80
-1.84
~1.88
-1.93
-1 97
_2l01
-2.05
-2.09
-2.13
-2.18
=224
mds il
-2.3u
=-2+39
-2.,43
-2.47
“2a51
=204
-2.57
=259

TIKE

S PKUNG
VELOCITY (FT/SEC)

FURWARD

BE.00
BH,00
88.00
88.00
86,00
88.00
88, 00
88.00
88.00
88.00
B8.00
88.00
H8, 00
88.00
88.00
58,00
88.00
88.00
B8.00
58.00
B6.00
88.00
88.00
87.60
86.79
85.70
b4.18
82.95
82.94
83.16
B3.32
83.40
83,39
B83.27
83.20
63.09
b2.86
82.68
82.68
82.67
82.65
82,64
82.62
82.€0
82.61
82.66
82 4%
B2
82.70
HZ2.67

DATA

K ASS

LATERAL

0.0
-0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-0.00
-0.00
-0.00
-0.00
0.00
0.00
-0.00
-0. 64
-2.47
-4.65
-7.94
-11.04
-9.73
-7.27
-4.77
-2. 16
0.63
3.13
4. 13
4,23
3.60
2.13
1.62
1.97
2. 36
212
3.05
3. 38
.62
3.72
3.70
3.69
3. 84
u.00

t0 MPH / 15.0 DEG
INPOT
IMPACT CONDITIONS

(RUN NO.

VERTICAL

0.0
0.04
0.12
0.23
0.32
0.36
0.36
0.35
0.33
0.33
0.36
0.41
0.45
0.u8
0.us6
0.44
0.42
0.40
0.38
0.35
0.33
0.32
0.32
0.29
0.11
-0.38
-1.40
=253
-2.81
-2.57
=2,15
-1.52
-0.70
0.29
1.2“
2.03
2.47
2.41
1.98
1.8%
1.70
1.59
1.59
1.69
1.84
2.03
2.30
2.54
2.76
2.96

18)

60,0 MPH / 15.0 DEG

LONG.

0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00

0.00

0.00

0.00
-0.00
"0. 00
-0.00
-0.00

0.00

0.00

0.00

0.00

0.00

0.02

0.00

0.00
-0.25
-2.09
-3.00
-4.11
=5.83
-5.06
'0- 33
-0.24
-0.18
-0.14
-0.19

0.02

0.25
-0.12
-0.66
-0.24

0.10
-0.,03
-0.03
-0.01
-0.01
-0.01

0-13

0.20

0.14
-0.01
-0.07
-0.06

!

ACC!



1971 CHEVRULET VEGA
NJ CHB

TIMNE
SEC

0.0

0.0100
0.0200
0.0300
0.0u400
0.0500
0.0600
0.0700
0.0300
0.0900
0.1000
0.1100
0,1200
0.1300
0.1400
0.1500
0.1600
0.1700
U.1800
0.1300
0.2000
0.,2100
0.2200
0,2300
0.2400
0.2500
0.2600
0.2700
0.2800
0,2900
0.3000
0.3100
0.3200
U.3300
0.3400
0.3500
0.3600
0.3700
0.3800
0.3900
0.4000
D.4100
0.u8200
0.4300
0.4400
0.4500
0.4600
0.4700
0.4800
0.4900

UNL-FHWA NEW JERSEY CMB STUDY.
(2450 LB)
(FULL CURE + BARRIER)

S PRUNG

AKGULAR VELOCITIES (DEG/SEC)

P

0.0
-0,00
-0.00
-0.00

Q

0.0

0.08
0.18
0.33
0.61
0.91
1.00
1.01
0.89
0.40
.08
0.09
0.28
0.69
0.69

R

0.0
0.00
-0.00
-0.00
-0.00
-0.00
_00 00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.01
-0.03
-0.04
-0.23
-7.87
-33.10
~67.75
-121,04
-181.33
-195.76
-198.36
-201.75
-204.54
-205,50
-199.135
-174.56
-13e.82
-95. 27
-49. 21
-33.01
-32.48
-32.44
-31.97
3121
-30.50
-29.00
-26.17
-22,32
-19.30
-18.97
-19.02

I
I

TIRE INPUT DATA

TMPALT CONDITIONS

ROLL

0.0
-0.00
-0.00
-0.00
-0.00
-0-00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
_D— DO
-0.00
=0.01
-0.00

0.00

.02

0.09

0.35

0.76

1.03

0.85

0.3u
-0.31
-1.03
=1a T8
-2,53
-3.27
-3.87
-4,32
-4.74
-5.30
-6,01
-6.83
-7.69
-8.57
-9.45

-10.30
-11.10
-11.86
=12.53
-13.14
-13.72
=14, 31

HAS5S
ORIENTATION (DEGREES)

|

PITCH

0.0
0.00
0.00
V.00
0.01
0.02
0.03
0.04
0.05
0.05
0.05
0.06
0.06
0.06
0.07
0.08
0.08
0.09
0.09
0.08
0.08
0.07
0.05
0.03
0.00
-0.00
0.08
0.34
0.72
1= 15
1. 59
2. 05
2,51
2.96
3.41
3. 84
b, 23
4.53
4,68
4.68
4,58
4,39
4.17
3.93
3.70
3.u8
3.30
3. 15
3.02
2.90

60 ¥PH / 15.0 DEG

(RUN NO,

YAW

15.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
15,00
15.00
14.97
14,78
14,28
13.39
11.86

9.95

7.98

5.97

3.93

1.86
'D- 22
-2.13
-3.74
-42.95
=571
-6.10
-6.U43
-6.74
-7.04
-7.33
-7.60
-7.86
-8.10
-8.31
-8.49
-B.65
-3,82

I
|
|

18)

60.0 MPH s/ 15.0 DEG

SIDESLIP
ANGLE
DEG

-0.00
-0.00
-0100
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0-00
-0-00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00

0.00

0.00
-0.00
-0.u2
-1.63
-3.10
-5+37
=7.55
_6.69
=5.01
-3.31
-1.52

0.41

2.16

2.90
3.02
2.62
1.62
1.27
1.51
1.78
2.03
2.27
2,52
2.71
2.81
2.85
2.89
3.03
3.19

COURSE
ANGLE
DEG

15.00
15.00
15.00
15.00
15. 00
15,00
15.00
15.00
15.00
15.00
15.00
15. 00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
14,55
13.15
11.18
8.02
4,31
3.26
2.97
2.67
2.4
2.26
1.95
0.77
-0.73
=2.33
-4.08
-4.83
-4.92
-4_96
=501
-5.06
-5.08
-5. 15
~5.29
=5.46
-5.60
-5.62
-5.63

APRIL

PAGE 12.01

| FRONT STEER|

ANGLE
DEG

[=N-N-NelN-N-NeN-NolalNeNefeNeloNe]

.
(=]
oo

ODOOOOOOOPDGC}DOODOD

(=]
(=]

o
N

(=]
o

0.00
0.00
-0.09
-0.41
'U.au
-1.54
-3.66
-6.76
-9.90
-12.93
-15.82
-18.57
-21.25
-23.91
-26.54
-29.16
-31.76
-34.34
-36.90
-39.43
-41.95
-uy,u3
-46.87
49,28
=51.65
-53.97
-56.23
-58.45
-60,60

(=]
o
L=

REAR STEER|
ANGLE |
DEG |

0.0
-0.00
-0,00
-0.00
-0.00
-0.00
-0.00
-0.00
'0-00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00

0.00

0.00

0.01

0.01

0.01

0.00
-0.00
-0.01
-0.02
-0.04
-0105
-0.0u4
-0.00

0.06

0.11

0.12

0.12

0. 11

0.08

0.05—

0.0100
-0.03
-0.06
-0,08
-0.07
-0.07
-0.05



UNL-FHWA NEW JERSEY CMB STUDY. 60 MPH / 15.0 DEG (RUN NO. 18) APKIL

1971 CHEVROLET VEGA (2450 LB) TIRE INPUT DATA .
NJ CHMB (FULL CURE + BARRIER) IMPACT CONDITIONS 60.0 MPH / 15.0 DEG PAGE 17.02
TIHE | TIRE CONTACT POINT ELEVATION (INCHES) |
SEC I RF I LF | RR | LE I
0.5000 -8.74 0.0 -6.52 0.0
0.5100 -B.74 0.0 -6,52 0.0
0.5200 -8.74 0.0 -6.52 0.0
0.5300 -B.74 0.0 =652 0.0
0.5400 -8.74 0.0 -6.52 0.0
0.5500 -8.7u 0.0 -6.52 0.0
0.5600 , 0.0 0.0 -6.52 0.0
0-5700 0-0 0-0 '6052 U-U
0.5800 0.0 0.0 -6.52 0.0
0.5900 0.0 0.0 =6, 52 0.0
J.6000 0.0 0.0 -6.52 v.0
0.6100 0.0 0.0 -6.52 0.0
0.6200 O-U 0;0 '6-52 D-G
0.6300 0.0 0.0 -6.52 0.0
0.6400 0.0 0.0 -6.52 0.0
0.6500 0.0 0.0 -6.52 0.0
0.6600 0.0 0.0 -6.52 0.0
0.6700 0.0 0.0 -6.52 0.0
0.6800 0.0 0.0 -6.52 0.0
0.6900 0.0 0.0 -6.52 0.0
0.7000 0.0 0.0 -6.52 0.0
0.7100 0.0 0.0 -6.52 0.0
0.7200 0.0 0.0 -6,52 0.0
0.7300 0.0 0.0 -6.52 0.0
0.7400 0.0 0.0 =6, 52 0.0
0.7500 6.0 0.0 0.0 0.0
0.7600 0.0 0.0 0.0 0.0
0.7700 0.0 0.0 0.0 0.0
0.7800 0.0 0.0 0.0 0.0
0.,7900 0.0 0.0 0.0 0.0
0.8000 0.0 0.0 0.0 0.0
0.8100 0.0 0.0 0.0 0.0
0.8200 0.0 0.0 0.0 0.0
0.8300 0.0 0.0 0.0 0.0
0.8u400 0.0 0.0 0.0 0.0
0.8500 0.0 0.0 0.0 0.0
0.8000 0.0 0.0 0.0 0.0
V.8700 0.0 0.0 0.0 0.0
0.8800 0.0 0.0 0.0 0.0
0.8300 0.0 0.0 0.0 0.0
0.9000 0.0 0.0 0.0 0.0
0.9100 0.0 0.0 0.0 0.0
0.9200 0.0 0.0 0.0 0.0
v.9300 0.0 0.0 0.0 0.0
0.9400 0.0 0.0 0.0 0.0
0.9500 0.0 0.0 0.0 V.0
0.9600 0.0 0.0 0.0 0.0
0.9700 0.0 0.0 0.0 0.0
0.9400 0.0 0.0 0.0 0.0
0.9900 0.0 0.0 0.0 0.0
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0.0700
J.0500
0.0300
U. 1000
0.1100
0.1200
v.1300
U. 1400
00,1500
0.1600
v.1700
0.1800
0.1300
U.2000
0.2100
0.2200
0.2300
0.2400
0.2500
0.2600
0.2700
0.2800
0.2900
0.3000
0.3100
0.3200
0.3300
0.3400
0.3500
0.360C
0.3700
0.3300
0.3900
0.4000
0.4100
0.4200
0.4300
D.4400
0.4500
0.4600
0.4700
V.4700
0.4300

| INTEFFACE |

| AREA
I IN*%2
U0

. = 4 = ¥ = L I

[=ReoReBoRoRollelafolalalofoNaNalelall=Nole]

(ellefelofoloRollefolesNal-NaololeleNalelole]

0.0
147.35
371. 34
575.8b
739.51
856, 14
867.50
862. 25
862,25
862.25
862. 25
Rb2.,25
862.25
282.19
944,59
1069.96

367.91
1013.08
1v13.08
1013.08
1013.08
1013.08
1013.08
1013.08
1013.08
1013.08
1013.08
1013.08
1013,08

UNL-FHWA NEW JERSEY CHMB
1971 CHEVROLET VEGA (2450 LB)
NJ CMB (FULL CURB + BARRIER)

| INCHES
0.0

FHOOOOoOOOOCoOoOOoOoOOoC oo OoOoT oo
[+

@ I = @ = § & & ¢ @ =« @ = @ =« & e @ 0 @ = @ =

~d

Lo F2,20000C0O00O0CC OO0 00U OoOoOCOCO

.
W w
U

o @
(Ve eyl
v

5.18
3.35
1. 36
0.0

0.0

1. 17
3.87
5.59
6.30
6.20
5.95
St
5,35
4.99
4.59
4,16
3.b7
3.09
2.43
1.73
1.02

VEHICLE |
| DEFURMATION|

NORMAL
FORCE
LBS

[=l=ReB=NoloRloRalaollofleofoNoNoNaleNoNollalaollol
= & = 0 = @& = & ® & = B = 8 = 4 = B = & »

DOO0COoOOCODO0OO0COCO0OoO0OODOoOCO0OC OO

534.20

331131

7807.96

12455.00

15729.43

14760,44
0.0

cococo
cCoco

.
-
-

.

0.0
u78.12
©210.59
10373.19
6€31.50

CODOoOCOO0OO0OCOO
LI R B B DL I B
[=HeBeololoRelololeleNale

STULY.
TIRE

60 MPH / 15.0 DEG
INPUT DATA

(RUN NO.

18)

IMPACT CONDITTIONS 60.0 MPH / 15.0 DEG

| FRICTICN
] FGRCE
| LBS

<
.

CoocCcoCcocCc oo CcoooocCcocoocoo
cCocCcocoOoOCcCc o CcoooCc oo Ccoooo

LI R R A T T T D R R B D D R Y

0.0
160.26
993.39

2342,39
3736.50
4718.83
4u28,13
0.0

0.0

cCoococcCcoCcCooC
U I |
oo ocOOoOOOoo

| BARRRIER

| DEFLECTION

| INCHES
0-0

RO R oo OO ') oo
[=H=ReN-NollaNaNJ-loNlollefrJ-Noell-NoN-Noll-RolefelefelalofoRleleNolaflefalofelleNaolloNeleloNollaNele=l]

T = @ & = & & = 8 & =« ¥ F =2 B =« @ N = 0 . = B

POSITION OF APPLIFD LOAD

XR

o
LI D D A I

U B B )
j=ReloBelloRololefefelef=jefelallelol=]le]

CCO00CO00O0O0C00O0O0CO0CO00

0.
71.48
67.75
6L, 47
61.81
59.95
59.46

429420.50
429u20.50
429420.50
429420.50
429420.50
429420.50
-88.87
-79.63
-77.03
-84.49

-uu96uy, uy

-449644. .44
-4496U4, UL
4496044, 44
~4496UL. LY
—4u96UL. LY
-4U96uUL, LY
-u496UL. LY
—~U4964L., 4U
-uL96UL, uL
-4u96UYL. 4L
-449604, UL

COCO0DO0O0OoO0COoO0oO0O0oCcCoD0o00C0o0Oo o

OO0 0COo0oO0o0O0CDO oo oD oD oo oC o

31.50
29.72
28.18
27.08
26.57
27.03
196220.56
196220.56
196220.56
196220.56
196220.56
196220.56
32.07
30.50
29.42
28.21
166697.31
166697,31
166697.31
166697,31
166697.31
166697.31
166697, 31
166697.31
166697.31
166697,.31
166697.31
166697.31

o0 o COCoooOCc oo oo oo oo ocoo
cCoooQooCcoCcoocoCoCooocooo

0.0
-1.8h
-1.92
_2105
-2. Uq
-2.09
-1.82

~12795.98
-12795.98
-12795,98
=12795.98
-12795.98
=12795,98

Lb.37

0.07
-0.51

0.34

-1041.95
-1041,95
-1041.95
-1041.95
-1041.95
-1041.95
-1041.95
-1041.95
-1041.95
-1041,95
-1041.95
-1041.95

PAGE

APRIL

21.01

0¢t
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APPENDIX B

COST-EFFECTIVENESS COMPUTER PROGRAM



- O Www

—

JOE PAGES=400,TIME=40 122

AAAR AR AR R R AR ARk B R R kKRR kR kR Rk d R kR bk Pk Bk Rk kR Rk Rk kbR kK &

CoST—ETFF

=+

E C
C F

R ET ¢c FIT
N E ¥ J E
E D

— o
= (n 3

* %
* -
* %
* %*
% *
* CONCR RETE M *
% ¥
% BY *
& ¥
* DR. EDWARD R. POST, FP.E. i
* (ERINCTIPAL INVESIIGATCR) *
- ANC %*
* MR. PATRKICK A. CHASTATN #
* (RESEABCH ASSISTANT) *
* W
* TASK 1 ... CONLCUCT C/E STIUDY *
* %*
* *
* %
% "
% #
3 *
B *
* *
3 *

DCT-RC-92021
UNL-87-140-222

CIVIL ENGINEERING DEPARTHMENT
UONIVERSITY OF NEERASKA-LINCOLN

S %k oo dp ok ok dkok % ok ok okook b ok o o o ok o ok ode ol b o o ok ook o ok o o ok ok ok ok o ook g ook e ok e ok ok R Rk

sl aNal ool ol el N el el ol ol W oW ol ol ol o o S U SR o N S SN P

DIMENSICN $I(2,3,5,5),BI(2,3,5,5) ,AC(2,3,5,5),IP(2,5,%) ,HI(3,10),
*IC (3, 10),EFFET1(10) ,EFFET2(10) ,BENEF1(10) , EENEF2(10),AKG (5),E(10),
*W(2),S512) ,F(5),ADT (10) ,ROLL(2,3,5,5) ,GLUNG(2,3,5,5) ,6LAT (2,3,5,5),
*GVEXT (2,3,5,5) ,E1(2,10),B2(2,10)

Lo B8

REAL IE,IC,INT

CLTPUT TAELE NUMBER

Con i 1 Xl )

ITABLE = 1

N

bDC 116 LCcP
DO 1WOVE INJ

Inn

win

1,
1,
HIGHWAY CLASSIFICATIGN

IS 1 weeee.RUBAL INTERSTATE
IS Z sse0ess URBAN INTERSTATE

i

AAODCON

DO WG Is = 1,2

IMPACT ANGLES, ANG(K)

aNalslal

5.0
10.0
15.0
20.0
25,0

ALG (1)
ANG (2)
ANG (3)
ANG (4)
ANG (5)

W

C ACUTCHCBILE WEIGHTS, K (I)



12
13

14

15
16
17
18
19
20
2
22
23
24
25
26
27
28
29

30
31
42
33
34

35
36
37
33
39

49

41

42
43

44
45

46

aNalaNals

49

41

42

43

ddg

45

alalalal

10
C
C
C

10

(al allalal

(aNalsNa

ol al

C
80

W (1)

2250
W(2) 4500

AUTCMUBILE SIZE DISTRIBUTICNS, S(I)

I
I

1---...-.-.2'250 LE AUTO
2.... ......‘l.%OO Lb AUTO

GC Tu (40,41,42,43,44), LOCP

S 1. 00
S(z) C.U0
GO T) 4t

5(1)
S(2)
Ge TO 4
5(1)
5(2)

0
G
5
0
0
GC TO 4t
0
C
&
]
1
b

B
2

o

oo

5
5

S(1)
5(2)
GC TO 4
5(1)

I

~ ro
wuen

L]
-
.
-
-
-
-

o C

Q
.c

5(2)

CCNTI NU

AVERAGE DAILY TRAFFIC, ADT (M)

A = 1.0

DC 100 M =

ADI (M) = A

A =4 + 1.
J CCwTINUE

1,10
* 1JC00.0

ENCRCACHMENT FREQUENCY, E (M)

IF (IS5 «.Ey. 1) CONST

IF (IS .Ey. 2) CONST

bo W2 1 = 1,10

E(F) = CONST * ADT (M)
2 CCNTI NUE

0.00030
0.000890

o

TRAFFIC DIRECTICNAL SELIT, D
D =0.5
ITF(ITAELE .GT. 1) GO TC 80

INTESEST RATE, INT
EROJECT LIFE, YR

TNl
Yi

o
o
.
-l
[ =

CAPITAL RKECCVERY FACTCR, CEKF

D1 = (1.0 + INT)**YR
CRE = (INT * D1)/(D1-1)

CCoTINUDE

123



47
48
43

50
51
52
53
54

55
56

57
53
59
60
61
62

€3

64
65
66
67

63
63
70
71
72

73
T4

75
76
717

aNeNalalal

c
C
C

el

aNakaEal

aNoN ol N ol ol ol il oW e

sl aNaNe

IF (IS .EQ. 1) GO TO B85 124

IF (IS .EC. 2) GO TO 86
85 CCNTINUE

LATERAL TXPACT PROEBABILITIES, P(K), AT LATERAL CFFSET DISTANCL
QF 14 FT. CN RURAL INTERSTATE HIGHWAY (FUNCTICN OF ENCROACIHHNENT
ANGLE (K)). WEDIAN WIDTH = 30.0 FT.

P(1) = 0.60

P(2) = 0.82

P(3) = 0.8¢

P[ﬂ} = Q.86

P(5) = 0.93

GG TO &7

Ee CCNTINUE
LATCRAL IMPACT PRUOBABILITIES,P(K), AT LATERAL CFFSET DISTANCE
CF 7 FT. CN UKBAN INTERSTATLE HIGHWAY. MEDIAN WIDTH = 16 FT,

C.81
C.94
0,57
0.7
0.99

EA1)
P (<)
P(3)
P (4)
P (5)

mw n nnnu

87 CCNTI NUE

IF(IS .EQ. 2 .OR. INJ .GE. 2 .OR. LOOF .GT. 1)GO TC 301

READ I4PACT CCNDITION PROBILITIES, IF(K,L), AS FUNCTION
GF IMPACT ANGLE(K) AND SPEED(L)).

DO W4 IT = 1,2

DO 104 K = 1,5

READ(S,500) (IP(IT,K,L),L = 1,5)
CCWTINUE

o

—
o
£

EEAD HVOSH AUTOMOBILE RCLL AND DECELEEATIONS

AUTCMOBILE SIZES

SEVERITY-INDEX ADJUSTHMENT FACTCES
IMPACT ANGLES

IMPACT SPEEDS

=L
o i

b=

g =9

DC 300 I =
DO WO L =

DC 300 K =

READ(5,502) ROLL(1,J,K,L), GLONG(I,J,K,L), GLAT(I,J,&,L),
* GVERT (I,J,K,L)

- -
ok

L
f ~
’

300 CCNTINUE

201 CCNTINGE

CALCULATE SEVERITY-INDICES, SI(I,J,K,IL)
SI(I,1,K,L) SET EQUAL TO 5.00 IF KGLL(I,1,3,K) IS GREATER TI

DO 380 I
DO 330 J
DO 350 K

i n
— -
~ & =

(S IV O



78 DC 3¥Y L= 1,5 125

C
73 GC TO (350,352,354), J
8y 352 60O TO (30G,360,361,3¢2,363), K
31 354 Gu IO (360,3060,371,372,373), K
C —_—
32 360 GVERT(I,J,K,L) = 1.00 * GVERT (I,1,K,L)
83 Gu To 350
B4 361 GC Tu (385,386),I
85 385 GVLRT (I,J,K,L) = 0.95 * GVERT (I,1,K,L)
86 GC 1u 350
87 386 GVERT(I,J,K,L) = 0,97 # GVERT(I,1,K,L)
88 GO T0 3%0
83 362 GC TU (387,388),1
90 387 GVLRT(I,J,K,L) = 0.90 * GVERT(I,1,K,L)
31 GG 10 3%0
92 368 GVERT (I,J,K,L) = 0.92 #* GVERT(I,1,K,L)
93 GO Tu 350
34 363 GO 10 (389,390),I ;
95 389 GVERT (I,J,K,L) = 0,85 * GVERT(I,1,K,L) | ~
96 GU TO 350 —— CASE L
97 390 GVERT (I,J,K,L) = 0.87 * GVERT(I,1,K,L)
98 Gu TO 350
99 371 G0 TO (391,392),1
100 391 GVERT (I,J,K,L) = 0.90 * GVERT(I,1,K,L)
101 Gt TO 350
102 392 GVERT(I,J,K,L) = 0.92 * GVERT(I,1,K,L)
103 GC 10 350
104 372 GO TO (393,334),I
105 393 GVLRT(1,J,K,L) = 0.B0 * GVERT(I,1,K,L)
106 GO T0 350
107 394 GveRT (ILJ,K,L) = 0,82 ® GVERT(I,1,K,L)
108 GO 10 350
109 373 GC T (395,39¢),1
110 395 GVERT(I,J,K,L) = 0.70 * GVERT(I,1,K,L)
111 Gu To 350
112 396 GVERT (1,J,K,L) = 0.72 * GVLET(I,1,K,L) -
113 350 COWTINUE
114 Gl = (GLONG(I,1,K,L)/7.0)**2
115 G2 = ( GLAT(I,1,K,L)/5.0)%%2
1o G3 = (GVERT(1,J,K,L)/6,0) **2
C
117 SI(I,Jd,K,L) = (G1 + G2 + G3)*%x0.5
C
118 I¥ (ABS (ROLL(I,1,K,L)).LT.90.0) GO TO 37%
119 IF(J .EQ. 2 .OR. J .Eyu., 3) GO TO 375
120 SI(I,Jd,K,L) = 5400
121 375 CCMNTINUE
122 380 CCNTLNUE
C

C WRITE IMPACT CCNDITICKN ERCBAGSILITIES, IB(K,L)
C

123 IF(IS .EQ. 2 .0OR. INJ .GE. 2 .0OR. LOCP .GT. 1) GG TO 51
124 DG 50 IK = 1,2
C
125 WRITE (€,5%8) ITABLE
126 IF(IK .EQ. 1) WRITE(6,599)
127 IT(IK .EQ. 2) WRITE(€,600)
128 WRITE(E£,601)
C

129 L =1



130
131

132

133
134
135

136

137
138
133
140
141
142
143
144
145
146
147
148
149
150

151
152
153
154

155
150
157
154
159
160
161
102
163

164
165

166
167
168

2

104

50
51

Wil

™

2l e

114

11¢
118

B
126

110
109
o
C IWd
C

124
122

&

¢ InJd

(o

8C0

FoC
IKNJ
FaTl

ULFE

nfON~NCAAAC

DG 108 K = 1,5 12

WR1TZ (6,602) ANG(K), LP(IK,K,L), IB(IK,K,L+1), IP?(IK,«,L L§,
IP(IK,K,L+3), IP(IK,K,L+u4)

CCNTINUE

T1i0Le = ITALLE + 1
CCLTIMODE
CCHhIINUE

T SeVERITY-INDICES, SI(I,.J,K,L)

IF(I5 -EQe 2 .OR. INJ .GE. 2 .UR. 1OCP .GT. 1) GO TO 1029

DU M0 I = 1,2
Lo 110 J = 1,3
“kITE (€,604) TTABLE
Gu TO (112, 114, 116), J
WRITL (€,60€)
GC TO 118
WRITL (€,608)
GL TO 118
WRITE (€,€10)
CCHNTINGE
WEITE (€,612) W (I)
L = 1
DC 120 K = 1,5
HRITE (6,614) ANG(K), SI(I,J,K,L), SI(I,J,h,L+1), SI(I,J,K,L+
$I(I,Jd,K,L+3), SI(I,J,K,L+4)
CCHTINGE
IT&BLE = ITABLE + 1
CNTINCE
CCNTINUE

URY PECEASILITIES, PI(I,J,k,L)
DC 122 I = 1,2
DO 122 J = 1,3
oCc 122 K = 1,5
pU 122 L. = 1,5

PI(I,J,K, L) = 0.40 * SI(I,J,K,L)
1F(PI(1,J,K,L) -LT. 1.00) GO TO 124
PI(I,J,K,L) = 1.00

CCNTINUE

COCNTINUE

URY ACCIDENT CoOSrs, AC(I,d,K,L)

GO TO (£00,801,802), INJ
CCHNTINUE

N5C ACCIDENT COSTS (PRCVIDED BY MR. JIM BUCS, rFHWA PROJECT MAXA

=% 850/ACCIDENT
UhY = 3 5,800/ACCIDENT
AL = $ 150,000/ACCIDENT
LR LIMIT = $ 14,5C0/ACCIDENT
1 = 5273.0
Cd = 0.0
3 = 0.0



164 L4 = 1450u.0
179 N1 = 450 127
171 NZ = E3uv
172 N3 = 130000
173 Hu = 14500
174 GL Tu EUd
C
175 591 LOKTINUE
L
¢ T1TI ACCIDEMN (CSTIS
C
{ EObLC = % TOU/ACLIDLRKT
C InJURY = 5 1u,LUS/ACCIDENT
C cALlal = $200,000/ACCIDENT
C UIFER LIMIT = % 21,400/ACCIDLNT
17¢ 1 = T7782.0
]77 Le = U-O
174 €3 = 0.0
174 Cs =  21400.0
134 Nl = 760
181 N2 = 100u0
182 N3 = 2C00J0
133 N4 = 21400
C
134 GO TO &0u
185 802 CCKTINUE
C
C NUL ALCIDENT C(GSTS
C
[ EUC = $ FJ00/ACCIDENT
C INJURY = 3% 4,900/ACCIDENT
C FalAl = $336,000/ACCIDENT
< UbbER LIMIT = & 24,770/ACCIDENT
L
13< 1 = 3¢ 07.0
187 €2 = Ca0
163 C3 = 0.0
133 Cu = 24770.0
190 N1 = 300
131 he = 43uy
132 N3 = 33e000
193 N4 = 24770
C
134 olC4 CCNTINCUE
C
195 CO 806 1 = 1,2
136 DC BOE6 J = 1,3
137 LC 8 K = 1,5
1393 CC B36 T = 1,;5
E
193 AC(I,J,K,1) = C1*%¥SI(I,Jd,K,L) + C2#*SI(I,J,K,L)**2 +
* C3%5I(I,d,K,L)*%*3
2430 GC TO (&10,807,804), INJ
2J1 g1 1F (AC(I,J,K,L) .LlE. 14500.0) GO TC BOQ?Y
202 AC(I,Jd,K,L) = 14500.0
293 GC TO £072
paVE 607 TECBC L sty Rl «lbe 21400.0) GO 1C BUY
205 AC(I,d,K,L) = 21400.0
29¢ GC TO e0Q9

207 $08 IF(AC(1,J,k,L) .LE. 24770.0) GO TC &Q“



208 AC(L,Jd,K,L) = 2u4770.0

209 809 CCNTIMNOE 128
210 806 CCMTINUE
c
C
C EFFECTIVEMESS CALCULATICNS (REDJCTION IN
C HAZARD-INDICES DUE TO RETRGFITTING)
C AND
C BENEFIT CALCULATICNS (REDUCTICN IN
C L0513 L[UE TC RETROFITTING
C
211 WRITE (€,615) ITABLE
212 WEITE (6,633)
213 WRITE (€,531) N1,N2,N3,N4,S(1),5(2)
214 TF(IS -EQ. 1) WRITE(6,616)
215 IF(IS .Eyu. 2) WRITE(6,617)
216 WRITE (6,6 18)
217 ITASLE = ITABLE + 1
C
213 DC 2006 J = 1,3
C
219 ESGM2 = 0.0
220 BSUN2 = 0.0
C
221 DC 204 I = 1,2
222 DG 206 K = 1,5
C
223 ESUMY = 0.0
224 BSUMT = 0.0
C
225 DC 208 L = 1,5
C
226 ESUM] = ESUM1 + ID(IS,K,L) * PI(I,J,K,L)
227 5SyM1 = BSUM1 + IP(IS,K,L) * AC(I,J,K,L)
228 208 CONTINCE
229 ESUM2 = ESUM2 + ESUM1 * S(I) * P(K)
230 ESULM2 = BSUMZ + BSUM1 * S(I) * P(K)
231 206 CONTINUE
232 204 CCMTIMBUE
C
233 D0 21C M = 1,10
C
234 HI(J, %) = E(N) * L * ESUM2
235 IC(J,M) = E(M) * DO * BSUM2
236 210 CCHTINCE
237 200 CCMTIMCE
¢
238 DC 212 K = 1,10
¢
239 EFFET1(F) = HI(1,M) - HI(2,H)
240 EFFET2(M) = HI(1,M) - BI(3,H)
C
241 BELEF1(M) = IC(1,M) - 1C(2,%)
242 BENEF2 (M) = IC(1,M) - IC(3,M)
243 212 CCHTINLE
¢
2644 DO 250 ¥ = 1,10
245 E1(IS,H) = (BENEF1(M))/(5280.0 * CRF)
246 52(T5,%) = (BENEF2(M))/(5280.0 * CRKF)
C

247 WKITE (¢,619) ADT(¥), EFFET1(¥), BENEF1(¥), EFFET2(N), BEMFE.



243

243

250
251
252
253
254
255
250
257

258
259

260

261
262

263

204
265

266

270
271

272

273

250 CONTINCUE
C
1CU0 CCONTINUE

C
C
C WRITX COST LINITS TO RETRCFIT
C
C
WRITLE (€,030) ITABLE
WEITE (6,633)
WEITZ (6,631) N1,N2,N3,N4,5(1),S(2)
WRITZ (6,032)
IT4LLE = ITABLE + 1
g
DL 82 ¥ = 1,10
WEKITE (€,535) ADT (M) ,B1(1,M),1(2,%) ,E2(1,01) ,B2(2,%)
32  CONTINUE
C

1CC3 C&;n‘TI ) UE
1010 CCWTINUE

C
WilIl (€,€20)
C
C *vkxk END OF TASK 1 PROGIAM *#xx%
C
¢ FURMAT STATZMENIS
f

S5C0 FORMAT (2 F10.3)
E

502 FOBMAT (4 F10.2)
C

® CCNDITTICN FPkKOBAETILTITTIES!'//

C

S$¢9 FC(LMAT(I37,'RURAL INTEESTATE HIGHWAY',///)
C

600 FCLMAT(T37,'URLAN INTERSTATE UIGHWAY',///)
€

601 FLLMAT(125,'IMPACT',TU41,'I M P A CT ST EE
*/,125, "ANGLE® ,T47," (MPH)',/,T25,' (DEG) ' ,T35,'30
*,162, '€0',T71,'70',//)

D';
!

129

r! .-\n

602. PORMAT (T25,F4<1:T33,F523,T42,F5: 3,T51;5.3,;,160,F5:3;T59,F5% 3)

60s FGIMAT (10H1,////,T156,"' TABLE =',12,//,T25, ' CCST-EFFECTIVENESS
*1ECFITTING NEW JEKSEY CCNCHRETE MELIAN tARFIER',//,T45,'5 & V

* 7Y -INDTICES",//)
€0 FCEMAT (Tu48,'ADJUSTMENT FACTUK: NCNE',//)
603 FCHUAT (T45,'ADJUSTMENT FACTOK: LCWER LINII',//)

€10 FOndAT (T45,"ADJUSTMENT FACTOR: UEEER LIMIT',//)

bt O

593 FCORMAT (V1H1,////.T45,"TABLE =" ,I2,//,T14; "COST-EFFECTIVENESS CF
*TLCFITTING NEW JERSEY CCNCRETF MELIAN LARY IEE',//,T20,'TI L :

1)
-

i

"

STUL, 10 ,T53, 50

€12 FCEMAT (T47,'AUTOMOBILE SIZE = ',1¢5,1t.1,172,'LBs",//,137,"' INDALT

¥, T52,"T M B A CT S PEE D",/ /,T37,'ANGIE!,T58, " (MPH) ', /,T37,

*' (LEG) ',T47,'30",T55,'40',163,'50',T71,'+0"',T79,'70", /)

614 FOUEMAT (138,F4.1,TU6,FU.2,TC4,F8.2,TH2,ru.2,T70,F4.2,T75,:

4

l:‘)



2775

276

2577
278
279
280

281

283

284
285
286

615

€33

618

635

FORMAT (141,//////,157,'TABLE =',12,//,
* 127, 'NEw JERsEY cHB reTrbId T p
*CRUANCE LEVELS BASED GM HVOSM SIMULATICKS',//)

FCRMAT (T39,'2 SIZE AUTCMGBILLS',

*763,'2,250 AND 4,500 LBS',/,T39,'S IMPACT SPELDS',T€3,'30, 49, 59,
* 60 ANC 70 MPH',/,T39,'S5S INPACT ANGLES',T¢3,'S5, 10, 15, 20 AKLD 2%
*DLG', //)

FODMAT (126, 'ADT',T40,' VERTICAL AUTCMOLILE ACCELERATIUN ADJUST
*FACTURS (RF)',//,T24,'TRAFFIC',T36,'L C ¥ F P!, TS4,'L I ¥ I T',
* T77,'U P P E R',T92,'L 1 N 1 T‘.//-TEH,'VULJNE ' ,T3c, ' HA%ALD
*-IhOEX',T52, ' ACCIDENT COST',T74,"'HAZARD-INDEX',T30,'ACCIDLNT CUST'
*,/,136, '"RECUCTICN',TS4, ' REDUCTION',T7¢, 'RLT UCTTOH! ,T92, "KEDGCTICH
*,/,T25,"(VED)",T37," (INJ/MI-YL)",TC4, ' ($/8T=YR) ' ,T75," (INJ/. . I-YF) "
*,192, ' ($/MI-YE) " ,///)

FORHAT (I51,'RURAL INTLRSTAL1E HIGHWAY',//)
FUEMAT(I51,'URBAN INTERSTATE HIGHWAY',//)

FOKMAT (T24,F7.0,T36,F10.6,T51,F11.2,T74,F10.6,T85,F11.2)
FORMAT (1H1)

FORMAT(WH,// 17/ ¢ 257, "TABLE =",12,//,131,
¥1C0ST LIMITS TC RETROLR IT NEW JERSEY CONCEEFLE MEDIAN BARRILR',
/1L

FCRMAT (T50,'PDO',T58,'= $',T64,I3,T68,"'/ACCIDENRT!,/, TR0,
*' [NJURY',TS58,'= $',T62,15,Te¢8,"' /ACCIDENT',/,T50, 'FATAL',
#1558,'= $',T761,16,168,'/ACCIDENT',/,TUu,'UPPER LINIT',T58%,
#'= 3§ ,T61,16,T68,"'/ACCIDENT',///, 146,
$12,250 LB AUTO DISTRILUTION =1 ,T7¢,FU4.2,/,TU¢,

#'4,500 LB AUTU DISTRIBUTICN =',T76,F4.2,//)

FORMAT (T22,'ADT',T33,'L O W E R caegs 7T L E . Mn I TY,
*T71,'0 E B E R cecos T LiIMIT1T,/,720,

*VTRAL FIC' ,T45,"' (3/FT) " ,T8B3,"' ($/FT) ',/ ,T20,'VOLUNES',T3R,

*' RLRAL' ,153,"URBAN",T76,"RURAL" ,T91, " UFRBAN',/,T21, 'VPD"* ,T37,
*'HIGHWAY',T52, 'HIGHWAY ' ,T75,'HIGHWAY ' ,T40, 'HIGHNAY',///)

FCRMAT (120,F7.0,T35,F8.2,TI50,F8.2,T73,Fb..,T83,F8.2)
STCP

ENL

$ENTRY
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APPENDIX C

REVISED WORK PLAN
TO CONDUCT
FULL-SCALE VEHICLE CRASH TESTS

DOT-RC-9201
May 19, 1980
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UDR]E Department of

Civil Engineering
The University of Nebraska-Lincoln Lincoln, Nebraska 68588

May 19, 1980

Mr. Ted Higgs

Department of Transportation, RSPA
Procurement Branch, DPA-14

400 Seventh Street, S.W.
Washington, D.C. 20590

Re: DOT Contract RC-92021
Dear Mr. Higgs:

This letter is a request to redefine the scope of several of the work
tasks in the research contract DOT-RC-92021, entitled "Cost-Effectiveness
of Retrofitting Concrete Median Barriers". Mr. Michael Freitas, HRS-43,
who is the project's second Contracting Officer's Technical Representative
(COTR), is in agreement with this request.

Copies of the revised work plan are enclosed for your review and dis-
tribution to the COTR. The revised budget sheet is shown in Table 1A. The
revised work plan will require no additional funding from DOT, but it will
require an increase in the Universities cost sharing funds from $13,500 to
$17,828. The revised budget sheet in Table 1A is in a format agreed upon
in a telephone conversation (May 15, 1980) between yourself and Mr. Carl
Mueller, who is the University's Fiscal Manager of Grants and Contracts.

There are three reasons for requesting a revision of the work plan.
These reasons are as follows:

1. A new and second COTR, Mr. Michael Freitas, HRS-43, was assigned
to the project. This change in COTR's delayed the review of the
Task 1 Report by about two months.

2. Tasks 2, 3 and 4 in the original work plan were dependent upon
the FHWA providing a computer model named GUARD for simulating
the impact between a vehicle and the retrofitted concrete median
barrier. Dr. Morton Oskard, HRS-12, of the FHWA made the decision
that no attempt should be made to use the GUARD program because
of the technical difficulties being encountered with the program
on other research contracts.

The University of Nebraska-Lincoln The University of Nebraska at Omaha The University of Nebraska Medical Center
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Mr. Higgs
May 19, 1980
page 2

3. The scope of Task 1 was expanded by the second COTR in requiring
a more indepth analysis of accident data involving rollovers on
the concrete median barriers. It is the opinion of the contractor
that the additional work was well justified because it provided
a better understanding of the rollover problem and traffic conditions
in which the retrofit unit would be potentially cost-effective.

Task 1 on the cost-effectiveness of retrofitting concrete median barriers
has been completed to the satisfaction of the COTR, Mr. Michael Freitas. Be-
cause of the uncertain operational status of the FHWA's GUARD program, it is
requested that (1) Tasks 2, 3 and 4 be deleted, and (2) the project proceed
into the full-scale vehicle crash testing phase in Task 6. The original
work plan required that two full-scale crash tests be conducted. In lieu
of the simulation work that would have been done in Tasks 2, 3 and 4, the
contractor and the COTR are in agreement that two additional fuli-scale
crash tests should be conducted in order to determine the feasibility and
effectiveness of retrofitting concrete median barriers. Conducting two
additional full-scale crash tests will require that the completion date of
the project be extended two months from August 31 to October 31, 1980 (see
Table 1B in revised work plan).

Mr. Michael Freitas, HRS-43, has reached the decision that the project
should be turned over to an engineer in FHWA's Protective Systems Group,
Structures and Applied Mechanics Division for conducting the full-scale
crash tests in Task 6. Dr. Morton S. Oskard, HRS-12, has agreed to serve,
if approved, as the new and third COTR.

Conducting full-scale crash tests requires much lead time in planning
and preparing the test site and vehicles. Therefore, your consideration of
this request to modify the work plan at your earliest convenience will be
greatly appreciated. Thank you.

Respectfully,

.;_"{:iZ{U'ﬂ/L- 4 A //"Zﬁ’é -
Dr. Edward R. Post, P.E.
Associate Professor of Civil Engineering

AAscns -
Dr. Francis Schmehl
Research Administrator

Enclosures (3)

cc: Dr. E. N. Wilson, P.E. (C.E. Chairman)
Dean D. M. Edwards, P.E. (Dir. of Engr. Res. Center)
Mr. Michael Freitas, HRS-43
Dr. Morton Oskard, HRS-12

mlw



NEW BUDGET®:

Table 1A

COST-EFFECTIVENESS OF

RETROFITTING CONCRETE MEDIAN BARRIERS

(DOT-RC-92021)

134

Original Estimated New !
ITEM Budget Working Budget |
Balance (Tasks 6&7) |
($) | ($) i ($)
| |
Personnel ;
E. R. Post I 16,400 5,778 2,889
P. T. McCoy & 7,200 5,778 [ 0
Graduate Assistants 8,500 0 | 0
| Undergraduates 4,000 0 { 1,500
Draftsman/Clerical 1,200 1,200 | 0
Staff Benefits 3,348 ! 795 | 390
Operating 1,800 E 800 % 800
| Full-Scale Crash Tests | 11,000 | 11,000 ! 24,662
| Travel ! 1,000 i 1,000 1,000
| Indirect Costs 22,000 | 7480 | 2,59
| Total (DOT) | 76,455 33,831 i 33,831
e : 1
| UNL Cost Share | i
| Computer ; 13,500 | 13,500 | 0
Personne] ! | |
. E. R. Post? 0o 0 | 4,938 |
. P. T. McCoy® 0o 0 4,938
T, J. Wipf® ! 0 | 0 2,875
| R. W. Bolton? j o 0 2,684
| P. Chastain® | 0 0 1193
Clerical® 0 I 0 E 1,200 ‘
Total (UNL) 13,500 g 13,500 _l 17,828 j

Includes Indirect Costs Only

€ New Budget (5-19-80)

Includes Fringe Benefits and Indirect Costs
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FEASIBILITY STUDY
of

RETROFITTING CONCRETE MEDIAN BARRIERS

DOT-RC-92021

REVISED WORK PLAN
May 19, 1980

Principal Investigator

Dr. Edward Robert Post, P.E.
Associate Professor of Civil Engineering
226 Bancroft Hall
Civil Engineering Department
University of Nebraska-Lincoln
Lincoln, Nebraska 68588




136

WORK SCHEDULES

The revised work task schedule and personnel assignment schedule are shown
in Tables 1B and 1C. The changes made are shown in a hand written format
on the original schedules. A brief description of the revised schedules

follows.

WORK TASKS

TASK 1. CONDUCT COST-EFFECTIVENESS STUDY
As of May 1, 1980, Task 1 was completed to the satisfaction of the
project's second COTR*, Mr. Michael Freitas, HRS-43. Additionai time
was required to complete Task 1 because of (1) a change in contract
managers in about December of 1979 which delayed the review of the
Task 1 report by about two months, and (2) the new COTR increased the
scope of the project by requiring a more indepth analysis of accident
information related to vehicle rollovers on the CMB. However, it is
the opinion of the contractor that the additional work was well
justified because it provided a better understanding of the rollover
problem and traffic conditions in which the retrofit unit would be

potentially cost-effective.

TASK 2. OBTAIN AND INSTALL GUARD PROGRAM ON UNL COMPUTER SYSTEM
This task and the two following tasks (Tasks 3 and 4) are to be deleted.

These tasks were designed to determine the feasibility of the concrete

* COTR - Contracting Officer's Technical Representative



Table 1 B

~ b
WORK SCHEDULE 2 (42 v/o£L)
—a——————- 10979 - — - ——— e — i980 ——m————— -
LTEM/TASK s 0o N DJ|J F M A M J J A s 0
ITEMS

I1. Progress Reports

I2. Work Plan

I13. Directory of Potential Users

I4. Work Task 1

I5. Interim Report

16. Draft Final Report

I7. Final Oral Briefing

I8. Final Report
TASKS
© T1. Conduct C/E Study

JZ 0B%afn apd Inégall GUARD

‘‘‘‘‘

Y& Des. Aty Retrgfit Units

T5. Interim Report (ToskZ onjy)
T6. Full-Scale Tests (4)

| T7. Final Report(7osks 1. 5¢6 )
a.

Due to late processing of the contract, the deadlines for the contract Items and Tasks have
been changed to the new dates shown in attached letter of September 11, 1979.
© Reyised Work Flay (Revision No.1, Mayl2.1980)

LET



Table 2 /L

PERSONNEL ASSIGNMENTS 2.
(man-months)

Professionals l Graduateg A=sisfanis

TASKS E.R. PaT, T.d. R.W. Under- Sub-
Post McCoy | Wipf Bolton Graduates Staff Totals
3.0 2.5 2.0 0.7 2.5 2.8 =5

1 J & 1 6 0.5 0.5 V.7 0.5 6.1
4 048 0.0 | 0.8 9.8 10 00 | 3.1
. o5 0,0 10 o 1,9 o0 | 38
4 % 74 04 97 §Z L7
2.7 O. 2.4

5 0.5 p’.,f 0.1 0.1 0.0 0.5 Y7
2.5 2.7 2.2 5.3 2.9

6 1.0 0.2 0.5 0.5 1.1 0.2 3.5
2.5 o. f 2.2 2.9

7 1.0 0.5 0,1 0y .0 0.5 2.2
Sub- 4. 57 P A7 8.5 F.0 257
Totals 5,3 3.0 ps———— 6,5 5.0 2.0 218

7. Fevision No 2 (5-9-20)
b. Tpcludes LNL (st Shariss a Time

8¢T
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median barrier retrofit unit concept by mathematical model simulations
using the GUARD program developed by FHWA. The decision was made by
the contractor and the COTR to delete these tasks because of the un-
certain operational status of the GUARD program. The FHWA has been
encountering technical problems in attempting to use the GUARD program

on other contracts.

TASK 3. SIMULATE GUARD PROGRAM

This task is to be deleted for reasons discussed in Task 2.

TASK 4. DESIGN ALTERNATIVE RETROFIT UNIT

This task is to be deleted for reasons discussed in Task 2.

TASK 5. INTERIM REPORT
The cost-effectiveness study in Task 1 has been completed to the
satisfaction of the COTR, Mr. Michael Freitas, HRS-43. Three reports
of Task 1 have been presented to the COTR. The second and third
reports were prepared in response to constructive criticism made by
the COTR. A single consolidated interim report of the findings, con-

clusions, and recommendations of Task 1 will be submitted by May 30, 1980

The COTR has stated verbally by telephone that he will sign the interim
report as having been completed satisfactorily and will recommend that
(a) Tasks 2, 3 and 4 be deleted because of the uncertain operational
status of the FHWA computer simulation model, GUARD, (b) the study
continue into the full-scale vehicle crash testing phase in Task 6,

and (c) the remainder of the project be monitored by a new COTR in the
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FHWA Protective Systems Group, Structures and Applied Mechanics
Division. The following professional engineer has agreed, if appointed,
to serve as the new and third project COTR.

Dr. Morton S. Oskard, HRS-12

Federal Highway Administration

U.S. Department of Transportation

400 Seventh Street, S.W.
Washington, D.C. 20590

6. CONDUCT FULL-SCALE TESTS

The original work plan dated October 3, 1980 required that two full-
scale vehicle crash tests were to be conducted. Because the computer
model simulation studies in Tasks 2, 3 and 4 were deleted, the contractor
and the COTR, Dr. Morton Oskard, have made the decision to conduct two
additional full-scale tests in lieu of the deleted tasks. It was de-
cided that four tests, without the aid of the computer simulation
results, was a minimum number of tests required to determine the effec-

tiveness and feasibility of the CMB retrofit unit concept.

Wherever possible, the full-scale tests will be conducted in accordance
with the guidelines presented in TRB Circular 191, entitled "Recommended
Procedures for Vehicle Crash Testing of Highway Appurtenances". Devi-
ations from TRB Circular 191 will be noted in the outline of the subtasks

to follow.

Subtask 6.1. Construct New Jersey CMB
The CMB will be about 80 ft. in length and it will consist of pin-
connected 10 ft. precast units. The CMB will be fixed at its base

against rotations and horizontal displacements under impact. Heavy
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steel reinforcement will be used to minimize structural impact
damage. Steel female bolt connection inserts will be cast in the

CMB for anchoring the retrofit unit to the CMB.

Subtask 6.2. Vehicle Impact Test Conditions
The accident record reports in California for the years of 1978
and 1979, in which CMB rollovers occurred, will be reviewed by
hand to define and select four test vehicles. An attempt will
also be made to determine the impact speed-angle combinations in

which rollovers occurred.

In the absence of reliable rollover speed-angle accident data, it
is predicted from the findings in Task 1 that a minimum speed of
60 mph and a minimum angle of 15 deg. will provide a good measure
of the effectiveness of the CMB retrofit unit concept in eliminating

rollovers.

Subtask 6.3. Design and Construct CMB Retrofit Unit
No computer simulation model will be available to help design the
shape of the retrofit unit because Tasks 2, 3, and 4 were deleted.
Therefore, engineering judgment will be used to accomplish this
task. Insight into the shape of the retrofit unit will be obtained
by using prototype plywood mockups of retrofitted CMB's placed

alongside automobiles of different sizes.

Subtask 6.4. Data Acquisition Methods

Vehicle Accelerations. A triaxial accelerometer unit will be used
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to measure the lateral, longitudinal, and vertical vehicle

accelerations.

Occupant Responses. An onthropometric dummy in the driver's

position will be used "on the condition" that the FHWA will
furnish the dummy and the high-speed camera to be mounted in the
rear of the test vehicle. The FHWA shall make the decision on
whether the side door window shall be open or closed since no

guidelines have yet been defined in TRB Circular 191.

The use of anthropometric dummies is considered optional for the
evaluation of highway appurtences. However, in this study a
dummy would be beneficial and would provide an indication of

the degree-of-hazardousness associated with the retrofit unit,
in that, the height of the retrofit unit will be at about the

same height as the driver's head.

High-Speed Cameras. Three high-speed cameras operating at a

minimum speed of 500 fps will be used in this study. One camera
will be positioned perpendicular to the CMB; and the other two
cameras mounted side by side will be positioned nearly parallel

to the CMB on the downstream side of the impact location.

TASK 7. FINAL REPORT
The final report of the findings, conclusions, and recommendations of
Tasks 1 and 6 will be submitted by October 31, 1980. The report section

on Task 6 will be prepared in accordance with the guidelines of TRB
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Circular 191. The report will contain no material on Tasks 2, 3 and 4

because these tasks have been deleted from this study.





