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FOREWORD

The 1nformation contéined herein was devé]oped on Research Study
2-5-69-140 entitled "Evaluation of the Roadside Envﬁfonmeﬁt by Dynamic
Analysis of the Interaction Between the VehicTe, Passenger, and Roadwayf"
It is a cooperative research study sponsored jointly by the Texas
- Highway Department and the U.S. Department of Transportation, Federal
Highway Administration. '

The basic objective of the sthy is to develop criteria to.aid in.
the design of a safe highway. This is befng~accomp]ished through the
application of mathematical simulation. techniques and crash tests to
determine the dynamic behavior of automobiles and their occupants when
in collision with roadside objects or when traversing highwa& geometric
features such as ditches, sloping culvert grates, etc. The study began
in September, 1968.

Several signifjcant findings have resulted form ihe study and these
are documented in the following reports:

1. "Documentation of Input for Single Vehicle Accident Computer.

Program", Young, R.D., et.al., TTI Research Report 140-1,
July 1969.

2. "A Three-Dimensional Mathematical Model of an Automobile
Passenger", Young, R.D., TTI Research Report 140-2, August
1970.

3. "Criteria for the Design of Safe Sloping Culvert Grates",
Ross, H. E., Jr., and Post, E. R., TTI Research Report 140-3,
August 1971. : '

4. "Criteria for Guérdrai] Need and Location on Embankments",

Ross, H. E., Jr., and Post, E. R., TTI Research Report 140-4,
April 1972. _ '



"Simulation of Vehicle Impact with the Texas Concrete Median
Barrier", Young, R.D., et. al., TTI Research Report 140-5,
June 1972.

“Dynamic Behavior of a Vehicle Traversing Selected Curbs and
Medians", Ross, H.E., Jr., and Post, E.R., TTI Research
Report 140-6, December 1974.

nComparison of Full-Scale Embankment TeSts with Computer

Simulations", Ross, H.E., Jr., and Post, E.R., TTI Research
Report 140-7, December 1972.
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SUMMARY

This study involved the determination of the impact performance of
the Texas Metal Beam Guard Fence median barrier (MBGF) and a comparison
of its performance with that of the Texas Concerete Median Barrier (CMB).
The MBGF consists of two standard W-shaped guardrails mounted back-to-back
on a 6 WF 8.5 support post whereas the CMB is a solid concrete barrier.

The impact performance of the MBGF was determined from a combination
of crash tests and from crash simulations by the Highway-Vehicle-Object-
Simulation-Model (HVOSM). Full-size automobiles (approximately 4,000 1b)
were used in both the crash tests and the crash simulations. A close
comparison of test and simulated results verified the accuracy of the HVOSM
in simulating impacts with the MBGF. The impact performance of the CMB
was obtained from another study.

Inspections of 135‘med1an'barrier impacts on various urban freeways
in Texas were made to determine the distribution of impact angles. These
field measurements, supplemented by data from the HVOSM, provided impact
angle probabilities as a function of median widths.

The final product of this study was a selection criterion which
provides an objective means of combaring the impact severity of the MBGF
and the CMB as a function of the median's dimensions. The criterion is

based on a design speed of 60 mph, and impacts with a full-size automobile.



IMPLEMENTATION STATEMENT

The results of this study have been used by the Texas Highway
Department to establish a policy on the selection of median barriers.
This policy will appear in the next publication of the Highway Design
Division Operations and Procedures Manual.

The following excerpt, taken from Section 4-302, page 4-93 and
4—94‘of'the Manual, pertains to median barrier warrants.

"Medians for urban freeway sections generally are
non-depressed and relatively narrow. For new con-
struction, an urban freeway usually includes a 24
foot flush median (see Section 4-301.8 (g)) with
either slope faced concrete or double steel beam
median barrier. In determining the type of barrier
to be used for any project, the primary consideration
is safety, both for vehicular impacts and during

any subsequent maintenance activities. In this
regard, extensive live and simulated crash testing

of the two most prominently used median barriers

have been conducted, and measurements were made at
-accident sites to establish frequencies of various
angles of encroachment. Analysis of this information
indicates that accident severity levels probably will
not result in serious injury for unrestrained
occupants for the following conditions:

a. For concrete barriers, when installed
in median widths of 24 feet (i.e.,
lateral distance from travel lane edge
to centerline of barrier of 12 feet)
or less.

b. For double steel beam barriers, when
installed in median widths of 30 feet
(i.e., lateral distance from travel
lane edge to centerline of barrier
of 15 feet) or less.

Field experience with concrete median barriers indicates
that, unlike the double steel beam system, maintenance
operations are not normally required following accidental
vehicular encroachment. Accordingly, on new urban freeway
sections with narrow medians (18 feet or less), a flexible
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median barrier system should not normally be used,
since resulting maintenance activities would (a)

create unduly hazardous exposure of maintenance crews
to high speed and volume traffic, (b) usually
necessitate blocking a travel lane thereby significantly
disrupting traffic, causing delay, congestion, and a
hazardous driving environment, and (c) result in high
costs. Therefore, for projects involying new construc-
tion or complete reconstruction of a highway section,
the determination of median barrier type should be in
accordance with the guidelines shown in Figure 4-91A.

Figure 4-91A

Median Width - Barrier Type

Up to 18 feet Concrete

18 to 24 feet Concrete or double
' steel beam

24 to 30 feet - Double steel beam

Where there is a frequent presence of fixed objects such

as continuous illumination systems in 18 to 24 foot medians
the concrete barrier system offers advantages over double
steel beam and should be used. Where the double steel

beam barrier system is used, consideration should be

given to special design treatments to increase barrier
stiffness at fixed object Tocations. Special circum-
stances, such as the presence of blowing sand, may dictate
deviation from the guidelines shown in Figure 4-91A ..."
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I. INTRODUCTION

To prevent median crossover accidents, the Texas Highway Department
(THD) uses, in most cases, one of two basic median barriers. These are
the concrete median barrier (CMB) and the metal beam guardfence (MBGF).
The CMB is for all practical.purposes a "rigid" unyielding barrier, while
the MBGF is considered to be a "flexible" barrier, one that deforms upon
impact.

Several studies have been conducted to determine the impact perfor-
mance of the CMB (1, 2, 3, 4, 5). It has been shown that for small

“impact angles the CMB can safely redirect an encroaching vehicle. How-
ever, these studies also showed that as the impact angle increases the
impact severity increases considerably.

With regard to the MBGF, only a very limited amount of impacf
performance data existed prior to this study. - One of the objectives of
this study was therefore to determine its impact performance so that
objective comparisons could be made between the CMB and the MBGF. Crash
tests and the Texas Transportation Institute's version of the HVOSM*
computer program were used to accomplish this objective. Before app]yihg
the HVOSM, however, an extensive validation study was performed. Crash
test data were compared with the HVOSM predictions. Some modifications”
were made to the HVOSM in order to achieve an acceptab]e comparison.

This study also investigated the relationship between median width

and the probable angle of impact into a median barrier for errant vehicles.

*  HVOSM -- Highway-Vehicle-Object-Simulation-Model. Program was
developed at CALSPAN Corporation, Buffalo, New York, for the
FHWA.



This relationship was needed to develop a selection criterion for the
two barrier systems. It has been postulated that the CMB is best for
"nerrow" medians where htghdimpact angles'are improbable and that the
MBGF should be used for "wide"'medians. However, objective criteria to
quantify What IIAn-ai'rr*ow" and "wide" means‘hed to be developed. To accom-
plish this task;fe combination of field meésdrehents and HVOSM computer
simulations was uSed. THD pehsonnel conducted the field measurements.
Median barriers on selected urban freeways were inspected for impact
damage where 1mpacts had occurred measurements of the angle of impact,
med1an w1dth, etc., were made These data were then stat1st1ca11y analyzed
to determ1ne 1mpact angle probab111t1es The HVOSM was used to supple-
ment the f1e1d data by defining "upper 11mits" oh impact ahgles'as a
function of median widths. | ' |

The'ehd result of this study was an objective criterion which can
be used in the med1an barr1er se]ect1on process. The criterion, whteh is
in the form of a graph, shows the relat1onsh1p between 1mpact sever1ty and
med1an w1dth, on a probab111ty basis, for the CMB and the MBGF barriers.
Other factors, sJCh as instal]atibn end maintenance costs, must of course
be cons1dered in the se]ect1on process. However, an evaluation of these

factors was not w1th1n the scope of this study.



II. CRASH TESTS OF MBGF

Prior to the tests conducted in this study, only one full-scale
crash test had been conducted on the MBGF (3, 4). In that.test, an
automobile impacted the barrier at 57.3 mph at an encroachment angle
of 25 degrees.* ‘

The impact conditions of two tests conducted in this study were
60 mph at 8 degrees, and 63.4 mph'at 14.7 degrees. These two tests
and the one mentioned above provided considerable insight concerning
the impact performance of the MBGF for 60 mph impacts. The tests also
provided a data base from which the HVOSM could be validated. After
validation, the HVOSM was used to determine the impact performance of
the MBGF at speeds below and in excess of 60 mph (see Chapter IV).

| This chapter describes the details of the as-tested MBGF, the

tests, and the test results.
MBGF Details

The as-tested MBGF barrier is shown in Figure 1. The THD designation
of the barrier is MBGF (B)-74. In some installations a 3/8 ineh steel
wire pedestrian control cable is placed below the guardrail. Also a
headlite-barrier fence is sometimes placed on top of the barrier. How-
ever, it is assumed that neither of these featufes will significantly

affect the impact performance of the barrier.

* That test was denoted "T4-1" in References 3 and 4 and 1s denoted
the same herein. :
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The MBGF 1is designed along the "strong beam, weak post" concept.
Upon impact the support post breaks away from its base, allowing the
back-to-back guardrail to deform. The 3/8 inch fillet welds connecting
the outer faces of the two post f}anges to fhe 5/8 inch base p1éte are
designed to fracture at relatively low impact forces. Since the posts
shear off at‘the base at a relatively low impact force, the rail does

not rotate significantly, minimizing the possibility of vehicle ramping.
Crash Tests

The two crash tests conducted in the study are referred to herein
as MB-1 and MB-2. The MB-1 test refers to the 60 mph/8 degree impact
and the MB-2 test refers to the 63.4 mph/14.7 degree impact.

Test vehicles. A 1965 Plymouth, weighing approximately 4200 pounds,

was used in Test MB-1. Figure 2 shows the vehicle prior to and after the
test. A 1964 Plymouth, weighing approximately 4200 pounds, was used in
Test MB-2. Figure 3 shows the vehicle prior to and after the test.

Further details of the two test vehicles are given in Appendix A.

Data acquisition. Crash test data were recorded by electronic
instrumentation placed in the vehicle and by high speed cameras which.
photographed the impacts.

Three accelerometers were posijtioned near the center of Qravity of
the automobile (see Appendix A for locations). These accelerometers
measured the 1on§itud1na1, lateral, and vertical accelerations, all with
respect to a vehicle-fixed axis. A 50th percentile male dummy was placed

in the driver's seat and lap belted. The force in the lap belt during
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impact was measured. Also, accelerometers were placed in the dummy's
chest to measure accelerations in the fore and aft or longitudinal
direction (eyeballs in or out) as well as in the left and right (lateral)
direction.

A1l electronic data were passed through an 80 Hz low-pass active
filter for presentation in this report.

One high speed camera was positioned with a field of view parallel
to the longitudinal axis of the barrier and the other camera's field of
view was perpendicular to the barrier's longitudinal axis. Film speed
was approximately 500 frames per second. The film provided a time history
of the vehicle's motion. Sequential photographs taken of selected high

speed film frames are shown in Chapter III.
Test Results

The results of Tests MB-1-and MB-2 are summarized in Table 1. More
detailed results of the tests are given in the next chapter in which the
HVOSM is compared with the test results. Vertical accelefations were
found to be small in comparison to the longitudinal and lateral acceler-
ations and are therefore not shown herein.

Dummy accelerations and seat belt loads for the two tests are shown
in Figures 4 and 5. Peak and average acceleration values are shown in
Table 1.

The dynamic performance of the MBGF in these two tests was
considered to be good. From a structural standpoint, the barrier contained

and redirected the vehicle. From an impact severity standpoint, the



TABLE 1.

SUMMARY OF MBGF TESTS

TEST NUMBER

DATA MB-1 MB-2
VEHICLE
Year 1965 1964
Make Plymouth Plymouth
Weight (1b) 4200 4200
FILM DATA
Impact Speed (mph) 60.0 63.4
Impact Angle (deg) 8.0 14.7
Dynamic Barrier Deflection (in.) 1.0 12.0
Departure Angle (deg) 4.0 3.8
Departure Speed (mph) 47.0 52.0
ACCELEROMETER DATA _
‘ {VEHICLE DUMMY|VEHICLE DUMMY
Longitudinal .
Peak (G's) 2.0 5.3 5.5 5.4
Highest Average (G's)! 0.03 4.2 0.90 4.3
Lateral v
Peak (G's) 5.3 4.0 7.0 8.2
Highest Average (G's)! 3.2 2.9 4.7 6.3

1 Averaged over 50 milliseconds.
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accelerations at 7 degrees/60 mph are considered tolerable and no serious
injuries are predicted. The impact severity at 15 degrees/60 mph
indicates a marginal situation, i.e., the accelerations are near the
Timits (sée Chapter IV) for an unbelted occupant. From a vehicle re-
direction standpoint, the small departure angles of the two fests are
considered to be very good. '

" Damage to the MBGF after each test is shown in Figure 6. As can be
seen, damage to barrier after Test MB-1 was negligible and no repairs are
nééeSsary. Repairs to the barrier after Test MB-2 would consist of re-
placing two 25-foot-W-beam guardrails, three support posts, and the
necessary bolts, nuts, etc. Based on previous studies (3), it is estimated
that labor and material costs to repair the barrier after the MB-2 test
would be $530.00.

Damage to the automobile after each test is shown in Figures 2 and 3.
The test car in MB-1 was still operable after the test. However, damage
to the left front wheel assembly of the vehicle in Test MB-2 prevented its
operation after the impact. It is estimated that the repair costs for
the MB-1 vehicle would be $490.00 and that it would cost $1330.00 to repair

the MB-2 vehicle. Further discussions of costs are given in Chapter V.
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ITI. VALIDATION OF HVOSM FOR MBGF IMPACT SIMULATIONS

The three full-scale crash tests described in the previous chapter
provided impact performance data for the MBGF when impacted by a
standard size automobile at approximately 60 mph. It was desirable how-
ever, to obtain more data on its performance since impacts in the field
could be expected to occur at speeds both below and above 60 mph.

In lieu of additional crash tests (which were not within the budget),
it was decided to determine if HVOSM could simulate an automobile im-
pacting the MBGF. To make this determination, the three MBGF crash tests
(MB-1, MB-2, and T4-1) were simulated by HVOSM and the results were com-
pared with the test results.

In the initial attempts at simulating the MBGF tests, errors were
uncovered in the coding of some of the barrier impact subroutines of
HVOSM. These problems and the changes made to the routines to rectify them

are discussed in Appendix B.
Validation Process

The validation process actually involved a trial and error procedure.
Adjustments were made in the vehicle and barrier stiffness parameters
until the HVOSM simulation converged on the results of the MB-2 test.
However, these same stiffness parameters were used in the simulation of
the other two tests (MB-1 and T4-1) and the resulting comparisons were very
good. With the exception of the coefficient of friction between the ve-
hicle and the barrier, it was not necessary to adjust parameters in each

test simulation. As a consequence, it was felt that these parameters could
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be used in HVOSM to simulate impacts with the MBGF at speeds above and
below 60 mph. .

With regard to the vehicle-barrier friction coefficient, it was
found that its value had to be adjusted upward as the angle of impact
increased. The reason this adjustment was needed is believed ﬁo be as
follows. The HVOSM barrier impact subroutines cannot directly account
for the effects of a barrier "pocketing" a vehicle. During impacts with
the MBGF at relatively large impact angles, a vehicle will deflect the
rail considerably but this deflection will occur over a reasonably short
length of the rail. For example, in Test T4-1 (57.3 mph/25 degrees),
the vehicle deflected the rail 18 inches. However, the deflection occurred
over only about 25 feet of the rail. As a result, the barriér tends to
pocket the vehicle. The effects of pocketing on vehicle behavior are
primarily two-fold: (1) it increases the longitudinal impact force (vehicle
axis system) and (2) it decreases the rate at which the vehicle is re-
directed (yaw rate), at least during the initial phases of the impact.
It was found that these effects could be simulated by HVOSM by increasing
the vehicle-barrier friction coefficient.

The procedure used to converge on the vehicle and barrier parameters

and the value of the parameters themselves are given in Appendix B.
Comparisons Between HVOSM and Tests

Comparisons between HVOSM and the test results were based on two basic
types of data. These were accelerations at the vehicle's center of gravity

(C.G.) and vehicle motion.
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Vehicle motion comparisons. Figures 7, 8, and 9 contain comparisons

of vehicle motion for the three tests. The HVOSM perspective drawings

were generated by a computer program (6) whose input is theAHVOSM Output.
Hidden 1ines were removed from the'perspective drawings by hand for clarity.
The test photos are prints made from selected high speed film frames. It
can be seen that the general motion of the HVOSM compares well with the
test results. Note that the automobile does not roll appreciably after
impact with the MBGF.

Figures 10, 11, and 12 show the path of the vehicle after impact with
the MBGF. Very close correlation occurred between HVOSM and the test
results for tests MB-1 and MB-2. In test T4-1, considerable damage was
done to the left frdht tire assembly, causing the vehicle to turn more to
the )eft after impact than did the HVOSM (which cannot simulate such a
’féi1ure). ’ -

Acceleration comparisons. Plots of acceleration versus time for the

three MBGF tests are shown in Figures 13 through 18. Also shown on each
plot are the corresponding HVOSM accelerations. Accelerations in the
vertical direction were small in comparison to the lateral and 10ngitudina1
components and were therefore omitted from consideration.

In tests MB-1 and MB-2 the accelerometers were located at the C.G. of
the vehicle. Location of the accelerometers are given in Appendix A. Lon-
gitudinal accelerations refer to the fore-aft direction of the vehicle and
“1atera1 accelerations refer to the 1eft-right direction of the vehicle. :

In test T4-1 the accelerometers were located on the frame members,
near the rear axle. Their position is given in Appendix A." Due to a mal-

function, the lateral accelerations in test T4-1 were not recorded.
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It can be seen that the HVOSM accelerations generally follow the
trend of the test accelerations. In some instances (see Figure 15 for
example) the test data are characterized by‘rapid changes while the HVOSM
values are somewhat smoother. This high-frequency vibratory nature of the
test data is attributed in part to "ringing" or high-frequency response of
the sprung mass of the vehicle. HVOSM does not have the capability to
simulate this type of response. However, the contribution of such motion
to overall impact severity is not considered significant. Another reason
for sudden and large changes in the test values is that as the vehicle
crushes, various members of various stiffnesses are encountered. HVOSM
can simulate this effect to a small degree by "hard points".

A summary of the acceleration data is given in Table 2. Shown in the
table are peak accelerations and the highest average accelerations oc-
curring over any 50 millisecond period. The times at which the peak accel-
erations occur and the periods over which the highest average accelerations
occur are also given in the table.

Although some disparity occurs between test values and the HVOSM
values for peak accelerations and the times at which these occur, the
average accelerations are in reasonably close agreement. In mosf cases,
more significance is placed on the highest average accelerations rather
than the highest peak accelerations. This is especially true when vehicle
accelerations are used as a measure of severity (to the occupant/occupants
of the vehicle).

After evaluating the validation efforts, it was concluded that HVOSM

(as modified) could be used to supplement crash test data for the MBGF.
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Peak Lateral Accel-
eration (G's)/Time (sec)

Peak Longitudinal Ac-
celeration (G's)/Time (sec)

Highest Average Lateral Ac-
celeration (G's)/Time Period
(sec)

Highest Average Longitudinal
Acceleration (G's)/Time
Period (sec)

* Right frame member

TABLE 2. ACCELERATION COMPARISONS

TEST NUMBER _

MB-1 MB-2 T4-1*

Test HVOSM Test HVOSM Test HVOSM
Results Results Results Results Results Results
5.3 4.1 7.0 6.2 - not 9.4
0.16 0.19 0.070 0.113 available 0.25
2.8 1. 5.0 2.8 12.0 11.0

0.08 0.07 0.080 0.058 0.13 0.103
3.2 3.6 4.7 4.8 not 7.2
.14- .19 .045-.095 A7-.22 .173-.223 available 0.23-0.28
1.0 1.2 2.5 2.6 10.0 10.0

.045-.095 .045-.095 .035-.085 .048-.098 0.10-0.15

.088-.138



When considering the very complex nature of the MBGF impacts, HVOSM
predicted the gross motion of the vehicle and vehicle accelerations quite

accurately.
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IV. PARAMETRIC STUDIES

Metal Beam Guard Fence =

To supb]ement thé.MBGF crash test data, nine HVOSM simulations were
made. Impacts at speeds of 50 mph, 70 mph, and 80 mph, in combination
with impact angles of 5 degrees, 15 degrees, and 25 degrees, were simulated.

Table 3 summarizes the results of these nine simulations (runs 1
through 9). Also shown in Table 3 are the results of the simulations of
the three crash tests (runs 10, 11, and 12). The accelerations given in
Table 3 are the highest average accelerations occurring over any 50 milli-
second period. A small utility computer program was written to compute
these maximum averages as well as the maximum severity index (discussed
in a following paragraph). The program scanned the data, computed the
average accelerations and the severity index for all 50 millisecond periods,
and selected and printed the maximums. It is noted that the time period
over which the maximum average longitudinal acceleration occurred did not
necessarily correspond to that for the average lateral acceleration. Also,
the time period over which the maximum severity index occurred did not nec-
essarily correspond to that for the maximum average longitudinal accelera-
tion or to that of the maximum average lateral acceleration.

A severity index (S.I.) was used to quantify the severity (to an

occupant) of the vehicle impacts with the MBGF. It is defined as follows

G 2 + /(6 2 G 2
5.1, = (E'r—"—"ﬂ Lat) r(Jert (1)
Long Lat Vert
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TABLE 3. PARAMETRIC STUDY RESULTS, MBGF

IMPACT MAXIMUM AVERAGE
CONDITIONS ACCELERATIONS (G's)?

EXIT . MAXIMUM MAX IMUM

SPEED ANGLE ANGLE! ROLL ANGLE 6 5 SEVERITY3
RUN NO. (mgh) (deg) (deg) (deg) Long Lat INDEX (S.I.)

50 5 1.9 1.8 0.56 1.92 0.39
2 50 15 . 5.1 5.0 2.45 4.14 0.90
3 50 25 12.2 9.6 7.80 5.50 1.57
4 70 5 1.2 1.5 0.76  2.70 ©0.55
5 70 15 2.9 2.3 2.87 5.51 1.15
6 70 25 7.8 10.1 12.03 8.98 2.49
7 80 5 1.0 1.6 ~0.88 3.15 0.64

80 15 2.7 3.0 3.41 6.60 1.39
9 80 - 25 7.0 9.7 15.30  11.53 3.17
10 60 '8 2.5 1.8 1.20 3.60 0.73
11 63.4 14.7 3.6 5.0 2.59 4.80 0.98

12 57.3 25.0 9.2 8.4 9.03 6.83 1.88

1 Angle when vehicle lost contact with barrier.

2 Averaged over 50 milliseconds, at C.G. The maximum average longitudinal and lateral accel-
erations do not necessarily occur during the same time period.

As computed over 50 milliseconds.
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Where

GLong = average longitudinal acceleration;

GLat = average lateral acceleration;

GVert = average vertical acceleration;

Giong = tolerable average longitudinal acceleration;
Gﬂat = tolerable average lateral acceleration; and
GVert = tolerable average vertical acceleration.

The terms in the numerator of Equation 1 ére the average accelerations on
the vehicle, and the terms in the denominator are the 1imiting vehicle ac-
celerations an occupant can withstand without serious or fatal injuries.
It is assumed that an S.I. greater than one indicates that an occupant
would sustain seridus or fatal injuries. A detailed description of the
index is given in the literature (7, 8).

Limiting accelerations used in this study were as follows (7):

¢ =
GLong 7
Glat =%
GlVert =6

For the MBGF, the vertical accelerations were negligibie and therefore

only the first two terms of the S.I. wére included. However, the severity
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indices on the CMB (provided in subsequent parts of this report)
involved all three terms since all three acceleration components were

significant.
Concrete Median Barrier

In the fo]fowing chapter, the S.I. for the MBGF is compared with
that of the CMB. Values of the S.I. for the CMB were obtained from a
previous study (1, 2), with two exceptions. To adequately compare the two
barriers, it was necessary to simulate two impacts with the CMB which
were not in the previous study. Impacts at 50 mph and 25 degrees and at
70 mph and 25 degrees were simulated. The results of these two runs, to-

gether with all other CMB data, are given in Table 4.
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TABLE 4.
IMPACT
CONDITIONS
, EXIT
SPEED ANGLE ANGLE!
RUN NO. (mph) (deg) (deg)
50.0 5 1.1
70.0 5. 0.3
80.0 5. 0.1
4 50.0 10.0 2.5
5 70.0 10.0 1.2
80.0 10.0 1.2

7 50.0 15.0 3.6

8 70.0 15.0 (%)

9 80.0 15.0 (*)
10 50.0 25.0 (®)
11 63.0 25.0 5.1
12 70.0 25. (°)

et

[a]

+

2]

PARAMETRIC STUDY RESULTS, CMB (1)

MAXIMUM AVERAGE
ACCELERATIONS (G's)?

MAX IMUM MAX IMUM
ROLL ANGLE G g 5 SEVERITYS3
(deg) Long Lat Vert INDEX (S.I.)
1.3 0.49 1.61 0.12 0.33
2.2 0.72 2.53  0.43 0.52
3.3 0.21 2.90  0.54 0.58
4.2 1.13 2.99  0.94 0.64
19.5 0.16 5.06 2.03 1.07
34.6 1.92 6.42  2.61 1.38
15.0 0.47 4,29 1.38 0.91
(*) 2.81 6.44  3.16 (#)
(%) 3.24 7.49 3.29 (4)
(5) 4.45 7.47 4.28 1.76
37.0 6.47 11.23  4.38 2.54
(5) 9.37  12.27 1.78 2.81

Angle when vehicle lost contact with barrier.

Averaged over 50 milliseconds, at C.G.

The maximum average longitudinal and lateral acceler-

ations do not necessarily occur during the same time period.

As computed over 50 milliseconds.

Vehicle rolled over upon exiting from barrier.

Data unavailable.

Severity considered intolerable.



V. COMPARISON OF CMB AND MBGF IMPACT PERFORMANCE

Impact Severity

Shown in Figure 19 are plots of the S.I. versus impact speed for the
CMB and the MBGF for three different impact angles. Data in Figure 19
were taken from Tables 3 and 4.

It can be seen that for small impact angles, the two barriers are
approximately equal in impact severity. However, as the impact angle
increases, the difference in impact severity of the two barriers is more
pronounced, with the MBGF providing the less severe impact. This result
was expected since the MBGF does have flexibility and can dissipate a
considerable amount of the energy of the impacting vehicTe. The CMB is
for all practical purposes a rigid barrier.

It can be seen from Table 3 that the MBGF can redirect a vehicle
without introducing large roll angles, i.e., the potential for roll over
appears to be minimal. This could be a significant factor when comparing
the MBGF with the CMB since at high speeds and large impact angles the

latter has shown a tendency to cause the impacting vehicle to roll over (2).

Damage Costs

Evaluation of the impact performance of a barrier should 1nc1ﬁde a
consideration of repair costs to both the barrier and the vehicle. The
following cost figures, which admittedly are based on very limited data,
give a quantative measure of the damage costs incurred after impact with
the MBGF and the CMB.

With regdrd to barrier damage, the CMB requires no repair for all

practical purposes, at least for the impact conditions investigated.
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Damage to the MBGF for an impact at 60 mph and an impact angle of 7
degrees was negligible. Damage to the MBGF for 60 mph impacts at
impact angles of 15 degrees and 25 degrees is approximately the same.
Repair cost in these cases is based on previous estimates (3) with a
factor of 1.2 being applied to estimate cost increases since the
referenced data were published. The barrier repair costs are shown in
Table 5.

Also shown in Table 5 are the estimated costs to repair the
automobiles after impact with the respective barriers. Automobile
repair costs were obtained in each case from a local auto appraiser.
The appraiser's estimates, given in Appendix C, were rounded off to
the nearest ten dollars.

Based on the estimates and the corresponding impact conditions,
impact with the CMB will cause more damage to the automobile than the
MBGF. However, it is pointed out that at impact angles less than 7v
degrees, the CMB will redirect an automobile with 1little or no sheet
metal damage, which reduces or eliminates damages. The MBGF does not
have this capability and some automobile damage can be expected for

any impact.
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TABLE 5. ESTIMATES OF DAMAGE COSTS FOR
60 mph IMPACT (DOLLARS)

IMPACT ANGLE

7 Degrees 15 Degrees 25 Degrees
MBGF CMB MBGF CMB MBGF CMB
Barrier
Damage NIL NIL 530.00! NIL 530.00! NIL
Vehicle
Damage? 490.00 615.00 1330.00 1550.00  1430.00 1500.00

1 Taken from reference 3 with a factor of 1.2 being applied for increases in cost.

2 As obtained from an auto appraiser.



VI. [IMPACT ANGLE PROBABILITIES

The study up to this point provided objective criteria for comparing
the impact performance of the CMB and the MBGF for a given set of impact
conditions, i.e., impact speed and angle. However, data in this form are
of Timited value if one cannot relate impact conditions (or probability
thereof) to the particular median geometry in question. The objective of
this phase of the study was therefore to determine the impact condition
probability as a function of median width or the distance from the road-
way to barrier's face.

To accomplish this objective, the researchers relied on both field
data and on data as determined by use of the HVOSM model. A description

of each of these two approaches follows.
Field Data on Barrier Impacts

Very valuable work on the nature of vehicle encroachments has been
done by Hutchinson and Kennedy (9). However, the referenced work involved
all encroachments and there was no apparent way to predict what number of
these encroachments would have impacted a barrier, had there been one in
the median, and what impact angle. It was decided that a number of field
evaluations would be made to determine actual impact angles.

The field data were gathered by members of the THD Research Division.
The field sites were urban freeways of several large cities in Texas. The
collection procedure involved the location of sites where median barrier
accidents had occurred (as judged by barrier damage) in which impact angles

could be measured, either through skid marks or tire tracks. In some cases,
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the barrier deflection (permanent set) was measured. However, there was
no attempt to relate barrier damage to any other parameters; such as
vehicle speed.

Median widths investigated ranged from 13 feet to 56 feet. A total
of 135 cases were recorded. However, a 1arge portion of these (111) fell
in the 22-foot to 26-foot median width range. In a few instances, the
barrier was located on a raised median. However, in such cases a roll
curb was used (5-3/4 inch height or less) and as a consequence it is
doubtful that the curb would have a significant effect on the vehicle's
path, at least for the short distance between the curb and the barrier.

Inspections of impacts with barriers on narrow raised medians were
also made by the THD investigation team. The following statement by
Hustace of the THD concerns this phase of the inspection.

"The narrow median, although sustaining numerous
impacts, had frequently not provided tire tracks due
to the airborne tire after having struck the curb face.
Although curb scuff marks and barrier damage is usually
readily apparent, the nearness of the barrier face and
overhang of the vehicle would normally result in an
over conservative angle from a calculated value. This
factor, combined with the extreme hazard of angle
measurements on narrow medians, leads me to feel that
the data generated by Hutchinson and Kennedy for vehicle
departure angles should be adequate to represent the
narrow median situations since vehicle-driver recovery-
response would be minimum due to the close proximity of
the barrier. Also, in turn, the absence of wide median
barrier sites and the lack of serious consideration for
median barrier installations in the wide median does
not demand the same urgent attention as does the barrier
installation for the medium and narrow width medians."

A statistical analysis of the 135 cases led to the following conclu-
sions:

(a) There was enough data to determine a relation between impact

angle and probability of occurrence for median widths between
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(b)

(c)

22 feet and 26 feet. The relation is shown in Figure 20. Note
that the data from the 22-foot, 24-foot, 25-foot, and 26-foot
medians were combined to develop this curve. There was not a
significant variation in the distribution to warrant a curve for
each of these four widths.

There was not enough data to develop distributions of impact
angles as a function of median widths. This was due to the fact
that most of the data was for median widths between 22 feet and
26 feet.

Based on the data for the 22-foot to 26-foot medians, it appears

~that the distribution of impact angles for a given median width

can be approximated by the "normal distribution". The mean
impact angle for the data was 10.8 degrees with a standard devi-
ation of 6.2 degrees. It can be seen in Figure 20 that a normal
distribution having a mean impact angle of 10.8 degrees and a
standard deviation of 6.2 degrees correlates well with the field

data.

HVOSM Simulations of Encroachment Angles

A series of HVOSM runs were conducted to supplement the field data.

The objective of these runs was to develop relationships between encroach-

ment angle and median width for different probability levels.

The research approach and its rationale were as follows:

(a)

The HVOSM was used to establish extreme encroachment angles
(95th percentile values) for any given median width. Further
details of the procedure used to determine these angles are

given in a subsequent part of this chapter.

49



09

PROBABILITY OF IMPACT EQUALLING OR BEING

LESS THAN IMPACT ANGLE (%)

100

90

80

70

60

50

40

30

20

10

FIELD DATA

WITH
p =10.85°

o=6.20°

FOR MEDIAN WIDTHS
OF 22 FEET TO 26 FEET

| | 1

NORMAL DISTRIBUTION

10 15 20
IMPACT ANGLE (DEG.)

25

30

FIGURE 20. DISTRIBUTION OF IMPACT ANGLES FOR

FIELD DATA



(b) Using the extreme angles from part "a" and assuming a zero
impact angle at the 5th percentile, a normal distribution was
constructed for various median widths ( a normal distribution
is uniquely defined, given any two points on the curve). Use
of the normal distribution in this manner appears reasonable
due to its close correlation with field data (see Figure 20).

(c) From the data generated in part "b", curves were drawn depicting
impact angle versus median width for different levels of
probability.

It is important to note that the ability of the HVOSM to simulate an
automobile during steering maneuvers has been demonstrated by other
researchers (11). The referenced validation studies involved sinusoidal
steering inputs.

Extreme encroachment angles. Much speculation has occurred concerning

the highest angle an automobile can impact a barrier located a given
distance from the roadway. This investigation did not provide data to end
all speculations, nor did it purport to, but it did shed some light on

the problem.

Basically, the HVOSM was used to determine the response and the en-
croachment angle of a standard automobile with standard tires as it was sud-
denly steered off the roadway while travelling at 60 mph. The automobile
was assumed to be in a "coast" mode, i.e., with no traction after the
steering maneuver began. The steering maneuver was an attempt to simulate
an emergency avoidance maneuver. It consisted of steering from a zero steer
angle to a prescribed angle in a prescribed time at a uniform rate. The
turning rate was determined by observing the highest rates at which drivers

had performed similar maneuvers in full-scale tests at TTI.
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Figure 21 shows the four steering conditions which were input to the
HVOSM. As shown, the steer angle was increased up to a selected value at
a constant rate and then held constant. It is noted that most automobiles
have a steering wheel angle to steer angle ratio between 20 and 25. For
example, an eight-degree steer angle would require between 160 and 200
degrees of steering wheel turn.

A total of 12 simulation runs were made. For each of the four steering
conditions shown in Figure 21, three tire-pavement friction coefficients
were simulated, namely 1.0, 0.75, and 0.5. The results are presented in
two basic forms; plots of the vehicle path and plots of encroachment angle
versus lateral distance.

Figure 22 shows plots of the path of the center of gravity of the
vehicle for a tire-pavement friction coefficient of 1.0 for four steering
maneuvers. The "lateral distance" is a distance from the roadway tangent
on which the steering maneuver began (roadway parallel to "longitudinal
distance" axis). The four HVOSM plots are the paths of the vehicle for
each of the four steering maneuvers of Figure 21. Note that an increase in
the steer angle does not result in a proportionate increase in the path
curVature, especially beyond steer angles of eight degrees. This is due
primarily to the saturation of the side force capabilities of the front
tires after the steer angle exceeds approximately eight degrees. It is con-
jectured that the curvature approaches a limiting value fdr steer angles of
16 degrees. It is possible that other forms of steering input (e.g., non-
linear rates of steer application) could result in paths of larger curva-

ture, but it is doubtful that the differences would be significant.
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Also shown on Figure 22 is a path plot of the vehicle as simulated
by a simple "point mass" model. For a point mass the maximum available

side force, Ff, is computed as follows:

Ff = uk (2)
where

friction coefficient, and

=
"

=
]

weight of vehicle.

As the point mass vehicle corners in a circular turn (with no pave-

ment superelevation) its centrifugal force, Fc’ is determined as follows:

Fo= 0 (3)
where
v = vehicle velocity,
g = gravitational acceleration, and
r = radius of turn.

The minimum radius the point mass can follow is computed by equating Ff

and Fc’ and then solving for Pmin S follows:

W2 (4)
gr - W
and
- V2
"min gu (5)
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From Figure 22, it can be séen that the actual paths (as determiried
by HVOSM) differ considerably from that of the point mass. This is due
to the inability of the point mass model to accurately represent the
transient nature cf vehicle handling. Whereas the point mass model as-
sumes ar instantaneous steady state turn once the turn has been initiated,
the HVOSM accounts for the transient period of the vehicle's response.
Plots similar to those of Figure 22 for values of u of ¢.75 and 0.5 are
included in Appendix D.

Figure 23 shows plots of vehicle path for a steer angle of 16 degrees
as a function of the friction coefficfent. Similar plots for steer angles
of 4 degrees, 8 decrees, and 12 degrees, are included in Appendix D. ,

Shown in Figure 24 are encroachment angles as a function of lateral
distance. Coordinates of each of these cufves were determined by computing
the arctangent cof the slope of the appropriate curve in Figure 22 as a |
function of lateral distance. The encroachment angle is the angle between
a tangent to the C.G.'s path and the roadway tangent.

It is interesting to note that although the point mass model does rot
accurately simulate the vehicle's path, it does predict the encroachment
anQ]e quite accurately, at least fer the extreme steering maneuvers and for
lateral distances up to about 40 feet. For lower fricticn coefficients,
the comparison is even better (see Appendix D). It is also intereéting te
note that many people felt that the point mass representation gave very
excessive encroachment angles, i.e., the vehicle could not attain the angles
predicted by the point mass model. Such is not the case. In fact, for
bigh skid-resistant pavements where large lateral distances are accessible

e.g., a wide median, the point mass predictions are too lcw.
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Figure 25 is a plot of encroachment angles for the three friction
coefficients and for a steer angle of 16 degrees. Similar plots are given
in Appendix D for steer angles of 4 degrees, 8 degrees, and 12 degrees.

To arrive at a relationship between extreme encroachment angle and
median width (lateral distance), the values as determined for a steer angle
of 16 degrees and a friction coefficient of 1.0 were selected. In most |
cases these conditions would be extreme and as such they represent what is
considered to be limiting values.

To compute actual impact angles it was necessary to account for the
dimensions of the automobile. With reference to Figure 26, it is obvious
that the vehicle will impact the barrier before the C.G. crosses the
barrier plane. The vehicle dimensions given in Figure 26 are typical of

a medium-weight sedan. From geometry,

= TAN"1 36
a = TAN'! 22 | (6)
or a = 22.13 degrees.
Thus,
L - Leg = (95.54)[SIN(a + 6)] (7)

or

LT = (95.54)[SIN(22.13 + &8)] + LCG (8)

12.0

with LT and LCG in feet.
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The "LCG" curve of Figure 26 is identical to the curve of Figure 24 for a
steer angle of 16 degrees. The "LT" curve is a plot of Equation 8, with

g8 and L.. determined from the "LCG" curve.

CG
Figure 27 shows the relationship between the extreme impact angle

and the median distance, D, for two conditions; impact from lane 1 and

jmpact from lane 2. Note the median distance, D, is not the half-median

width but rather is the distance from the edge of the roadway to the barrier

face. It was assumed that the vehicle was in the center of the 12-foot

lane when the emergency steering maneuver began. The curves of Figure 27

are simply an application of the "LT" curve of Figure 26. For example, for

a median distance of 10 feet and an encroachment from Tane 1,

10+ 3 + 5= 16 feet

—
1]

From Figure 26,

D

= 16.3 degrees.

Note that the "impact from lane 1" curve will intersect the vertical
axis aboVe zero for a zero median distance, i.e., there can be an impact
angle even though there is no median distance. This is due to the assumed
three-foot gap between the vehicle and the face of the barrier for a
vehicle travelling in the center of the lane. |

Impact angle probabilities. The probability distribution of impact

angles for a given median distance was assumed to be a normal distribution,
as has been discussed earlier in this report. To determine the distribu-

tion for a given median distance, the 95th percentile value of the impact
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angle was assumed to be that as determined from the "lane 1" curve of
Figure 27 and the 5th percentile impact angle was assumed to be zero. These
two points uniquely defined the distribution.

For a normal distribution,

Gp = 0Xp + B (9)
Where
ep = jmpact angle for probability "p";
o = standard deviation;
Xp = a parameter determined from tables of normal distri-
bution function, for given probability "p"; and
B = mean of distribution.

As assumed,

0 = 0
From the tables (10),
X5 = ~1.65
Therefore,
0=-1.65(c) + 8
or
o = T , (10)
From the tables (10),
X95 = +]1.65
Thus,
8gs = 1.65(c) + B (1)
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Substituting o from Equation 10 into Equation 11 gives

- B
095 = 1.65(TT§§) + B

So,

R = 22 (12)

Thus, for known values of Oggs B and o can be determined from Equations 12
and 10, respectively.

For example, the distribution of impact angles for a median distance
of 12 feet (or a median width of approximately 24 feet) is computed as

follows. From Figure 27,

0g5 = 17.8 degrees ("impact from lane 1" curve).

From Equation 12,

_17.8 _
B - 2.0 - 8.9
and from Equation 11,
-89 _
g = ].65 5.39
Therefore,
= 5.3 + 8.
b 9(Zp) 8.9

Values of ep are shown in Table 6 as a function of p, and Figure 28

shows a plot of p versus o Also shown on the figure is a plot of the

b’
field data (same as shown in Figure 20) which has been discussed earlier.

The field data was gathered on medians ranging in width between 22 feet
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TABLE 6. IMPACT ANGLE DISTRIBUTION FOR
12 FOOT MEDIAN DISTANCE

PERCENTILE, p IMPACT ANGLE
(percent) Zp ep (degrees)
0 : -4.00 - -12.66
5  -1.65 0.00
10 -1.28 2.00
20 -0.84 4.40
30 -0.52 6.10
40 -0.25 7.60
50 0.00 8.90
60 0.25 10.20
70 0.52 11.70
80 0.84 | 13.40
90 1.28 15.80
95 1.65 17.80
100 4.00 30.50
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and 26 feet, or an average median distance of approximately 12 feet. Al-
though there are some differences in these two curves, the degree of cor-
relation is considered to be good.

There are several factors which 1likely contributed to the differences
that did occur in the curves of Figure 28. The first of these, and
probably the most significant one, is the speed of the impacting vehicle.
Unfortunately, there was no way to determine impact speeds from the field
measurements. It is conjectured that the low angle impacts occurred at
speeds higher, on an average, than did the higher angle impacts. It is
also conjectured that most of the impacts occurred at speeds less than 60
mph. The theoretical distribution is based on an initial encroachment
speed of 60 mph. Some slight decrease in speed occurred in the HVOSM
simulations during the encroachment, but it was not considered significant
(less than 2 mph).

Another factor which could cause differences is that some of the
barrijer impacts likely occurred after the vehicle impacted another vehicle
or object. Actions of the driver during the encroachment, such as braking,
could also have a significant effect on vehicle path.

The number of lanes can also have an effect on the distribution of
encroachment angles. The field data were taken on urban freeways having
various numbers of lanes. As assumed, the theoretica] distributions were
based on encroachments from the inside lane.

It was concluded, however, that the effect of the combination of these
factors can be represented by the as-formulated theoretical distribution.
Figure 29 shows the theoretical impact angles as a function of median

distance for various percentiles, where the 95th percentile curve is the
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same as the "impact from lane 1" curve of Figure 27. Coordinates of the
90th percentile, the 80th percentile, and the 70th percentile curves are
given in Table 7.
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TABLE 7. COORDINATES OF VARIOQUS
PERCENTILE CURVES

IMPACT ANGLE (Deg)

MEDIAN MEAN IMPACT STANDARD
ISTANCE, D ANGLE, 8 DEVIATION, o 820 8g0

(ft) (Deg) (Deg)
2 4.20 2.55 5.53 6.34 7.46
3 4.85 2.94 6.38 7.32 8.61
4 5.35 3.24 7.03 8.07 9.50
5 5.95 3.61 7.83 8.98 10.57
7 6.90 4.18 9.07 10.41 12.25
9 7.75 4.70 10.19 11.70 13.77
10 8.15 4.94 10.72 12.30 14.47
12 8.90 5.39 11.70 13.43 15.80
14 9.70 5.88 12.76 14.64 17.23
16 10.40 6.30 13.68 15.69 18.46
18 11.10 6.73 14.60 16.75 19.71
20 11.70 7.09 15.39 17.66 20.78
22 12.25 7.42 16.11 18.48 21.75
24 12.80 7.76 16.84 19.32 22.73
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VII. SELECTION CRITERION

Impact performance data and impact angle data needed to formulate a
selection criterion were now available. Impact severity of the two
barriers was presented in Chapter V, and impact angle data were presented
in the preceding chapter.

The criterion is based on a design speed of 60 mph and relates to
full-size automobiles. Shown in Table 8 are values of the severity index
as related to impact angle. These values were obtained from Figure 19.
The criterion is presented graphically in Figure 30. Coordinates of the
S.I. versus impact angle curves were taken from Table 8 and the plots of
median distance versus impact angle were taken from Figure 29.

It is pointed out that the criterion referred to is based on safety
considerations only and does not include cost and maintenance factors.

It is also pointed out that the criterion is dependent on the design
speed. For example, if the design speed were 50 mph, the severity curves
of Figure 30 for the two barriers would have been much closer together.
It may be desirable to develop a different criterion in such a case.

Figure 30 allows one to objectively compare the impact severity of
the two barriers as a function of the median distance. For example, assume
that one is interested in the impact severities of the two barriers when
placed 12.5 feet from the roadway (a median width of approximately 25 feet),
for the 80th percentile impact. Application of the curves is as shown on

Figure 30. The results are as follows:

S.1.
MBGF 0.90
CMB 1.09
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TABLE 8. SEVERITY INDEX OF BARRIERS
AT 60 mph IMPACT SPEED

SEVERITY INDEX

IMPACT ‘
ANGLE (deg) MBGF CMB
5 0.47 0.42

15 : 0.96 1.18

25 2.00 2.39
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The results indicate the MBGF to be about 21 percent less severe for the
given conditions.

As mentioned previously, the selection process involves the con-
sideration of othef factors, such as initial and maintenance costs of the
barrier and the hazard to repair crews and motorists while the barrier is
being serviced. It is the author's belief that a selection procedure based
on a "cost-effective" analysis can be formulated which incorporates the
effects of all these factors. Such a formulation, however, was not within

the scope of this work.
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VIII. CONCLUSIONS

The following conclusions were drawn as a result of this study:

1.

The Texas standard metal beam guardfence will contain and
redirect an automobile impacting at 60 mph at impact angles

of 7 degrees, 15 degrees, and 25 degrees. There is no
tendency for the automobile to become unstable after impact
with the MBGF and the exit angle of the vehicle is not large.
Serious or fatal injuries are not predicted for impacts at
angles less than 15 degrees and speeds less than 60 mph.

The as modified version of HVOSM can be used to simulate
automobile impacts with the MBGF. Close correlations between
test and simulated results forms a basis for this conclusion.
The severity of impact with the Texas standard concrete median
barrier is approximately equal to that of the MBGF for angles |
of impact of 7 degrees or less. However, as the angle of
impact increases, impacts become progressively more severe with
the CMB than with the MBGF.

The CMB is practically maintenance free whereas it costs
approximately $500 to repair the MBGF after a GO0 mph, 15
degree, impact. Based on gross estimates, automobile repair
costs resulting from an impact with the CMB are slightly higher
than that for the MBGF at an impact speed of 60 mph and an

impact angle in excess of 7 degrees.
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Sufficient field data was obtained to determine the percentile
distribution of impact angles for a barrier placed in the
center of a 24-foot median. A theoretically derived dis-
tribution, obtained by application of the HVOSM, compared
favorably with the field data. Percentile distributions of
impact angles as a function of median distance (distance from
roadway edge to barrier face) were obtained by the theoretical
analysis.

An objective barrier selection criterion was developed from
which the impact severity of the MBGF and the CMB can be
determined for any given median distance. The criterion is
based on a design speed of 60 mph and impacts with a full-size
automobile. The Texas Highway Department used this criterion

to develop warrants for the use of these two barriers.
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TABLE A1. TEST VEHICLE PARAMETERS

TEST NUMBER

ITEM MB-1 MB-2
Make '65 Plymouth '64 Plymouth
Model 2 dr Hardtop 2 dr Hardtop

Total Weight (1b)

4200

Wheel Weights (1b):

Left Front
Right Front
Left Rear
Right Rear

Dimensions (in)!

1100
1130
990
970

32.0
54.5
55.0
21.0
8.0
26.0
N.A.
72.0
117.0
36.0
N.A.

! See Figure Al.

4200

1150
1090
970
990

34.0
44.75
53.0
21.0
8.0
27.0
N.A.
72.0
117.0
36.0
N.A.

80

T4-1

'63 Plymouth
4 dr Sedan
3640

870
900
870
900

35.6
N.A.
52.4
N.A.
8.0
26.0
25.0
72.0
116.0
N.A.
15.0
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APPENDIX B
MODIFICATIONS TO HVOSM

Initial attempts at simulating Crash Test MB-2 were unsuccessful.
 After the program reached a certain point in the simulation, the
solution process would enter an endless loop. Write statements were
placed in the program to isolate the problem, which was found to be

in subroutine SFORCE.

A listing of the as modified subroutine SFORCE is given in Figure
Bi. The problem and its correction was as follows.

The problem occurred when the barrier started to reload, after
it had been initially loaded and then partially unloaded. At this
point, the values of EPSL and DELX*SET were such that loop 38 became
endless. The value of YBP in card 250 was always such that the solution
would go to statement number 40 (card 404), bypassing the calculations
of the vehicle crush force FNX. As a consequence, the force balance
was never satisfied (card 407). Upon leaving Toop 38, the Togic would
result in the solution being sent to statement number 250 and thence
back to Toop 38.

The modification to correct this problem is given in cards 462A,
462B, 462C and 462D. Statement number 100 Timits the values of YBP,
i.e., the position of the barrier can never be less than YPBO (its
initial position).

Another modification to subroutine SFORCE concerned the computation

of the hardpoint forces. Previously the hardpoint forces were computed
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at the beginning of loop 38 (see Appendix B of reference 2). The
computation, done in loop 91, is now done just prior to the computation
of the vehicle crush force (just after card 399). The hardpoint

force computation involves cards 245 through 249 (moved without re-
numbering). MNote that in addition to the previous limitation, the
hardpoint force is not computed if the lateral velocity of the

hardpoint (VPT) is negative (see card 247). To accommodate this change,
the value of VPT in SFORCE was brought, through the common block

HARDPT, from subroutine RESFRC.

Upon completion of the above changes, simulation test MB-2 was
again attempted. Various combinations of barrier and vehicle stiffness
parameters were used in an attempt to simulate the crash test results.
The results, however, were still not satisfactory. Since the problem
appeared to involve the non-linear force-deflection algorithm used in
the program, it was decided to use a simplified version of the al-
gorithm. In effect, the algorithm assumed that the barrier was
completely elastic, although the non-Tinear force-deflection relationship
(5th order polynominal) was retained. A listing of the simplified
NLDFL subroutine is given in Figure B2.

As a result of this modification, the researchers were able to
converge on a set of vehicle and barrier parameters which resulted in
good correlation between HVOSM and test results.

The values of the pertinent vehicle and barrier parameters were

as given in Table BI1.
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TABLE B1.

BARRIER DIMENSIONS

VEHICLE AND BARRIER STIFFNESS PARAMETERS

SPRUNG MASS—-BARRIER IMPACT DATA
BARRIER LOAD DEFLECT.

(YB*)O =2400.000 INCHES KV = 2000 LB/IN*¥%3 SIGMAR O = 0.0
DELYB! = 0.500 v SET = 0.900 DEFL.RATIO SIGMAR 1 =13466.0000
BT = -27.000 " CONS = 0.100 ENERGY RATIO SIGMAR 2 =-2763,0000
FAE: A = =14.750 " MUB = 0.300 SIGMAR 3 = 250.8900
VEHICLE DIMENSIONS EPSILON V= 1.000 IN/SEC SIGMAR 4 = -9.8195
XVF =  B8.500 INCHES EPSILON B= 500.000 L8 SIGMAR 5 = 0.14023C
XVR =-115.500 v DELTB = J.0025 SEC SIGMAR 6 = 0.0
YV = 36.000 v ' {INTEG. INCR) SIGMAR 7. = 0.0
VT = ~14.000 " SIGMAR 8 = 0.0
VB = 13,750 ' SIGMAR 9 = 0.0
INDB = 3 (=1 RIGID BARRIER, FINITE VERT, DIM.) SIGMARLO = C.0

=2 11 [ B

INFINITE v e )

=3 DEFORML,BARRIER,FINITE ¢ ' )

=4 L 'y

INFINITE v v )
STRUCTURAL HARDPOINTS RELATIVE TO C. G.

X Y z STIFENESS
{ INCHES) LB/ IN
POINT 1 81.000 16.500 5.000 2500.000
POINT 2 54.500 34.000 0.0 2500.000
POINT 3 ~62.500 34.000 0.0 2500.000



It is important to note that, with the exception of the barrier
to vehicle friction coefficient MUB, these same values were also used
in the simulation of tests MB-1 and T4-1 and all runs described in
Chapter IV. In both MB-1 and T4-1, correlation between HVOSM and test
results were considered good.

As has been discussed in Chapter III, the value of MUB was different

in each of the three test simulations. Those values were as follows:

TEST MUB
MB-1 0.2
MB-2 0.3
T4-1 0.6

In the parametric studies of Chapter IV, the value of MUB was as follows:

RUNS* MUB
1, 4,7 0.2
2,5, 8 0.3
3,6, 9 0.6

* See Table 3.

86



SINGLT VIHICLY ACCTOIPT STMULATINN - SHYPRIUTINE 1JPFERCE SF Nk
SINGLE VWAL ACCTRERT STMUL L TINN - SURPFCUTIME SFrROE SFCPR
SUBRCUTIMNE SFOECE SENE
COMMON/ZINDT/OHTI O THETANZPSTQWPOQOROXTOPYTOP, ZCOPsUOWVI)y WO 4L Ry SF(2
DELLOD L 20, 0E L3N, PHIRONELION,NELZUN,,DELZ UL, PHIPON, TFSFENO
W TR TR Gl g EH bW KTy STOT o XLAMT AL s A9 A3 AKP S AMLy XMUF ,SFNR
XMS e XMUF g XIX g XTYy XIZLy XIX7 9O F g LVFEyXLAME, IMEGE,CEP,EPSF,SFMR
KEpC2 g EKE yXLAME ,TIMEGR (P EP SF PRy TSy THMEX,LTCOMP,TO, SFHP
Ty BTCHP L, NTP I NT, MONE g FRAR g FMGALA G HMAX g HMI M GyRET (G y SFOR
HOD (36 4 0aD (%) o XTRyX1Lo Y121 4X24Y2472,,PHILC (60),NELR, SFNP
FILEyPUFLWMNSL 3y PSTIF(50),TOF(S50),TAK{50) ,TR,TF,TIMCR, SFOR
XRPRY (10) a3 YRIMY (1O )eZGPL21421 )9 THGI21421) 43 PHIGI21,211,SFAR
XFE g X g X IR gNX gy YR g YE 9 YINCR G NY o PP Xy NRY s UVWMTIN, PQPMIN SFOR
COMMON/IMOTL/YCLP,, YO 2P, ZCP2P ,NELTC,PHICL1,PRIC2,AMUC,FJP (25}, XIPS, SFre

NDNDASH W -

1 CPSPyONGPS ) AKP S EPSPS XPS,FiWHIO, FWH JF ¢ PRk ), IMDCRR, SFOR
2 PSIFTIU,PSIFNO SEOR
CAOVUCN JIMTO/NER, TyNT VAR (SN, LR (50) SEOR

COMMAN /RTMY/X]1P,y X2P ¢X3P s X4F,YIP,Y2P,¥Y3P,Y4P,71P,72P,723Py74P,PHI]1,SFOR

1 PHIZ WPHIZZPHI4,PSI1,PST2,PST2,PST4,CAYWI4),CRYW(4), SFOR
? COYW(G) 3 7PGI (4, TEGTI 4 )sPHEI(4),CPG(4)SPGL4),CTG(4) ,SFNR
3 STGULAY 4 CLGL(4) fERL(4),COG704),D1(4),D2(4),D2(4), SFro
4 VL1 (4) g XLM2 (4, XLM3(4),AMTX(3,2),CMTX(3,4),XGPP(4), SFOP
5 YGPD (4) 3 LGPP(4),DMATX(10s11)DFLTA(G),CER (4),CRR(4), SFOP
6 COR(A)ZFRIA)JHTI(A) FCUAY,TI(4) 42X (4),BX{4),CX14), SFOR
7 CTXGU4) yUGLA) g STXCI4 ), AY(4),RY(4),CY(4),CPYG(4), SFEN2
8 SPYG(4) 4VG(4) 4 PSTIP(4),PHICT(4),CAC(4Y,RC(4),(GC{4),SFTR
9 FCXUA4) o FCYUL4L )y FCTZUL4) FSU4L),CAXWIL) 4CPXWI4) ,CRXWIA)SFNR

COMON /DIMV/AS(4)Y 3RS (4),CS(4),CASTA),CRS(4)4CGS{4),RETPL4), SFOR
1 BETRR(4)FSXU(4) FSYU(4),FSZU(4) FRXIJ(4),FRYUL 4], SEOR
2 FRZU(4) 4FXUL4L)Y yFYU(4),F7UTL4) ,ST{4)yFIFI(2),FL1RIL2), SFOR
3 F2FI(2)4F2P1(2),CAH(4)CRH{4),CGH(4) SFNR

COMMON JCOMP/SUMM g THETMN yPHIN,PSINGPT yFADyGAML ¢ GAM2 y GAM3 (L MG, GAMS, SFOR
GAMA yGLMT, GAMR ,GAMG,, THETT ,PHIT,PSIT,A12,A22,7R0, TR(I2,SFNP
TFO2 4TI Z4RHD2 4OPHOMIP L AMUF 4 RMUP , ZPR,TM4 ,PHMP2 ,AN2APR, SFOR
NNZAPRYyRFTFE,TS24yRRTS,BROMUF ¢ XMUFN2 ,AXMEND XMTFENG, SENR
XTIR gRPTO G KHMR2 I, X IXP , X170, XIX7P,XIYZIP,D1PD2,D1ML2, SFOF
IRN3,7FN3P L7FD3R 4 7FN12,T122,TG61..DD1P2,0D1M2,RPR,PHRPSFNR
s TANT Py SPHTP,CPHTP ZSECTP ,SFXS,SFYSsSF7S,SNPS,SNTS, SFOR
SHPS Sy TP2,CAY sCRY yCGY yCAXyCBXyCEXySFY) 4SF XU SFYUF, SFAe
SEYYFR g SFZ)yCOSTH,SINTH ,COSPS,SIMNPS,CNSPH, SINPH,8NGL, SFNR
ANG2 GCPRT,SPHIZCPSTySPSTyP1yPT,P3,P4y05,06,TXyTY,T7 SFOK
COMMON /CIMP/TEH CTSTXy DISTY L ISTDGWDISTS$N21, 77 TAG,IFTA4D,IETA3, SFNe

O 0D~ 0D LN -

1 JETAZD,,SF71,ySHPHy SNTUyHCAHT ¢ HCGH2 yHCGHI HCGHG y TERMY, SFNE
? TESMD, SNPST)y SMNPY g HORH] ZHCBH?  HCRH3ZHCRBHG4, FCAHL yHCAHZ, SFNR
3 HEAH 2 HOAH LN WP 3 1JR yORGVP 4 PR ,P2,02,R2,V2 ,WN4POQ, PHIR2SFNP
4 P OHILDD2 ,PPHRD G GCTH¢HGSTHGGL TSP yOCTCP g XXX g YY Y, I X, 1Y, XX1,SFAR
S XX2 9 YYL,aYY2 3 THGL o THG? yPHAL 4 PHG2, 7714722, L 1L SFNR

COMMON /CMIMDNY/ T T2M14FRASP(4) s FECP{4) s MMEGT,ICRHIT,,JCRHIT, SFNP
1 NPSINT,TANPC 1, TANPC2,4,PHIC IP,PHIC2R AMUCMP,PHTILD, SFCR
2 PHIZ2C LOBLIG) s LCR2(4) 4 THTI T4 AIMTX{(3,43),8MTX(3,3), SFNR
3 SEPX(4),SFEY(4) (SFRZ(4),T1PSI,T2PSI XYYy SFMe

CAOMMAN/ZANTNL/ T s 20U341J43 V1 4V24V23, V4, WLy W2,W3,W4,y XTRA{ 300) SFQOQ

DIMENSICMN XP(4) 3¥P(4) 7P (4) PHTIT(4)PSIT(4),UT(4)VI(2)yWI(4) SFOR

FOUIVALRNCE (XPyXIP )y (YP Y1P) 4 (7P y21P) o (PHIT PHTY ), (PSTIT,PST1Y, SFNR
1 (T3 1) s VIV )y tWI,Wl) SFNe

EOUTVALENCE (o VAS(L)I o (Vo VAP (2)) o (WyVAR(3)),(P,VER(4)),(Q,VAF(S5))SFOR
1 2 (g VARLE) ) g (DFL Ly VARTTY ) (DELLIND,VAR(R) ) JIDEL? VAR (S)),SFNR
2 (DFL2CyVARCLIO) ) o (D=L3ZWWVAR(L1) ), (L=L3T, VAL 12Y), SFNpk
3 (PRHIR GVAR(L1R)) o (PHIRD,,VAR(14) ), (THETTO,v82 (15)), SFne

FIGURE B1. LISTING OF AS-MODIFIED SUBROUTINE SFORCE
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(OPHTTELVLZ(LAI )N f(PSTITP VAR (LT )y (XCPyVER{ 18]}, SEMR 59

(YFP Ve (1G] g (77PVAR(20)) 4 (PSIFT,WAF(21) ), SFNR 60

(2STF 1IN, VAP (22)) ) SErP 61

EOUTVALENCT (DU, (L) 4 (TV,ERI2) I, (0w, DEE(3) ), (DP,DEFR(4)), SFNR €2
(M3 m 2 {5) ) (NP NFRIE))L(NTFLLWNFR{TYYLUDNELLND, DER(B)ISFOR  A/=

LONTL I NEL(G9) ), (DDREL20, "ER({10) ) (NDEL3,DER(11)), SFNR 64

(NDTL2, M2 (172) ) (TOHIF,NER(12) ), (DPHIRR,CFER(14)), SENe 65

(ITHT TP (DK (15) )y (OPHITP,DEF(16)) ,(DPSITP,DERILIT) ), SFNP 66
(NXCO,OFS(18) ), (NYCP,NER(19) )4 (DZCP,NER(201) ), SFNR 67
(UFPSTELZN"E(21) by (DUPSFTL,DFF (22))  SFOR 68

DIy MGY DN YO [0 ~ SFOR 66
(CCTOAL LGCRL,I 08D SENR 70
rr)\“»vp"l/I‘J"T,’/A/’,Y’SP().ZFT".ZHHDoXVF ¢ XVR,YV,ZVT , VB, AKV, SIGR(II)'SFTSqu 71
WO L AMUR,, FD QY PSR, XM,EPST,NND, INDB,DELYRP, SEQR 72

NELTR, A, DATPPV(9), XINPT(100) SFOR 72

COmM T RAR TG fEN, TRHTI T, JRHI T, XCPMP(3),YCPNP(2),ZCPNP(3),XCPN(3), SFOR T4
YOCORNE3),2CPNT3) g AAL(L1T)oBPRLIIL1T)LCrLILT),FRILLT), SFNe 1%
AR201T7),882(17),CC2(1T7),RP2(1T7),CLtR,CRB,CGB,CABT, SFNR 7€

CRR T, CGHT yRF ¢ AR T yYR T, 7RT 4 XRB,YFR,7RB,BR2P(17), SFre 77

YROT, X AUN(ELT)y YNNM(LT )y ZNNILT)  XMTX(3,4),IDPT(17),IPT SFOR 78
y IMIND UMD (L7 )y UNP LT ) 4 WNP(17) V¥EX(4)y11,12,13,474, SFOR 75
XCOTP,YCPTP 7P TP,XCPRP,YCPEP,7JTLPRP,YCPMP,AINTIT, SFOR 80
ATHTF s SYB 4SYR4S72,SDEN,XRT 4 YRI4y2RIHyFRICT ,CFLRR, VTAN,SFOP 8]
FNP GFR PP, VRD,WRP 4 EPSLy XLDP,NELX,VL,NCYC,EEE ,ENRGYSFOR &2

SWEK,SPTNGY,DTSS, 1PN, ILCAC SFOP 81

NI NSTIOM TYIXPT(4) SFRR 34
{OUTVALENCE(ININXPT,TT) SFOR 85
COUTVALFNCE (YCIP,YCL1P) SFNR 8¢
FNIVALENTE (XTYO JXTRL(L) )y (SPHIC (XTRA(2) )4 (CPHIC,XTRA(3)) SFOK 87
CQUIVALTANC EINSTI G, XTRA(4)) SFNe  8R
ENYIVAL TNMCF (YROTEB,XTPA{T) ), (PCARVXTRA(B))y{PCRR,XTRPA(G)), SFNR 86
(PCORGXTEA(LIO)) 4(PPRByXTRA(L11)) 4 (CARL,XTRA(12)), SFNR 90

(TOA]1 W XTRA(13)),(CGRLXTRA(L14)),(RRL,XTRAI 15)) SFOrR 91l
COUTVELENCE(MUNLD XTRALLS) ) SFOR Q7?2
FOUTVALANCE(NLDCTR, XTPA(LT)) SFORP gz
COPTVALTNCE (tynNee XTRA(181),(PVDEF, XTRA(19)) SFOR G4
ENUTVELTNCS{PSZA XxTRA(20)) SFNR @5

CONMPON/PALSTR/ XSTIN(2) o YSTICE2)y ZSTIO(Z) 4 XSTI(Z),¥STI(2),2ZSTI(2),5F0R 96
YSTIPO(3)y XSTIP(3),YSTIP(3),ZSTIP(3),FNSTI(3),AKST(3)SFOP 97
COMMON/HEERPT/ FRAICF (4) yUUPT(4) ,WPT(4),WPT(4)

SEXS = () SENP  9R
Y20 = 0,0 SFQOR 9SG
STYS = 0.0 SFOR 100
SE7S = 0.0 SFNR 101
SNPS = .9 SFOR 102
SNTS = 0.0 SFNR 103
SNPSS = 0,0 SFNe 104
FNO= 040 SFNR 10°¢
13H1IT = 0 SE0R 105
IPLN = 0 SFNOR 107
MAXT S = 0 SFOR 108
FCINT = .U SFAR 10¢
VTAN = 0.t SFOR 110
VMAX(1) = G.0 SFOP 113
NSLOCF = ) SEOR 112
NUNLD =0 SFNR 112
NYNLNP=0 SFNR 114
YRIVE = 3,0 SFNR 115
TFEINDALE D g0) W ETLEN SFOR 11¢
The o (IMr2 sl y /7 SFOR 117

FIGURE B1. CONTINUED
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FIGURE B1. CONTINUED

89

D MM 1=1,2 SFNR
1xrpmo(v) s XCP AT TALT L) XCON (T ) 4AMTXLL 42 ) =YC PN (T ) 4AMT X (1,3 )% SFOR
7(‘9”([)
VODNE(T) = YOPEANTX(2,] )5KCOM(T) #AMTX (2,2 VRYCON(T ) 4AMT X (23 )% iigg
1 JUON(T) sEne
7O PUT) = 7008 ATX (2, L )EXC PN T) +AMTX( 3, 2 )2 YCON(T) +AMT X (3,2 )% SFNR
1 7ros(]) SFQ
vswrnﬂ(1)fvrw+ﬂw*xtﬁ.1)=x%'1ﬁ(1)+A~TX(2.2)*v9T1ﬁ(1)o»wrx¢2,2>*zs11§§2;
SRR ) SENR
1 FONT MY SENR
VOMAX = =1 )2 SFOP
AN S I=1,.3 SEOR
IF(YCOMPLT )l ToYRPMAX) 7 T & SFNR
YONSY = YO pupILT) SFNR
rOX o= ] SFNo
5 CINT TN SEOR
XCOTE = XOPeaMTX( 1y 1 )#XCPILI DX )#AMTX(L, 2)XYCPN(NDX) +AMTX( 1,3)%2VT SFOR
YOPTD = YO DIMTX( 241 )*XCPH (NDX J4EMTX(2,2) *YCPN INDX ) +AMTX(2, 3)*2VT SFQP
20PTE = 20 D+aMT X( v'l,L)*X(‘DH(HDY)GA‘J‘TX(?"2)*YCPN(P’DX)+LMTX(3,3)*ZVT SFOR
XFPRD = X DEAATX( 1, 1)=XCPH{NEX )+AMTXI1,2) *YCPNINDX ) +AMTX( 1, 3) *7VR SFOR
VEPRD = YrE4sMTX( 2, L) AXCON(NDX)¢AMTX(2,2) *YCPN(NDX ) +AMTX(2, A)2ZVR SFOR
7000 = TOPEAMTX( 2, L I=YOPNIMDY JAAMTX(3,2)2YCPNINMDX)+2MTX(3,3)1%7VB SFQOR
6 Y DUP = AMEXL{YCOTR,YCPRP) SFOR
15 (YPPO=YCPMP L T.8,0) IRHTIT=] SFNR
VDEF = AMAXL(YCOPMP-YRPTD,0,0) SFOR
IE (VDR LT 083 °0LY3P) 67 I 41 SEOR
[F (PN CINDR,Z) L T0,0) 50 T2 R SENR
7 CART = AMTX(3,1) SEDOR
CART = AMTX(%,2) SFAPR
CART = AMTX(2,3) SFOR
TMBE = 7RTP-20P SFOR
XRT = =AMTX( 1, 1)%xXCP-LMTX(?,1)*YCP+AMTX{3,1)=TMP SFOR
VAT = —2aTY(1,2 )8 XCP—AMTX(2,2) KYCP+AMTX(3,2)%xTMP SENK
79T = —AMTY(1,23)¢XCO—AMTX (2 43 ) RYCP+AMTX (3,3 )% TMD SFOR
£AT = XRTHCART4HYRT=CBAT+7STECGAT SENR
TUP = 7PAP-7rD SFNR
X7 = —AMTX{Llel)=ACP—AMTX (2,1 )%YCP+AMTX (3,1 )%TMP SFAR
YRR = —ANTX(1,2)oXCP=AMTX(Z 2 ) RYCP+AMTX( 3,2 )% TMP SENR
JHR = —AMTX(L1,3)5XCP=AMTX(2,2)%YCO4AMTX(3,3)%T™D SFNQ
SAn = XARFCART4YRBY(RIT4730%C GRT SFOR
ROCAP = IMTH(2,1) SFOR
fRY = AMTX(2,2) SFOR
FOA = AMTX(?,3) SFOR
TUD = YAPTR-yIP SFAR
ELTNTH™ L Ta?.03, CLRAXPCRA,F 0, CPR2PCAB) GO TO 80 SFOR
XRDPP = =AM TX(1,1) *XCP#AMTX(2,1)*TMP-AMTX (2,1} % 2CP SENR
YAPE = —A™TX(Lly2) #XCO4AVTX (2, 2 )4TMP—AMT X [3,2) %7(P SFOR
7RPD = —AMTX(1,2) SXCOHAMTX(2,3)3 TNP=AMTX (3,3)*2CP SFNR
ERPD = YARDD=C/ R 4+YEPPX(RA+7RPDRLAR SFOR
X4TX(1,1) = CAR SENR
XMTX(1,2) = £33 SFoP
YMTX(1,2) = R SF AR
XMTX(1l,4) = RADD SFOR
XATX(D,1) = PCAS SFQP
XVTX(?,2) = BCRRA SFNR
XATX(?43) = PrGR
XHMIX(P294) = PPrN 2’;9‘[’:
XRIXY (3,1) = SFNR
TTX( 2,2) = 0 SFOR
X'.'TX('«,‘-) - SFﬂP

118
119
120
121
122
123
124
125
126
127
128
126
130
131
132

32
134
135
136
137
138
139
140
141
142
143
144
145
14¢
147
148
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151
152
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154
155
156
157
158
159
160
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162
162
164
165
166
167
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166
176
171
172
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174
175
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COPRESENT LOCATICH

80

K1

78

79

X¥TX(3,4) = DS/®
FALL. ST¥SILUR¥TX, <9 341)

XAl = XMTY(1,4)
YR = XMTX(?,4)
7P1 = XMTX(2,4)

TF OUXVR L o XRLGAMNL o YBLeLZaXVF o BNND JARSIYR] ) (LT YVLANDZVTLLF .77
LLANP GZRL1.LFLZVR)Y ANAXTS = 1
TFANAXTSH0 0 AN VOT R LT PR SR AND o XB1oLToXVR) GO TE

TMPA = (QR%XP(AR-C CR¥DO( 4R
TMPR = CLBRkPCAR-C/RxP(RRA

TARC = CAR%P(xR-CRR*PLAR

TMPAP = TMDBx(A-TMPCA(RA
TMPRP ==TMPCxCAR-TMPAX( LR
TUMPCP =-TUDLx(FR-TMPRRCAR
74PN

CARL = TMPAP/TMDN
CRA] = TMDAE/TMPN
CGRL = TMRCP/TMPD

RRY] = XPRI*(CAR1+YRI=(CRP1+7R1*JGR]

YR1VF = 1.076h6

TF{CRRLNT,0,) Y IVE=(RRL-XVE=CLRL) /CRP]

DN 76 1=12,17
aA2(1) = CAR]
PR2(T) = CRH1
cc2e1) = CGP)
FR2(T) = B8]
CONTIMUE

NN RY I=1,3

SOS T(TMPAP ¢ 2+ TMDRPY ¥ + TMPCP%*2 )

AR HASDPCINTS TN SPACE FIXEN CNCROINATES

41

SENF
SFDR
SFOR
SFNR
SFOFR
SFNR
SFNFK
SErE
SEAR
SFOP
SER
SE0OF
SFNe
SFOR
SFAe
SFAR
sene
SENK
SFOP
SEOK
SFNER
SENOR
SFOR
SFCR
SFOR
SENR
SFNR
SFaR
SFOR

XSTIP(T)=XCO+AMTX (L 1) XSTI(T)4AMTX(1,2)2YSTI(TI)I+AMTXL],3)%2STI(TISEQR
YSTIP(TI=YCP+AMTX A2, 1= XSTTUI ) 4AMTX{2,2)*YSTTCT)+AMTX(2,3)%2STI(T)SFOR
TSTIP(T)=2CP+iMTX(3, LI»XSTIAT Y +AMTX(3,2)*YSTI(TII+2MTX(2,2)#7STI(1}SFOR

CONT INUE
Yyet = 0
7°1T = 0
AINTT =
SXF = 0
yrR = Q

= 0

AVAY

FREN=O,
SENST=Q.

MGFG = (YOPMP-YHRDTID)/DoLYRE41.0

IPLM=MNSFEG
Y3P=YRPTP+ 1P H¥NFLYARP
NSBTIL = NS=6G+1
Itwvy =1

N 23 T=1111,%S8hG111
TRLMNP=TPLN

PYRD=YRP

PREL RR=DF| RH

PP SXR=SXR

POSYR=SYR

PP</R=SIF

PSP N=SDIN

PEAX=FNX
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CONTINUED

SFNR
SFNR
SFOR
SFAQe
§ENR
SFQOR
SENR
SFNR
SFAR
SFNR
SFNR
SFNR
SFNR
SFOR
SC nge
SENK
SEQR
SFNR
SFOR
SFNe
=]’
SEMD
SFOF
SFrP
SFO&
SFN&
SFNR
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184
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14

10

11
1?2

13

15

PRNXL=FNX]

ODF1=E]

PEQEN=FREY

PSENST=SFNST

CEnST=(.

TELN = NSZG=1+]

YRP = YARTPLRILN={TLYNP

TEA(YRP L TY2PO#TRSL #SET AL X )57 TN 40

TUP = YRD-Yyr D

YHT = =T X(1, 1 )5 XCPeaTX {2, 1) xTHMO-24TX (2,1 )n /0P
YR = —fMTX(La2) xRN (2,2 V¥ THDAMTX (2, 2) %10 P
TRT = =AMT X( ], 3)XCPAMTX (2,3 )% TUD_ANMTX (2,3} %P
RPRAT = YHTSCA2+YA #0847 0] =( (1

IpT = 0

nno1s Jd=1,17

INPT(YY = 0

IF(PSTITLLT o3eQeANLadol 142160 TC 15
IFCININD LT 24NN JOTlL) A T 15

]

SEr]
SEnN
SFO
s
SEN)
SEN
SEN
S
SEN
S
SEN
SEN
SF
e
SEN
SFR
SF0
SFD

[F(CAR e EN N el NDe(JefNebe 8 el aINeB5eNRe)af0e10.0UPJFNGI1)IIGO T 15580

TEACRA N Geof Ml (1o LFe2e7%.Je%0e7e0PSQR)) GO TN 15
TF(CORaFTa0e AN N (e 02 TF JJaFNe b CF S EQ.09)) GO TN 1S
TFICARLACRA,INCHPL*CAR AND (J.E0 12T deEN13)) 61 TO 15
TE(CRRLECAR L ED JCHARLACER ANT ("N, 14,0% J.FI.15)) 60 TC 15
IF (G312 CAR R0, CARLTCHR AND )L, CNal6) A TN 15

TRE(MAXYT S Callo Nl o Ja5Tell) "GO T 15

XMTX (Le1) CAR
XMTX(L42) = CHF
XMTIX(143) = CAGR
XMTX(1ly4) = Fu]
XMTIX(2,1) = Aa1(J)
XATX(242) = 2R1(Y)
XMTX(?2,2) = CCY0J)
XMTIX(244) = 251())
XMTX(3,1) = 222(J)
XMTX(,2) = RA2(])
XMTX(3,2) = Cr2(4)
XMTIX(344) = RE2(0J)

CoLl SIMSOLIXMTX, 2,%,2)

XNNEJ)Y = XMTX(1,44)

YNN(J) XMTX(244)

INANCIY XMTX(344)

ICUXNNUI )G LTaXVP R XLNE YL OGT JXYF)Y GO TO 15
IF(ARSIYNYLI)) oRT YY) AT T 1S
[FO7M0I) LT 7VT L O GZNNES Y BT w7V AR GO T 15

TMmpTLyy = 1
10T = IPT+1}
tpeT =
CTNTINUE

IFCIPOT oLT oll e AND QINEXISoFQ ol AMNN YBIVFE (T, YV, AND, ININD.ENG2) )
0 TY 38

IF(MCO(CINNR,2),ED Q) AT T 73

[FACGR N Dl e AND JCSPT LN QO NYICT TO 23

€220 (1) = R3T
Lesp(2) = 072
ERPO(4) = RAT
RI2P(5) = REA
€RIP(7) = kAT
CR20(R) = 2ar
RP 20 (10) = =aT
FEOP(11) = ®pB
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16

17

170

18

171

172

FRgt1zy = AT

KR DY) = lwb

0T Pn(14) = ©127

2P (15) = ko

TOPPLle) = YET

Fo20(17) = 250

B 2z J=1,17

TE(PCIT L7 elleatl e ANME e oLz 0?2 )60 T7 22
IF{a™0a3.0% 05N Ah0R J.T0,G) G TC 22
'[_C(('[;Ri.C[‘_QT.'-").C(‘,G_&:\((’{}J" PRI | 'l:.().".qR.J.E().SOOPO\j.E'). 10.7F,
1 Je=0o11)) 50 T7T 22

IE(CRBPCRAT D ARG ART ANG () LlE 2e0FRaJeENT,NPL,J.ENG8)) GO T 272
TF(CLRE(CARI=(CHRAT - RAT=CER] )-C AR L% (CRR¥CART-CRAT*CGR) ¢ CART* (( RR%
] CCPI-CAPL2LGR) N DN JGRG12) GO TO 22

TR RF L2 otND L I0PT)MEL1) A2 TO 22

TFCINPTIL) ¥ Qel o2ANDINPT(?2) 01 ANDJFN14) G TC 1772
TE(INOTLT) a¥ Nl ANDLINPT(R) "Nl s ANTJJT015)Y GO TGO 173
TE(TINOT{4) o TV WANDLTNPT(S) "0V AND I FRLYIF) GO TN 172
TECTILPTILY ) eEN el NI LIUPTLIL) WFN,1ANDGJGEWLLT) GO TO 173
XMTX{(1,1) = AP

XMTYX (T ,2V = CRPR

XMTX(1,2) = 6K

X*TX(1,4) = 227

TC(JeNHEL1?2) AT T 170

XATX(?242) = HEL(J)

XATX(2,2) = CC1LOJD

XMTX(2,1) = 221())

XMTX{244) = <=2 1(J)

G TC 18

XMTX(2,1) = aL2(1)

XMTX(242) = 2P2())

XMTX(2,3) = CC2(J)

XMTIX(244) = R5204)

XMTIX(2,]1) = a7

XMTX(3,2) = 3247

XMTX(3,2) = CGRT
TE(LINPTLL)eTNa e AN ad e N al14) dNRLIICPT(4) et NalelbNDeJeELL16))
1 50 T2 171

TRFLLIIPT(R) TN 1o AND JeFD18) JCRG(IDPTI11).EQ L ANTWJLECLIT))
1 67 TY 172

XMTIX(3,4) = ER2P(J)

G TC 19

XMTX(3,4) = EHA

67 TO 19

XMTX2,4) = °AaT

CALL SIMSOTL{XMTXy343,3)

TEUXMTX( Ly 4) LT XV NF G XATX(1y4)aGTaXVE) GN TC 22
TE(ARSIXMTX{2,4)).ATYV) G0N TN 22 '
TFIXMTX(304)eL TaZ VT o 0Fa XMTX(344).5T,7V3) GO TT 22
TE(INPT(JY N2 .0) T 20

NPTy = 1
BECTANER A ATl |

TFLAPSIXYTX(244)) 55, 2R2S(7NN(Y))IGO TC 272

XANCD) = XMTX(1,4)

YAN(JY = XVIX(24e4)

IrMNEG)Y = XMIX(2,4)

6o T 22

1007y = C

10T = InT-}

CONT IR
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2086
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217
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1091

1

TELIRT I T.2) A7 T 7w
mE25  =ls17
TTLITRT(AN LT 0) G T 25

THD = Y= N Py i o700 (1 Y%ED
THEV = VEXNMOSYER =7 M 1) %P
TADwW = WeYR(J)RD XA JY k)

HNPEYY = AMTX(L 1 )*TMO A ATX(L 42 ) ¥TMPVEAMTX(],3)*TMDOW

VAIPLY) = AMTX( 2,11 TAD AT X(2 32 ) X TMPV4LNMTX (2 431 %TMPW
WMD) = AMTX(Z ) E T RAAT X (2 )R TMPYHANTX(3,3) 4T MDY
CONTINYF

2T J=1l.4

YMAX()) = -1.NI73)
"DXPTLg)Y = )

CONT INMYE

234 J=1,17

TREOIOPTO0)Y .T2.0) GO T 34
33 K=l,4
TFOYNPOYY LT yMaxtk)) 52 70 312
TR« S N,4) G T 22

W= K4

I | | =W1,4

Moo= 4L 4K

VA () = yMrx(2-1)
TANXDT(M) = IMDXOT(M=1)
CANTING T

VMEX(K) = vyaBR( L))

["OXP Ty = J

Ar TR T4

TOANTINUT
CONTINUYS
1T = 4
TELINAXPTL4) I D0) IPT = 3
J?2 = 113
JU o= 11
V2 = 12
J4d = T4

CALL ARTYE

D751 TJd=1,3

ENSTICTD)=Q. :
TEAYDTITI+ 1) .07 q) dO0JAND YSTIPO{TS ) GFE,YRP)Y FENSTI(I ) =
PRKSTIT )= (YSTIPR(T 4) - YRP)

SENST=SFNST+INSTI(T)

CoONT INF

TELIR,FNGL) A7 T 729

FMXL=AKVTOSLY1DRGCET

CAMX=F X1 #SENST

TEANSLOF JNF Q) R0 T 2na

PTLRA = AMAXLIIYRE-YPD),[PSL+SETADFELX)

CiLl NLODFRC

FRFN=FR=-FNX

TE(LPSR LT LFRFN)GI T3]

TO(TGE0L1)YEDTTLOG

TELRFREN,MT o) 1IGTTT105
IF(ARSIFRTN) L TL4PSIBRAFN))COTCLIOS

OZIMT YO0 g Tl o YAP,PYDP GFHX PREAX

BORMAT(TZ, 0 Tt B T4 12,13, YAP=1,F10.4,"' PYRP=',F]10.4,"
Ly

G135, PRNX=1 512,65, TOUILIN AT PRFV SLICE FESETY)
IoLM=1pLNp

Y2 0=pPYRPp

FOLABSD )R F 3
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SFNR24TI

SFNP
SFNR
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SFQe
SFOK
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SEOR
SFOR
SFOK
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SFrR
SFQR
SFOR
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SFNR
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40
40
40
40!
40
40!
40
40°
40/
40!
410
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SXR=PPSXR

SYR=PPSYR

S7R=PDOSZC

SOEN=PSNEN

FrX=PFNX

FNX1=PFNX]

FR3=PF3

SFNST=PSFNST

105 YRPT=AMLX]L (YRP,YBFO+PSL+SFT*OELX)
NSLCE = NSLCo+1
IF(NLDOCTR.ENLICALL NLOFL

NMLD2=0
[F(NUNLC .7 C.0)1G7Tr38
NYNLD2=1
GNTI110

38 CONT INUF

110 ono111 1i=1,2

IF(YSTIP(T))OTLYRPTIYSTIP(TSY=YARPT
Aa=XSTIP(TJ)-XLP

RR=YSTIP(TJ)-YCP

Cr=7STIPLIJ)-12CP
YSTI(TI)=ANTXUL g1 I=A04AMTX (2,1 )%3B3+AMTX(Z,1)*2C
YSTICTJU)=ANTX(L1,2 )xAA+AMTX (2,2 )k RREAMTX(2,2)%CC
ISTI(IJY=2ANMTX( 1,43 )*A04AMTX(2,3)ERBEAMTX(2,2)V*((C

111 CNNT INUE

TF(NUNLD2.A",0)67T7103
IF(NUNLDWNELQ) G0 T8 100
TR IR JNF. 1) 6O 77 50

45 N=GPT
LN 46
IFL vV

=0
J=1,1PT7
MAX(J) oLTe 0.0 ) NEGPT=NEGPT + 1

46 CONTINUE

IF{ NEGPT GFe IPT) GT TN 41
50 FN =8KVXDELYRP%RSLFEN

FA1=FN +SFNST
TFCININD,®Q.0) ININD =1
TF{ARSIFNL) «GT.100.ANDNUNLN,EQL.0) CALL RFESFRC
IF(NSLCE oFQ.0.ANDJIRLED.L) 6O T 103
IF(NSLCF.FQ.0) GO TD 100

103 TMP = YRPT-Y(P
ANUNLD2=0
XRPD = —AMTX{1l,1)2XCO#ANMTX (7, 1 )%XTMP-AMTX (3,1 )%2(P
YRPP = =2MTX{(142)3XCP4+EMTX{ 23215 TMP=AMTY (3,2)*7CP
JRPP = —AMTXI(1,3)AXCO+AMTX( 2,3 )*TMP-AMTX(3,3)%7CP
RR = XPPP*CAR + YRPPX(CRR 4+ JRDP¥*(GR
G) TC 2¢

100 IF(YRP,GT,.YRPD) KC TC 250
YRPT = YRDP(
FR = 1.0
GC 7T 103

250 MUNLD = NUMNT+]
NSGITI1 = NSGLlil+?
1111 = NSGR111
G) T7 9

29 NYNLD = 0

DCTP e EN G2 AN TPT G0 o 3IWRITZ (641000 ToXR1,YRL,IPT,,J1,J2, .43,

41 TF(NL
i
2

1000~FHGWA
NLDCT
RF TR
END

Ja g XANCIT ) YNUEIL) o 7NN I ) o XNN(J2) 3 YNN(J2) 2 7NN TJ2)
XNNCJT ) g YNBES3 Y, 7NN C33 ), YNNG 4 ), YNNI J4) , 78N 1J4)
TUFT7.4,2FTa14573,1255.1)
R = NLNCTP+1
N
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STNSE - VI IrLE 2C0T0RTHT SIMULATINN - SURRSCYTINET NLDFL NL
SURR TN DR : NL
COMMONZIND T/PHT O THTTA) W PST0,P0,00,F0, XCOP,YCOP, 2C0PUO WO WO A ,RyNL

1 CaLINeDI L2005 L20,PHIRD G DFLLIO0D,DFL20D,DEL30ON,OHIR QN , TENL]
7 g TE g/ F 70 gt H Y PRy AK T STGT W XLEMT L A1 yA2,4 A3 ,AKRS, LMy, XMUQ'NL_:_
3 XS g XMUF g XIX g XTY X T7 g XIX7 o F g AKF g XLAMFE qMEGF oL FP,FPSF G NL
4 PF GO0 g ERRGXLAME qOMESP G CRP, CR QR ¢RP 3 TSy THMAX 4, DTLOMP 4, T, NL
5 TLoNTOMUL ,DTPENT, MITNE (EBAS  FM L AA HMAX ,HMTIN,BTT, G, NL T
) HA (26 ) gUADF(2) o XTRy X1 9 Y1y 713 X2,¥2,72,PHICTISOYV,NELAR,  NLN
7 TRy TLTLWNDFE g PSTRE(SU e TOR(SOQ) s TOF(50),78,7,TINCR, ML
A XPTPYLLO) g YRORY (10D 3 Z0P (21 422) y THG(21 4200, PHIG(Z1 4210 4NLY
9 XB g XT g X TNCR QMY g YO g YTy YTIMOR g NY ¢ NRX g NRY y HHVAM TN, POIMTN NL
COMUONZINPTYL/YO LD WYC2P G 1IN 2P 4O LTC 4 PHIM L, PHIC2 JAMC,FID (35 ), XIPS, NLA
1 CPSP,OMADS  AKP S, E PSP Sy XPS,PWHIR,RWHJE P WHJ,, INDCPR, N
? PSIF10,PSTFNO NL

COMMON JINTO/ZHe O, TyiTHZVES(B50) ,ER (50) NL{

COMUON /I MY/XLP, X2P o X270y X4P 3y Y]1P 3 Y2P 3 Y3P 4 Y4P 4710, 72P472P, 74P, PHIT 4 ML

1 PHIZ yPHIZ4PHI4,PST14PSI2,PST3,°S14,CAYW(4),CRYW(4A), NLY
2 COYWIL) 4 7P0NT(4)y THLRI(4),PHOT (4),CPOL4) ,SPG(4),CTGL4)NL
3 STGL4A) yCAGT14) 4, CRGZ(G),CHRGZ1L4)N1LLY,D204),NZ{4), LY
4 X¥LMLEA) o XLM2 (&), XLM3 (4),2MTX(3,3),CMTX(3,4),XGCPP(4), NLY
5 YCPP{4),215PP(4),DVATX(10,411)DELTA{4),CAR(4)CFR(4), NLO
A CORUA) 4 FRIAY HI(LA )y FC(4), TI(4),AX(4)9BX(4),CX{ ), MLg
7 CTXGE4) o 15(4) 3 STXG(4) ,AY(4) 4 RY(4),CY (4),CPYGL4)Y, ML
R SPYG(4) 4 VG(4),PSTIPL4), PHI(I(4),(IC|4).CRC(Ai,(CC(A).NLG
G FOXUL4) o FCY (L), FCZULA), Fﬁ(k)-CAXN(4)vCRXW(4)yCGXH(4)NLﬁ
COMMAN /TTMY /LS04 RSL4),CS(4) CBS(4)CRS(4),CRST4),RETP(4), NLq
1 BETRE(4)FSXUL4Y,FSYU( L), FS7ULL) ,FREXIJL4), FRYU(4), NLY
2 FRZU(4) s FXJ04) 3 FYULA) 4 FTU(4)»ST(4) o FLIFI(2),F1K1(02)y NLT
3 FR2EI(2),F251(2),CAH(4) CRH{4),COHI4) NLA

COMMEN JCOMD/SUMN G THETN g PHIN, PSTNGPI FAD, GAMYy GAMD y GAM2,GAM4, GAMS { NLD
CAVMA G GAMT yGAMB (GAMO THETT , PHITLPSIT A 1L2,A23,7P0y TRN2,NL"
TEN2 3 TIZyRHI2 ZRHNMIP (L MUF (BRMUR 4 Z2PR , TM4 ,RHNK2 ,AI2APR, NLQ
RE2APR,2FTF,TSC2yRRTSyRROMUR ( XMIJF(Q2y AXMF 2 XMTF( 4, NLG
YT72 qRTR GRHMR2 T, X IXP ¢ XIZP XTI XIPyXIYZP,M1PLC2,M1MNZ, NLE
7ENZ G JFN2AR G7FLAR L IFD12,T172,T7G61,DD1P2,N1M2,RPR4PHFONLC
TAMTP  SPHTPZCPETFE 4ySECTP ¢SFXSySFYSGSFZS SNPS, SNTS, NLT
SMPS Sy TPR, CAY s CBY yCRY yCAXGCRXCOXySFYY,SFXL,SFYUF, NLC
SFYSFySEZUGCOSTHYySINTH,COSPSy SIMNPS,CO-SPHy SINPHZANGYy NLE
ANG2 GyCPHI G SOHT O PST o SPST4P1,FPT4P3,P4,PS5,PEL,TX,TY,T? NLT
COMMPR /NP /TEH  LISTXyISTY N ISTNGDISTS D21 472STAL G 2IFT24D 425742, NLT

O DV NN P NN

1 TETA2Dy SFI1aSNOY o SMNTII HCGHL y HOGH2 g HO GH3, HOGH4,, TEP ML, NLT
2 TTEMP, SMNPSU,y SNPT G HCAHL JHCRH2 yHORH3 JHCRHL o HCUHL y HOAH2 G NLT
2 HO P ARG HOAHSL 3 D oWP 12 4 QR G, VP PR,P2,02,F 2,VR (WD ,POy PHIR2NL(
4 s PHICE?2 4 QPHEN G GCTH OSTHIGOTSP o GCTCP o XXX oYY Y, TX, 1Y, XX1oNL'
5 XX2 3 YY1aYY2,THGL s THG24PHGL 4 PHE? 4 771,7722,L LL NLS
COMMON JCOMPN/S CMTOMT FRSPI4), FRCP( &), OIMEGT, ICRBRHT T, JCRHIT, NLT
1 TPSIMT,TANCT YL, TANPC2,PHICLF,PHTIC2R, AMJCL MO, PHTLD, NL!
2 D'«{T"[‘,[f'ﬂ"(1¢)'LCR’)(I.),IHIT,/‘]MTX(E,")'RVTX(B,‘_%), NL!
2 SEeX{4)y SFRY (4) 4SFRZ(4),T1PST, T20ST, XMt mL!
COMMONZADTAL 2701020344V oV2 3 V34 V4 WL o W2 403 4 Wa , XTRAL30N) ML
DINMEHSTON XP(4) o YPL4A)ZP LAY PHIT(4),PSTTL4),,UT{4),VI(4),WI(4) NLY
FOUIVALEMCY (XPoeX1PY (Y PY1D), (ZPy21P)y (PHIT,PHIL),(PSTI,PSI1), NL!
1 (UTWU1) o (VT VT ) o (WT,yWl) NL!

FOQUIVEALENCE (U VAT ) )y (VG VAR T2}y W, VAF(3) ), (P, VARI4) ) (N, VAP(S)INLI

1 s (CRVAR(O)) o (DTL Ly VARITI)Z(RELID,VAR(RY) G (DL 2, VAR (9) )y NLI
? (OEL2D,VAFL10) ), (NEL3,L,VARILI 1)) L, (NELIN,VAR(LIZ) ), NL:
3 (PHTE ZVARIL3) ), (PHIRDVAR(14) ), (THETTP ,VAK{15)1}, NLI
4 (FHTTP,VAR(L6)) 4 {PSITP,VEP (LT )Y, (XCP,VAR(L1R)), NL

FIGURE B2. LISTING OF AS-MODIFIED SUBROUTINE NLDFL
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(YEP VAT (1GY) ,(7CP VAR(20)}),(PSTIFTI,VAR(21)),

(PSTFIDVAE(22))

CONTYRL T Ry NPR L)) G (DV,DEF(2) )y (DW,IFR(3) ), (DPyNFR(4)),

NLDF
NLNF
NLDF

(LR IBI o (THGIERIE) )y (DOEL Ly DER(T) ) (DDFLID, CERIB)INLDF

(DN L 2,DEE(9) ), (NNEL2D,NZF(10)) {CCEL3,CFE (11 ),
(DDTLEN,RERLL2V ), (DPHIRLDER(13) ),y (LPHIRD,DEF(14)),
(DTHTTPLDEF(L15) )y (CPHITP,OFF(16)},(DPSITP,NER(LT) ),
(OXCPZDER(LR) )2 (DYCPyDER(LIC) } 4 (ND2CP,NERL20)),
(OPSTFILO0R(21)),(DDPSFI,0ER(22))

PIHTAST Y YCIR(?)
TOUTVALENCT (YCIP,Y(CLP)

FONMTVALENCT (XTIVR  XTRA( L)Y 4 (SPRTICXTEA(2) Y, (CPHIC, XTKL( 2))

CAIYEl THCE (YRDTPXTRA(T) ) y(PLLR,XTRA(R) ), (PCRR,XTFA(9)),
(PCGR GJXTRA(IND)) J(PPPRXTIA(LL))W(CARL,XTEA(L2)),
(CHR3L L XTRACIZY )N, (CGRLXTRA(L4) ), (RRLyXTFA(15))

EOYTVAL=MCE(NGMLD WX TRA(LA))
FOUTV L SN T (MLTOTC, XTRA(LT) )

SOUIVLALEPCY (VDTIFZ,XTRA(18)) 4 (PVYIEF,XTRAL19))

LOGICAL LCRY 4 0R2

NLDF
NLDF
NLDF
KL DF
NENF
NLDF
NLDF
NLNDF
NLDF
MLDF
NLDF
NLDF
NLDF
NLDF
MLDF

COMYAN/THDTID /P4 YA G JRTP 4 7BRP ¢ XVF 3 XVE 4 YV 4 7VT 4, ZVR 4 AKV,,SIGPL11),SETNLNF

sy CONS G AMUR, EPSY ,50S8, XM, EPST ,DDD,y INPRyDELYRP,
IFLTR, L0y DATCRV(S), XINPT(100)

(OMMEN 0Ll TR /N, [3HTT, JRHIT, XCPNP(3),YCPMNPIR),7CPNP(2),4XCPN(3),
YOORN(2R),Z7CPNI3) o 2A1(17)4BBL(173,CCL01T7)yRRLLLTY),
AL2017)4HB2L1I 1) ,CL2(1T7),FR2(17) 4CARLCRR,CGCR,CABT,
CHBT,CGRT,RR, XRT ,YBT,7RT , XRR,YRR,ZRR,RE2P(17),

NLNF
NLDF
NLOF
NLDF
NLDF
NLNF

YAOT G XNN{LT) g YMNM(LT) o ZNN(LT) o XMTX(394), ICPT(17),IPT NLDF

s INIMD GUNF(LT) VNPLL1T),WNP(L1T7),VMAX(4),11,12,132,14,
XCPTP,YCPTP,2CPTP,XCPRP,YCPRP,ZCPRO,YCPMDLAINTI,

NLDF
NLDF

ATMNTD y SXR 4 SYR 4S7RySNENWXRT 4 YRI 7RI FRICT ,ELRR, VTAN,NLOF
FUD g FRGIJRP Gy VR Py WP 4 EPSL o XLDPyDFLX VL ML YC ,SFF sENRGY ,NLDF

SaNPK ¢ SPENGYy CISS,IPLN,TLCAD

COMMOA/HADND T/ COTCF(4) 4 UPT(4) yVPT(4),WPT(4)

PIMONSTITN IMOXPT(4)
TOUIVAL "NT S (TNDXD T, 1 1)

RE L=l ALIML/YUYPPER /G LLTIM2/LOWTERY /XL IM
EOUTVALTNGT (XF,XTRA(5)), (RELBRP, XTRA(SKY})
WRITZ{6,500) YRIFT ,,YRPTP,DILRP

FOONATI /3T 2y tNLDTLY 2%, TF12 46,4 /)

XL P = VMAXI1]

VSIGN = 0.0

YMAXT]1 = (YRDT=Y3PTP)/OT
IF(ARS(VMAXIL1) oL T 0e0U1) VMAXIL = 0.0
VMAX(1) = vMAX1l

XL = NFLRR
CpCO = DS
XVLP = Vi

VL = XL=-PSL
FPo= SIGR(1)
XX = VL

YY = VPT{(1)
neo65 I1=2,6

J = 1+5

FR = FR&SIC2(IVXX+SIGR ) =YY
XX = XXV

YY = YV*rYPT(1])
CONT [N

Lcan = g
[RLAAR e

FMNEOY = (XF#F2)x(VL4+EPS)I~EPSP=XVLP)/2.0

FIGURE B2. CONTINUED
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NLDF

NLDF
NLDF
NLDF
NLOF
NLODF
NLDF
NLDF
NLNF
MNLDF
NLDF
NLDE
NLDF
NLOF
NLDF
NLDF
NL OF
NLDF
NLDF
NLDF
NLNF
NLPF
NL DF
NLOF
NLDF
NLLOF
NLDF
NLDF

56
60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
1¢
77
738
79
80
81
R2
R3
84
85
86
87
38
86
90

91
92
93
94
95
96
97
98
96

994

100

107

108

109



15
300
400

16

17

16

100
70

EMROY = S ESY4ONGY

F_pL = [»MCY

FMT = 0,0

6YTR 1Y

MY = FNGY

EPL = (0.0

FPF = #8740 INSTPL4FM]
XF = FR

WRITIELE 40060 FRYUPSLEHDEL X, CNOyCOLyCDZyVSIGN,NELRALILNAT

FORMAT(/ 42X« 8F 1040 2Xy 1247 )
RE TR
CNTRY N DEQ2(C

Wl = DFLER-FPSL
TF(ILNLNMNELOIGY TN 16

XX = Wi

YY = VPT(1)

FR = SIGF(1)

Nt 18 I=2,6

J = 1+%

FB = FReSICRITI*X+SIGRIJ)I®YY
XX = XX*=Wl

YY = YY*VYDT(])

CONT INUF

6N TN 20

ITFIWL-SIUTACILX.GT 400160 T 100
FR = 0,0

RETURN

FR = (N04CT1I=wL +CD2xWL3#2

FR = AYMAXL(FR,0.0)

R TURN

tND

FIGURE B2.
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Jack Winslow Body Shop

COMPLETE BODY WORK « WRECKS RE-BUILT » WRECKER SERVICE

HIGHWAY 6 5. AT GRAHAM RD.

JACK
JACK

WINSLOW, Sr.
WINSLOW, Jr.

PHONE 846-1415

— P 0. BOX 9085
85 N hHFIS. PARTS | NET
COLLEGE STATION, TEXAS 77840 Quarter R,
N [Quarter L. gy ()
. N Quarter Ext.
JU—— M \Z)J.‘ / Mouiding
OWNE R — DATE 3 Onas J-O
L4
ADORESS - PHONE S E -
YEAR MAKE BODY STVLE Rocker Pal
- S S Mouliding
MILE AGE LICENSE NO IDENTIFICATION NO. —— -
APPRAISED FOR APPRAISE R CentrPost |
S [Ooo g WU 1
) TINT
FRONT HRS.[YPARTS| NET HRS. |[IPARTS| NET Glass
4 'i > ‘ Cl_L__"V r————»—L————-
/. {Bumper fal - Battery e Door Handle )
Arms Aenal Mouiding J[
Guard | ;Hvadi.imp |
Guard Rai B B VR TR . 2 4 ] S
—[Grovel Guard S VR CCTL S X X 15 BN SO S S
Retainer Door
I [ . JE— — E — v
| PREAR SN S T v o ] fGes (Mtha !
Bumper j Park'g Lamp O\-} -771 B Door Handle ]
Arms —T Siude Ldmp i . Mouiding J
Guard e o [ R - VD CE S
Guard Ral I Ta Light LA g o 1 B
License Lt
Frame Horn i Trunk Lid,
Hinge
L Wheel
/ |GriiPanel UKD Hub Cap Medal!ion
Moulding FRONT SUSP. 4
Hub & Drum Lower Panel 7__0__” |I
/ Medallion g ? L (\ . Knuckle fFloor U R | I
Extension - UpCont. Arm Shaft 7 L
. — I | IR S S - Ko -
T ] Jticontamshar B T I
Radiat'r Core ] Ball Joints Seat Ad) —
Core Supp'rt . \ 1
Core Battle Frt. System Painting | ,Q j U
Fan Tie Rod Under Coat B i
Water Pump Drag Link GROSS TOTAL 1
Hose Steer’'g Gear LABO HRS __ -; <: (
Steer'g Whee! w*] Lo ﬂ
PARTS ] -
| Aircond. ] Horn Ring LESS %($ s X}/ -3
Condenser Tie 4=
T o NET
Receiver .} [ __‘F,, 2[. .‘K‘J_
Line REAR SUSP. TAX
—— — (/-
g I DR O ] - —4
H Hood WRECKER
Hood Mould’'g Eng. Trans & Fuel F TOTAL =/ ~ 7 é,,
Hood Lock Pit. | B e z
Hood Hinges ] T = T~ |LESS DEPRECIATION 1
Medallion Motor Supp’t NET TOTAL
Tait Pipe -
ON AUTHORIZATION BY OWNEH, WE AGREE
Fender L O20oh | [GesTak TO COMPLETE AND GUARANTEE REPAIRS
| Mouiding AS PER APPRAISAL.
Name Plate
/. Skirt D “al - G l'LD Windsh'Id GARAGE
j Moulding ACCEPTED BY _ -
Fender Moulding
Moulding Code: A Align 1-2-New
Name Plate Top o __ JOH-Overhaul S-Straighten
r Skirt R Reparr
O A Il OR A O OR REPAIR

FIGURE C1.

(60 MPH/8 DEGREES)
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Jack Winslow Body Shop

COMPLETE BODY WORK » WRECKS RE-BUILT » WRECKER SERVICE

JACK WINSLOW, Sr.
JACK WINSLOW, Jr.

PHONE 846-1415

FIGURE C2.

REPAIR COSTS, MB-2 AUTOMOBILE

(63.4 MPH/14.7 DEGREES)
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HIGHWAY 6 S. AT GRAHAM RD. — P. O BOX 9085
HRS. ||lPARTS | NET
COLLEGE STATION, TEXAS 77840 e R OOEER] L | T
Guarver IR, (/2 667
. Quarter Ext. T
| | Yuarter AN | S U
}L /j = l- Moulcyng 4
OWNER T DATE 3| A ATl
ANNRESS PHONE — —t
YEAR MAKE BODY STYLE Rocker Pnil
Mouiding
MILEAGE LICENSE NO IDENTIFICATION NO.
APPRAISED FOR: APPRATSE R _ Jcenvipo -:
J{ooer pt DAY 70¥
FRONT HRS [l PARTS | NET 1 HRS. HlPAaRTY| NET Glass i an b
7 Bumper v, In) )ﬂ Battery Door Handle i T
e v A S JpEantry S S . 1 U S
1 Arms 1 2.0 4Aenal T Moulding
S bl R T i e e : - = NS
Guard " WAL RN PR E W 7o B ZE 5
Guard Rail ] |Door Z] CI‘/J 0 —y
ne B G | S —- e > . [ S L
/ |Gravel Guard !, 5 /mr Sealed Beam :
v 4 Retainer Door
5 SRR V2 Sk R 1
REAR - R PV SR B LAY ¥.Y:)
Bumper I Park’g Lamp F l 73(‘ Door Handle
Arms o Side Lamp ’ Moulding
Guard ~
Guard Ratl Tail Light
License Lt
S Frame P D Horn Trunk Lid
Hinge
] wheel 3 )
Grili Panet Hub Cap 7 Medailion
Moulding FRONT SUSP. il
/ |Hub & Drum O Lower Panel _ i
Medallion / | Knuckle AY q“ Floor 1
Extension ] [upCont.Arm-shati] ™ T ¥K B
[ | Lr.Cont. Arm-Shatt RV Seat ] I
Radiat'r Core Ball Joints ' Seat Ad)
Core Supp'rt
Core Batt! Fri Syst P a'! U
ore Battle \ r ystem o Q\X XL ainting /_"\
Fan / Tre Rod - | Under Coat H
Water Pump s 7 Drag Link GROSS TOTAL
Hose Steer'g Gear - . T
: 9 LABORBy > QHRs. (o iy 3, |/ D
teer'g Wheel PART £
Air Cond. Horn Ring LESS%,/Q i’/% $ 7V, !/
Condenser ) | Twe g’ . 7 -
Receiver TRIVAA ;ﬁ"f: ’l$ NET SY WA
Line " [ReaR susP. BN ~ lrax 4 21/
Hood WRECKER o )
Hood Mouid’g Eng.Trans. & Fuel TOTAL 5 -
Hood Lock Pit. e le)’ o/ 2
Hood Hinges LESS DEPRECIATION
Medallion Motor Supp’t NET TOTAL
Taul Pioe ZATION BY OWNER AGREE
) ON AUTHORIZAT! Y OW . WE
[ _[Fender 7~ o727 _ | Ges Tank TO COMPLETE AND GUARANTEE REPAIRS
/ [Moulding <139 \ AS PER APPRAISAL.
" | Name Plate i lt w2k B, 0
/ Skirt ﬂ_ 3 P“.g 8] 4 Windsh'ld Al a4 GARAGE
v o Moulding ACCEPTED BY
Fender Mouiding
Moulding ] ~ Code: A-Align 1-2-New
Name Plate 4 Top OH-Overhaul S-Straightes:
[ Skirt R-Repair
O A A OR ) OR REPAIR



Jack Winslow Body Shop

COMPLETE BODY WORK « WRECKS RE-BUILT « WRECKER SERVICE

JACK WINSLOW, Sr.
JACK WINSLOW, Jr.

PHONE 846-1415
HIGHWAY 6 S. AT GRAHAM RD. — P. 0. BOX 9085
HRS. || PARTS NET
COLLEGE STATION, TEXAS 77840 Quarter R -
' Ne [Quarter L. QUTERB Y O
. Quarter Ext.
T 4/ Mouiding —
OWNE R DATE
ADORESS - PHONE — - SRS D | .
YEAR ~ MAKE T 7Teoebvsivee . T T Rocker Pi -
e e —- R, F Mouldu;;—_- B R R
MILE AGE LICENSE NO TDENTIHICATION NO e - - P ————
APPRAISED FOR: 7 B APPRAISER. T T T T Cent'r P()W_ _ 4/_— B _:—__—_
T [0 777 Y0 -
FRONT HRs || PRTS| NET HRrs. |lpanty]| NeT Glass S
) |Bumper / NN g _ |Battery - Door Handle | T
7 ] [arms L) | JAena T 1771 T™oulang YT
o L) - —— 0 — S
Guard ’ J [Headlamp ) ]__i .?['70 N N I
Guard Rail 4 | Door o il 4 f’ I S R S
Gravel Gyard " | Se_olg Beam T
] LL},E Q3 (2L Retainer \: 0001}7 (g /' 3
7 Hean ) R | e A {lﬂ; o ]
Bumper / |Park’g Lamp \3 % ? I _| Door Handle 1
Arms Side Lamp Moulding
Guard - i
Guard Rail Tast Light T 1T 71
/ Vale"—4 " 0Al License Lt
/ Framg\/rh ;U . 4‘ Y00 Horn Ly Trunk Lid
41) !{ ‘,‘:::_* < ‘)J-J“ / /J..\ m_ — 3 Hinge
1 /s Y /4 64 T [whee 3
Grill Panel }‘{[L‘ [ Hub Cap — ‘? [3) Medallion
Moulding FRONT SUSP. ” R
{|Hub & Drum Lower Panel "
Medallion 1 Knuckle R C;(IL Floor i
Extension ] | UpCont.Arm-Shaft ey (5 _ . ]
- _..] ) {Lr.Cont.Arm Shatt 34V L) Seat S S
/ [Radiat'r Core NIKd oy Ball Joints ’ Seat Adj.
<[ Core Supp'rt ) - Bl - B T r— ’
Core Baftle h A Fri System ]\ [Pernting E J ) Z v
/ |Fan x4 " 42| Tre Rod Under Coat
M Water Pump ‘ / | Orag Link GROSS TOTAL T I-
Hose v Steer'g Gear LABOFQ,J( \SHRS. f‘;"\'%g?{ 7 0
Steer'g Wheel 2 = -
PARTS -
Air Cond. Horn Ring LESS %S $ g b g
Condenser 4 [Tore 24V 7 -
Receiver r NEY </ 2.6 A\
Line REAR SUSP. ) B TAX E! g gi
_J|Hood /8 UT T fweecken )
r T
Hood Mouid'g Eng.Trans. & Fuel
Hood Lock Pit. T e e TOTA—L qf} 51‘} l
Hood Hinges LESS DEPRECIATION
Medallion Motor Suppt I |/ L O NET TOTAL
L, Tai Pipe B _
7 [Fender hW748Y ~[Gas Tank PO COMPLETE AND GUARANTEE REPAIRS
Moulding e 44 |As PER APPRAISAL.
Name Plaze /
T 525t YAK )Ry Windsh'ld GARAGE
iy Y : O\ Moulding ACCEPTED BY
Fender Moulding
Moulding Code: A-Align 1-2-New
77 TName Piate Too T |oH-overnaul S-Straighten
[ Skirt

R-Repair
THIS IS NOT AN AUTHORIZATION FOR REPAVIRS

FIGURE C3. REPAIR COSTS, T4-1 AUTOMARILE
(57.3 MPH/25 DEGREES)
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Jack Winslow Body Shop

COMPLETE BODY WORK « WRECKS RE-BUILT « WRECKER SERVICE
HIGHWAY 6 S. AT GRAHAM RD.

— P O BOX 9085

JACK WINSLOW, Sr.
JACK WINSLOW, Jr.

PHONE 846-1415

FIRURE C4.

. HRS. [PARTS [ NET
COLLEGE STATIiON, TEXAS 778490 Quarter R HR"“"" T e
arier 2 | —
) Quarter L. QUTERES
{Quarter £xt. ‘}
__ 2| Moudng g T332,
OWNE R DATE .
A F—— e e e
55 PHONE R -
L 7 ]
‘é (Ko . F 4
AR MAK BODY STYLE Rocker Pl
.Cf_{’ — Moulding
MILEAGE LICENSE NO 1DEN i 1F) NO.
APPRAISED FOR APPRATSE R h Cent's Post I /
NI | <
S | Door Ry I/
| FRONT HRS | PARTS] NET | o . _MRs gipART L] NET | Grass EAL
1 Bumper a mr‘ 1 Battery Door Hdndle o
B 1'_NArAms. . 7/ | 7 Taer 19l T - B ) Mould;\gm B
of T ] ‘;‘gﬂ i SRR SR Shiin: P ] 4o X
Guard Hoadl :mv L
Guard Rail - 099'; 1 1L S D G
Gravel Guard Sealed Beam o -
> 4 =
, Retainer I
dacl T |
EA 1o ol . R
Bumper Park’ 9 Lamp i Door Han dI 1
- § IR SN St SO
Arms R Side Lamp Moulding i
Guard . S S | ~ _
Guard Rail Tavl Light
N License L.t.
5 Frame g E‘ " Horn Trunk Lid -
T / Hinge ]
Whee! d (, h T
Grill Panel Hub Cap o Medallion T
Moulding FRONT SUSP. . 0 G S B
Hub & Drum . Lower Panel |'L
Medallion Knuckle Floor
Extension UpCont.Arm-Shaft 7‘L B B [ A B
_ T Jucont Acm shate , R
Radiat'r Core Ball Joints !
Core Supp'rt . I ” -
N . . RN DR | e
Core Batfle ' R Fri. System “Z Painting jl, A /ézp/l)
Fan ""TTie Rod Under Coat b
Water Pump Drag Link GROSS TOTAL T A
Hose Steer’g Gear T z : ;
LABOR HRS. NUES p
Steer’'g Wheel PARTS}J L’ e ' NS 2 &é._()_
Air Cond. Horn Ring LESS %lg is QZ/é 2 - 0
Condenser Tire o e B T
Recewer NET L__‘ <S' f_é’\‘l
Line REAR SUSP, S | . TAX ! i 2;
S Thooa T WRECKER
b
Hood Mould'g Eng.Trans & Fuel ) TOTAL 4 /‘
Hood Lock Pit. | D e e e e —[
[ [rood vinges 7 | N7 (. LESS DEPRECIATION
Medallion 4 T Motor Supp't NET TOTAL -
Tail Pipe N
= K = "10ON AUTHORIZATION BY OWNE, WE AGREE
[ | Fender v RANNZY L] | Gas Tank -JTO COMPLETE AND GUARANTEE REPAIRS
Moulding AS PER APPRAISAL.
Name Plate N 5
[BETE:N BV Windsh'ld GARAGE -
4 v [ M Moulding ACCEPTED BY: . B
Fender Moulding
Moulding Code: A-Align 1-2-New
Name Plate Top OH-Overhaul S-Straighten
Skirt R-Repair
O A A R A O PAIR

REPAIR COSTS, CMB-3 AUTOMOBILFE
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N JACK WINSLOW, Sr.
JﬂCk W|nS|°w BOdy Shop JACK WINSLOW, Jr.
COMPLETE BODY WORK % WRECKS RE-BUILT » WRECKER SERVICE PHONE 846.1415

HIGHWAY 6 S. AT GRAHAM RD. — P 0. BOX 9085 -
~ |HRS. | PARTS | |
COLLEGE STATION, TEXAS 77840 Qua"e,alﬂﬂiﬂﬂ‘
NS | Quarter L%&i 4 D
Quarter Ext.
I Moulding \‘, YA
OWNE R DATE '
v .Y n/ PHONE
RESS I S ———
VEAR MAKE BODY STYLE_ NS | Rocker Pul \
PR, (L ﬁ? U </ . Moulding ~
MILEAGE LICENSE NO IDENTIFICATION NO s et A
. - — ———
APPRAISLD FOR R APPRAILE R - - Cent’t Put L
[)n_(n_H 7 & (J ) _
FRONT [nrsfiparts] nut | o frwsdleaianp e | TG @G T
- |Bumper FM AQC . { . Battery 7__} o B | Door Handle o
I~ {Arms ' 4@1) ) Aerial Moulding
Guard i |/ [Hradlamy Y O.ijwd : N { e j_
Guard Rail D
vadRal | o o , Jpd. R
7/ |Gravel Guard P ) Sealed Beam 1
Re v N o I VA 4
mry 1 O B I o 1 0 Y A
EAR - I O oAb LGl likar] |
Bumper Park’'g Lampr :\ )? (j Door Handie T ﬁ
Arms o Side Lamp 7 Moulding
Guard o B
Guard Rail Tau Light
. ~ License Lt —_—
N [Frame 2% : Hopy Trunk Lid
/ ’}\Z(*‘t‘h . /Yoy Hinge
l Wheel O
[ [Grii Panel 29 UY Hub Cap Medaliion
Moulding FRONT SUSP. i
/ Hub & Drum ) »3 Yo O Lowed Panel | ‘I
Medaliion __1./ [knuckie 1339 Floor 81
Extension / [.UpCont. Arm-shattl}éy N T O % 1 -
| J | Le.Cont. Arm Shatt i A"h'& Seat
- R ,,”? 4 pone .Y — o4 2= . # - R
I [Ragarrcoe ¥ (:T 2400 Ball Joints _#w_) Seat Ad). !
Covswon B olr2GY | 1] Sy 307 i
“1core Battie ' 1 Frt System -f\"*l\v Painting /‘l 1
/ Fan oy 4 /[)}_ p| Tie Rod 7 _\. Under Coat i l —-‘»—.
Warer Pamp |7 177 T T [k T crossToTaL |
Hose |l 1 ] [swergGea T Juaor—) o wnsl@o. (L7
Steer'g Wheel S inég zw A .4
______ JRNED | SRUURR EN S S P - {PARTS
Ar Cond. | o 1 |Horn Ring ] LESS %($ $ 1 XY, 3 I
Condenser Twe i A
Receiver NET . J_L (_Z__!
Line REAR SUSP. i TAX +
Y2y
Hood I R S A | A WRECKER
—y
Hood Mould'g Eng.Trans & Fuel B TOTAL |/ y ’_,(y
Hood Lock Pit. o ] S T %
Hood Hinges  f, ()IY.{'2 LESS DEPRECIATION
Medallion - = [Motorswept = ) LA/ O ] NET TOTAL
M Tail Pipe —
— -JON AUTHORIZATION BY OWNE, WE /
[ | Fenger YIPAs70] | | Gas Tank _|TO COMPLETE AND GUARANTEE RI
1 [Mouiding ) AS PER APPRAISAL.
Name Plate S ydn—am 2.0
B T 5 GARAGE . I
1 [skirt Y, pbf.0 [ | Windsn'id /) 2/7 ]
1 1Lt = Moulding laccepreosy.
[ 3 [ rehder Y R D e Mouliding
Moulding L Code: A Align 1-2-New
Name Plate Top ___|OH-Overhaul S-Straighten
Skirt R-Repair
O A A OR I O OR REPAIR

FIFICE 5. DFPAIR COSTS, £°D-A "NTO'™IRTLE
(€n.7 1P1Y/15 RERREES)
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Jack Winslow Body Shop

COMPLETE BODY WORK » WRECKS RE-BUILT » WRECKER SERVICE

HIGHWAY 6 5. AT GRAHAM RD. — P. O. BOX 9085
COLLEGE STATION, TEXAS 77840

JACK WINSLOW, Sr.
JACK WINSLOW, Jr.

PHONE 846-1415

Ouar_ter R. l%l :“;FEE

Quarter L. gy RR

Quarter Ext _:-4[._ ) o
Moulding
OWNLE R DATE
ADPRESS P( Q PHONE L e
-3 AL f/_’\ 4
YEAR MAKE ) 7 BODY s‘rv?; Rocker Pnl
- l‘,} /{ Moulding
MILEAGE LICENSE NO IDENTIFICATION NO.
APPRAISED FOR: APPRAISER: S Cenx‘chos! 4
| Door .
FRONT HRs.|| pARTS | NET Glass N, L
Bumper /' D ldbl | |sanery Door Handle
Arms Aa | - 5-1 Aernial Moulding ]
¢ dly 2 ‘ [ |Headlamp
Guard Rail ) 7 |Door
| |Gravel Guar 0 3.0 Sealed Beam
N J Retainer
REAR B S
Bumper /] Park’g Lamp
Arms . . Side Lamp Moutding
Guard
- - —— r.___ —— ——
ard Rait Tail Light
W\-S W /9‘ License Lt -
/] kame ,v . 4\ Horn Trunk Lid
: ‘ Hinge
Wheel
Gritl Panel /| 3 _‘\”D ) Hub Cap Medallion
v r
N Moulding FRONT SUSP. ""I
Hub & Drum Lower Panel
Medallion ] | Knuckle Floor
Extension § | UpCont.Arm-Shaft d
P72 W 1 Lr.Cont. Arm Shatt Seat e
J |Radiat’r Core O Ky ].—- j | Ball Joints Seat Adj.
J | Core Supp'rt R 34:’* | PR
Core Baffle . "ﬂ Frt. System Painting 7 “ZK o\
/7 |Fan | P " [T Rod Under Coat B .
7 [Water Pump 6 o~rG Drag Link GROSSTOTAL |
+ el
Hose Steer'g Gear -~ )
Steere Wh A () Hrs |9 »1r Y4 0) "/
9 eel v
PARTS - V4 ”
Aiwr Cond. Horn Ring %l$ § 17 3 / /-3
Condenser Tue + : ——
Recewer /_Z.i_gL
Line REAR SUSP. 5{" (;.\'\'
[ {Hood ijk 77 WRECKER .
Hood Mould's | Eng. Trans. & Fuel TOTAL g V1 -
= .
Hood Lock Pit. /7/r f / S
Hood Hinges LESS DEPRECIATION |
Medallion Motor Supp’t NET TOTAL
Tail Pipe
2 » ON AUTHORIZATION BY OWNEI¢{, WE AGREE
I | Fender /7" 7209 | ]G Tak TO COMPLETE AND GUARANTEE REPAIRS
Moulding N e AS PER APPRAISAL.
Name Plate A) ﬂ —
1 Skirt lq \ " Iwindsh'id ] GARAGE
P27 NI A P Moulding ACCEPTED BY .
Fender } |/ Mouiding
Moulding Code: A-Align 1-2-New
Name Plate Top OH-Overhaul S-Straighten
Skirt R-Repair
O A A R

FIGURE Cé. REPAIR COSTS, CMB-1 AUTOMOBILE
(62.4 MPH/25 DEGREES)
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APPENDIX D. PATH AND ENCROACHMENT ANGLE PLOTS
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FIGURE D1. VEHICLE PATH, u = 0.5
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SONGITUBINAL DISTANCE (FT)
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VEHICLE PATH, u = 0.75
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