


3.3 Embankment Comparisons

A total of six full-scale tests along with HVOSM comparisons
were conducted by the Texas Transportation Institute (TTI) involving a
vehicle leaving the rogdway and traversing a roadside embankment, The
test results and comparisons are reported, in detail, in Reference 8 angd

are surmmarized below,

Six tests were conducted, all in one day, for various encroachment
conditions. Table 3.3-1 lists the details of each test. The primary reason

for the tests was to provide a wide variety of conditions to simulate,

Each test was simulated by HVOSM, Input to the program consisted
of embankment Beometry, vehicle parameters, and test conditions, Vehicle
parameters for the test car were obtained at TTI on another study
{Reference 9) and are reported in Reference 8, Sears Supertread tires
were used on the test car and their pProperties were available from the
literature (Reference 6). A friction coefficient between the tire and the
grassy slope was not available, However, skid tests were conducted at the
Texas A & M Research Annex on grass and sod similar to that at the test

site. The coefficient was found to be 0.5,

Three types of comparisons were made between test results and
HVOSM output. These were plots of the right front tire track, plots of
vertical acceleration versus time, and computer generated perspective
drawings of the simulated vehicle at selected times adjacent to prints of
frames from the high speed movie film. Figures 3,3-1 through 3, 3-3 show
the comparisons for Test No. 1, The grid lines shown on the tire track
plots (see Figure 3,3-1) correspond to the chalked grid lines at the test

Bite.
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The vertical acceleratior: wag found to be the predominant component
of the resultant acceleration, in both measured and simulated values, As
a consequence, only the vertical acceleration component was plotted and
compared. Inthe acceleration plots, as well as the other comparisons,
time equal to 0,0 Tepresents the time when the right front tire crossed the
pavement's edge. A discussion of the comparisons for each test follows,

Test No, ]
—_—E 0. 4

In comparison with the others, this test was the most successful in
terms of correlation between test data and HVOSM predictibns. This could
be expected since with each succeeding test the vehicle's 8uspension system
was subject to progressive degradation. No mechanical failures oceurred
during Test No, 1, and as seen in Figures 3,3-1 through 3,3-3, the

correlations of path, attitude and accelerations wasg excellent,
Test No, 2
———t_ &

By closely studying the movie film, it was determined that the front
suspension system was subjected to relatively high vertical loadg approximately
1.6 seconds after the car left the roadway. At that time the right front
tire was approximately 27 feet laterally from the edge of the pavement
(Y = 47 feet), This loading resulted in a tie-rod failure which locked the
right front wheel over in a full right turn position (a steer angle of
approximately 22 degrees), Prediction of such a failure is not within the
capabilities of HVOSM, It was therefore decided that an attempt would be
made to simulate the effect of the failure. This was done by programming
in a locked over steer angle of 22,5 degrees at T = 1, 6 seconds after the

gimulated vehicle left the roadway,
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SEC. 0.000
SEC. 300
=\
L
SEC. .500

Figure 3.3-2 RyosM versUs TEST RESULTS, TEST NO. 1, CAMERA NO. 1.
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HYOSM

SEC. .800

SEC. 1.200

Figure 3.3-2 CONTINUED.
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TEST




SEC. 2.100

SEC., 2.400

Figure 3.3-2 CONTINUED.
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HVOSM TEST

Figure 3,3-2 CONTINUED
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SEC. 3.800_—

SEC 7900

Figure 3,3-2 CONTINUED,
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The plot of tire tracks (Figure 3,3-4) shows an increasing difference
between test results and HVOSM predictions for Test No. 2, This diSpakrity
is attributed prima‘rily to slight rutting that occurred in the test, an
occurrence which could not be simulated by the version of HVOSM used by
TTI at the time of this study. Although the grassy slope was hard and well
compacted, the extreme steer angle that resulted when the wheel locked caused
the tire to dig in siighl:ly. Ag a consequence, larger than predicted side ‘
forces occurred, causing the test car to turn more gsharply than the simulated

car,

The mechanical failures and subsequent path differences undoubtedly
contributed to the differences that occurred between the measured and
predicted vertical accelerations in Test No. 2 (see Figure 3,3-5). A
sumnmary of the factors which probably caused differences between predicted
and méasured acceleration in Test No, 2 as well as the other tests, follows:

{1} Terrain Irregularities -- Limitations on the number of grid
points that could be measured and that could be accepted by HVOSM precluded
an exact simulation of the terrain. Local irregularities such as bumps and
indentations could not be simulated, They undoubtedly caused unpredictable
accelerations. In most cases, accelerations caused by irregularities would
not be of major significance with regard to accident sgverity, The
irregularities may, however, cause mechanical failures in the suspension

system which could lead to a more hazardous conditicn later,

{2) Type and Location of Accelerometer Support - The vibratory
motion of both the accelerometer support and the vehicle's structural
framework caused accelerations in the test car which, due to the limitations
of the structural idealization, could not be computed by HVOSM. The
degree to which structural vibration contributed to the measured values is
unknown, It is probable, however, that the effect was small and would be
characterized by relatively high frequencies of vibration.
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(3) Path Variations «« When the predicted and actual path did not
closely compare, there was a twofold effect on the acceleration cornparisons.,
First, the test car and the simulated car traversed different terrain which
obviously caused some differences in accelerations, Secondly, the lateral
position (in the Y direction) of the test car at any given time differed from
the simulated vehicle. For ‘exa.mple, in Test No. 2, the test car began
traversing the back slope at approximately T = 4.0 seconds, while the
simulated car entered it at approximatély T = 4,6 seconds, Note that if the
HVOSM curve in Figure 3.3-5 were shifted to the left the comparison would

improve.

(4)  Tire Rutting ~- As discussed in a previous paragraph, some
tire rutting occurred, especially for large steer angles. By studying the
movie film it was observed that the front portion of the vehicle would undergo
a bouncing or skipping type of motion during these large steer angles. The
instability apparently caused some fluctuations in the measured accelerations
that were not simulated by HVOSM,

Prior to conducting Test 3, the test car was returned to }:he Research
Annex and new tie rod assemblies were installed. The steering system was

then realigned,
Test No, 3

Comparisons of the tire track for this test {Figure 3, 3-6) show good
agreement up to the point where steer control was regained in the test car
(at Y + 90 feet approximately}. The simulated car remained in a no-steer

control mode throughout the run.

A comparison of vertical accelerations for Test 3 (Figure 3.3-7)
shows that the HVOSM trace approximated a mean of the test trace.
Fluctuations in the test values are attributed to terrain irregularities and

the effects of structural vibrations in the vehicle, as previously discussed.
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The relatively large accelerations of HVOSM between 4,5 seconds ang

5.0 seconds were caused by the simulated vehicle entering the back siope,
Test No, 4

From the movie film it was observed that the front wheels of the
test car went from a zero deg'ree steer angle at T = 0.50 seconds to a full
right turn at T = 1,0 seconds. They remained in a full right position until
approximately T = 2,0 seconds, at which time they returned to a zero
degree steer angle and remained at approximately zero for the remainder
of the test. No suspension damage occurred during the test, The remote
control operator reported that attempts to steer back to the left after the
car reached the ditch botfom (at about T' =2, 4 seconds) were unsuccessful,
There was apparently some malfunction in the control system, Nevertheless,
it is probable that the car could not have been redirected Prior to going
over the top of the back slope due to the large encroachment angle the car

had upon entering the ditch bottom.

It is not certain what caused the front wheels in Tests 2 and 4 to turn
sharply to the right after entering the side slope. However, it ig interesting
to note that the paths of Tests 2 and 4 were almost identical after the car
reached a lateral distance of 20 feet off the edge of the pavement, In both
tests the wheels turned sharply to the right at a lateral distance of approxi-
mately 27 feet off the edge of the pavement, An inspection of the side slope
in that particular area showed no major irregularities, although there were
local indentations and bumps which could have caused the problems,

In HVOSM the steer angle of the simulated car was programmed to
be similar to that of the test car for Test 4. Upon leaving the roadway,
the steer angle was zero up to T = 0.5 seconds, The steer angle was then
increased linearly up to 22 degrees at T = 1,0 seconds. It was held at
22 degrees up to T = 2,0 seconds and was then decreased linearly back to zero
at T = 2.5 seconds, where it remained for the duration of the simulation,

212



The tire track comparisons between test and simulation (Figure 3.3-8)
showed reasonable agreement, The smaller turning radius of the test path
is attributed to the added side forces created by the slight rutting that

occurred during the test,

The generator supplying power to the instrumentation trailer failed

during Test 4 and all accelerometer data were lost,
Test No, 5

No technical problems occurred during Test 5. The car left the
road at a relatively shallow angle (8,6 degrees) and remained on the side

slope during most of the test,

Good agreement between test and HVOSM tire tracks was obtained
through most of Test 5. It can be seen in Figure 3.3-9 that steer control
of the test car was regained and the car was steered back up the slope before
it reached the ditch bottom. Note in Figure 3.3-9 the change in path curvature
at an X distance of about 280 feet and a Y distance of about 66 feet., The
ditch bottom begins at a Y distance of approximately 100 feet. The remote
control operator related that he was ''determined not to allow the car to hit

the cotton patch again',

Although not planned, it is significant that steer back on the side
slope was attempted. It had been speculated that if such a maneuver
occurred, the car would likely roll over., Analysis of the film for this
test showed that the car never appeared to be in danger of rolling over.

It would be premature .to conclude, however, that there are no conditions
which would cause this car or any other car to roll over on a 3, 5:1 side
slope. As a matter of fact, tests at TTI on other studies have shown that
when subjected to a pérticular sequence of severe steering and braking

maneuvers, certain automobiles will roll over on a flat concrete pavement.
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Reasonably good comparisons of accelerations were obtained in
Test 5 (IFigure 3.3-10), especially during the first half of the test. For
the remainder of the test, the amplitude of the accelerations was comparable,
but their variation with time differed. Differences in the latter phases of
the test are attributed to path differences and' differences in speed between
tests and HVOSM.,

Test No, 6

This test began with a moderate encroachment angle (13,3 degrees)
and a relatively high encroachment speed (63,6 MPH). Large steer angles
again occurred during this test, The front wheels turned sharply to the
right at approximately T = 1,2 seconds {or Y = 50 feet, approximately),

They remained in this position for about one second and then returned to
approximately a zero steer angle. Examination of the suspension system
after Test 6 showed that a tie-rod failure had again occurred, causing the
right front tire to be locked in 3 partial right turn position {about 10 degrees),
Repeated testing of the car had obviously caused degradation in the suspension

system {loose ball joints, out of alignment, etc.),

It was decided to simulate Test 6 in HVOSM by assumiﬁg afree~
wheeling condition (no steer control) throughout the test, In so doing the
extent to which steer irregularities in the test affected the vehicle's path
and attitude could be determined, As shown in Figure 3, 3.11, the test and
HVOSM paths agreed up to a Y = 70 feet, approximately, From that point
the two paths began to diverge with the test vehicle turning more to the
right. The attitude of the test and simulated vehicles remained relatively

stable,

Differences in predicted and measured accelerations {Figure 3, 3.12)
are aftributed to the factors presented in the discussion of Test No, 1, The
test car enters the back slope at about T = 3,3 secoz;lds while the HVOSM car
enters it at T = 3,5 seconds., The large acceleration in the HVOSM car at
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T = 3.5 seconds was caused by the back slope. The test accelerations were
not larger during the back slope traversal because the test car brakes were
applied just prior to entering the back slope. The remote control operator
sensed that the car could not be redirected and was therefore attempting to

stop it,

From an overall assessment of the comparigons, HVOSM was
generally in reasonable agreement with the test results, The differences
that did occur are attributed primarily to the mechanical failures in the
test car's suspension system and their subsequent effects on the dynamic
behavior of the car, It is known that the condition of the suspension system
continued to deteriorate with each test. It is not known, however, just how
much the suspension system deterioration contributed to causing each

failure.

A wide variety of encroachment conditions were encountered in the
study, Encroachment speeds ranged from 45,1 MPH to 63. 6 MPH, and
encroachment angles ranged from 8.6 degrees to 20,4 degrees. In addition,
suspension failures (Tests 2 and 6) and the steer back on the side slope
{Test 5) created special test conditions. This range of test conditions is
believed to encompass many of the conditions that occur in run~off-the-road
accidents. It is significant that for these conditions both test and simulation
results showed that a car could traverse the embankment with no tendency

to roll over,
Reasonably good correlations were obtained between test and

predicted accelerations for Tests 1, 3 and 5, where no mechanical or

electrical failures occurred,
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