Crash Barrier Tests on Multiflora Rose Hedges
RUSSELL R. SKELTON, University of New Hampshire

Multiflora rose hedges offer definite advantages as safety
barriers for highways, as shown by a recent investigation con-
ducted for the Bureau of Public Roads, In a study of the
effectiveness of a hedge of mature multiflora rose plants, a
modern automobile was stopped by the planted mass gradually
and without injury to the driver or damage to the wvehicle,

The paper briefly covers the results of the summer and
winter field tests, which were conducted to determine (a) the
stopping distance beyond the crash point as various speeds of
contact, (b) the movement and performance of the bushes and
the test vehicle during the deceleration period, (c) the mag-
nitude of deceleration, and (d) the resulting damage to the
bushes and vehicle,

The 1li-year-old multiflora rose hedge used for testing
was planted about 3 ft center-to-center in a single row. The
hedge was continuous and averaged 10 ft in width and 9 £t in
height. A paralleling earth road served as an approach test
road,

The uses of the adjoining land and the single row of
bushes dictated the character of the approach and speed of
each test., Nine crash tests were performed parallel to and
on the axis of the hedge. Four tests were run on flat angles
with the centerline of the hedge. The speed of the test car
at contact for the twelve tests ranged from 22 to 50 mph.

The test car was equipped with an electrically driven
recording three-component accelerometer and a spring-wound
single~component accelerometer. Three high-speed cameras
were used,

The test results indicate that many serious accidents
could be prevented in the future if hedges of this variety
were planted now in the median strips of divided highways.

@ PLANNED LANDSCAPING, using shrubs, not only makes a highway more attrac-
tive and less monotonous but these same shrubs could save lives., Judicious
planting of several varieties of shrubs in median strips would not only re-
duce headlight glare, but the same shrubs could act as a barrier or buffer
between opposing streams of traffic., Also, such plantings could prevent
disastrous impacts into bridge abutments or center piers.

Considering the recent trend in highway fatality and injury, every
idea, every device, and every plan that offers any possible chance of sav-
ing lives should be critically studied. For that reason the Bureau of Pub-
lic Roads and the University of New Hampshire became interested in the idea
that a barrier of shrubs could serve as a living guard rail. As a result,
the University initiated in 195L, a proposed program for testing the ef-
fectiveness of multiflora rose hedges as crash barriers, Early in 1955,
the Bureau approved a sponsored research grant for the above study, and the
tests were performed in midsummer and early winter of that year.
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The services of the firm of Motor Vehicle Research, Inc., of South
Lee, N. H., were retained as a subcontractor to the University for the dur-
ation of the project. The director, Andrew J. White, had previously run
several crash tests on multiflora rose hedges. The results of his earlier
experiences were largely responsible for the Bureau's and University!s
interest in conducting a larger and more comprehensive testing program to
determine the effectiveness of multiflora rose hedges as crash barriers
along the margins of highways.

Prior to the running of the field tests, a schedule of eleven tests
per season was planned. The tests were to include five angles of approach
ranging from 5 deg to 90 deg (head-on), and from 1 to 3 speeds between 30
and 50 mph for each angle of approach. The proposed schedule of tests had
to be drastically reduced because the length of hedge destroyed for each
run was considerably greater than was initially expected. Nine tests were
run in July and three were run in December.

PURPOSE OF THE INVESTIGATION

The general purpose of the investigation was to determine whether
hedges of multiflora roses would serve effectively as a highway crash bar-
rier when subjected to the impact of a modern automobile.

Of more immediate and specific interest were (a) the distance required
to stop the vehicle after striking the hedge at various speeds and angles
of approach, (b) the magnitude of deceleration, (c) the performance charac-
teristics of the hedge and vehicle, (d) the extent and character of damage
to the vehicle and hedge, and (e) a comparison of the stopping distance and
hedge performance for the summer and winter tests.

CHARACTERISTICS OF ROSA MULTIFLORA (JAPONICA)

This plant was first described by Thunberg, a Swedish botanist, in
1784. The plant is of Asiatic origin and many varieties were found in
Japan, Korea, and along the China coast. The plant was first introduced to
Europe and American about 1875. (1)

Rosa multiflora (Japonica) is described as "a vigorous, dense shrub
with long, arching, moderately thorny canes often exceeding 12 ft in both
height and width, and producing enormous quantities of single, white blos-
soms in late May or early June,"(1l) "Plantings of Rosa multiflora are adapt
ed to all but the extreme northern and southern states, and when planted
at 1-ft intervals in a soil of average fertility will grow into an effect-
ive barrier to livestock, within 3 to 6 years." (2)

The multiflora plant, as tested, appeared to have a rather shallow but
‘Somewhat massive root system. The root system was confined to an area
smaller than the total spread of the canes from one plant. Several of the
roots encountered were as large as the largest cane and measured 6 ft in
length. The root system seemed to provide very firm anchorage.

The plant does not produce suckers, hence a hedge may be controlled by
pruning; however, birds carry the seeds and seedling plants frequently
spread rapidly on adjacent land. A hedge of the plants, when planted on
3-ft centers, will form an impenetrable barrier within 8 years. The canes
branch and spread laterally, intertwining to form a dense barrier which is
shock resistant. Tt is this springlike characteristic that makes it a
potentially ideal plant for use along highways as a living guard fence.



THE TEST SITE

The continuous single row of mature multiflora rose hedge used for the
tests was located in the vicinity of Manchester, Conn. The hedge was four-

teen years old, and was donated to the University by the owner for test
purposes. The average height was 9 ft and the average width was 10 ft.

The density of growth varied considerably in different sections, as did

the individual cane diameters. The plants were spaced about three feet
apart and there were few instances of seedling plants developing within the
existing hedge.

A narrow earth road ran parallel with the hedge for its entire length.
This road was used for the approach run for all tests. Figure 1 shows one
section of the multiflora rose hedge and the adjacent road. The section
shown contained 310 ft of usable hedge, which was essentially used for crash
testing at various angles of approach., The extreme end was used for one
high speed winter test.

Figure 1. Typical section of multiflora rose hedge.

TEST CAR AND INSTRUMENTATION

The test car, a 1952 Ford, 6-cylinder, L-door sedan, was loaned to
the University by the Bureau for the duration of the 2-season field test
period., It was stripped of all nonessential interior equipment that could
possibly contribute to the injury of an occupant. The seats were removed
and two front bucket-type seats were bolted to the floor. Two sets of Li-in.
seat belts and two sets of shoulder harness were fastened securely to the
floor of the car. The dash assembly was fitted with a 6-in. covering of
polystyrene plastic foam. Figure 2 shows the test car as received, and
Figure 3 shows the protective plastic foam being fitted to the interior.

A tachograph mounted on the fire-wall under the hood was coupled to
the speedometer adapter gear. This instrument was used to obtain the top
speed of the car during the approach run. The test car speedometer was
calibrated by attaching a previously calibrated test wheel to the rear
bumper and recording simultaneous readings at 10 mph intervals up to 60 mph.
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The test car speedometer readings were generally 6 to 10 percent higher
than the true speed.

Figure 2, Test car as received. Figure 3. Test car being equipped
with plastic foam.

Since one of the principal objectives of the study was to determine
the magnitude of deceleration, a motor-driven, constant-speed, 3-component
accelerometer was obtained for these tests. This instrument is shown in
place with the cover removed in Figure L. The accelerometer weighed 18 1b
and measured 8 in. wide by 8 in. high by 18 in. long.

The accelerometer was positioned on the centerline of the car and as
near the actual center of gravity of the car as the front seats would per-
mit. Actually the center of the instrument was 13-7/8 in. to the rear of
the center of gravity of the loaded car. In the vertical direction the
center was very close to the center of gravity of the car.

Figure L. Accelerometer mounted in test car.
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The accelerometer was equipped with a 115-volt A.C., 60-cycle, elec-
tric motor and inverter. The 6-volt car battery was used as a source of
power and heat for the styli and the case. Remote control switches were
furnished for the operation and control of the motor and heaters. Wax-
coated charts, 7 in. wide, having 2~in. space for each component were used
for recording the acceleration and deceleration over the full range of each
stylus. The chart speed was 60 in. per minute.

The maximum deceleration in terms of gravity (G) for each direction
was estimated and the manufacturer set each stylus to the specified range
as follows:

Longitudinal direction: 10 G
Vertical direction: 5 G
Lateral direction: 5 G

The natural frequency was certified to be 15 cycles per second. Orifices
were provided for air damping in all three planes. The degree of damping
recommended and used on these tests was 80 percent, and the manufacturer
calibrated and certified the instrument.

A single component recording, spring-driven, accelerometer was placed
in the spare tire well in the rear of the car. This instrument was posi=-
tioned to record the acceleration in the vertical direction. The range of
this instrument was ¥ 1 G.

The test car hood and front fenders were given a heavy coat of white
water-soluble paint before field testing so that the car was more easily
followed in the photographs. This covering also served to mark the points
of severe contact with the bushes. Distinctive reference marks were placed
on the vehicle to aid in the analysis of photographic film.

Photographic instrumentation included one spring-driven 35-mm wide-
angle lens camera, set to run at a speed of 48 frames per second (fps),
and one power-operated 16-mm camera, set to run at 128 fps. The cameras
were positioned perpendicular to the axis of the hedge on an elevated plat-
form at a measured distance from a reference fence. They were adjusted to
include the entire crash performance and a portion of the approach run.
One additional spring-driven 16-mm camera, operating at 6l fps, was used
to obtain the general performance characteristics of the hedge and car.

A reference fence was erected parallel to the axis of the bushes for
2uach test. This fence served us a base line for measurement and a photo-
graphic reference for film analysis.

TEST PROCEDURE

Because the hedge consisted of a continuous single row of intertwined
bushes, the tests were limited to head~on and small-angle crash tests.
Physical limitations in the access road and the small width of the hedge
prevented angles of approaches greater than 20 degrees from being made.

In a head-on test, the car approached and crashed along the axis of the
hedge at an established point. 1In an angle test, the car approached on a
line marking an established angle with the hedge centerline and crashed
the fringe of the hedge at a fixed point.

Before running a test, the point of contact, the centerline of the
hedge, and dimensions of the hedge were measured in relation to the re-
ference fence. When feasible, a bush count and the number and diameter
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of individual canes for several typical bushes were made. Representative
cuttings were taken for water content determination. All tests were made
on sections of the hedge unaffected by previous tests.

In general, the driver declutched the car approximately 20 ft ahead
of the marked contact point. This standard procedure eliminated applied
power, leaving only the momentum of the car to be considered in the analy-
sis., The loss of speed in this short distance was usually of the order of
8 mph, The roughness and lack of compaction of the approach not only re-
duced the speed, but introduced considerable pitching of the car in a ver-
tical plane. The latter condition was more pronounced on low-speed tests.
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Figure 5. Plan of the site, sketch of head-on test
(Test No. 1—30.3 mph contact speed).

The accelerometers were turned on when the test car started the ap-
proach run, All cameras were started when the car was about midway of the
approach. Immediately after the car had stopped, the distance from the
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Figure 6. Sketch of angle tsst, (test No. —30.2 mph contact speed).
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front bumper to the contact point was measured and recorded as the stop~
ping distance. Offset distances from the reference fence to the tire tracks
were made for record. A sketch was prepared showing the area and number of
bushes damaged and the final position of the car in relation to the hedge
and reference fence. Figure 5 is a sketch of a typical head-on crash and
Figure 6 is one of a 5 deg angle test. Also, following each test, the
driver!'s observations and remarks concerning the test were noted. The test
car was then removed from the hedge and examined.

FILM EVALUATION

A11 films were developed and reduced to 16-mm positive prints for
evaluation by a frame-by-frame method of analysis, A microfilm viewer
having a large screen was used for the L8 fps and the 6L fps film analysis.
The 128-fps film was analyzed by using a time-study projector. A suffi-
cient number of check tests were made on several films using both pieces
of equipment to determine that the results obtained were in satisfactory
agreement.

In the frame-by-frame analysis, the film was run until the test car
came into view at a point in line with the reference fence. One of the
several reference points on the car was selected and noted., The initial
frame was recorded as zero and the reading of the footmark on the fence
immediately below the reference mark was observed and recorded. The film
was then advanced one frame and the process repeated, using the same car
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Figure 8. Speed-time curve for test No. 1.

reference point, TIf the car advanced to a point where the first reference
mark was obscured by the bushes, another car reference mark was selected
and this frame recorded as zero. The process continued until the test car
came to rest,

The actual distance the car traveled in relation to that shown by the
film on the reference fence was computed by a simple proport lon—knowing
the horizontal perpendicular distance from the camera to the reference
fence and the distance from the reference fence to the car's tracks. This
corrected distance traveled per frame was then converted to miles per hour.
Finally all distances and time were equated to the front bumper of the test
car and the data were used to plot speed-distance and speed-time curves for
each test run.

For example, the speed-distance curve for test No. 1 is shown in Fig-
ure 7, and the speed-time curve for the same test is shown in Figure 8.
Distances shown in Figure 7 are the actual distances on the traveled path
of the test car., In Figure 8 the abscissa is indicated as observed frame
numbers, where one frame equals 1/1;8 second. An average of five observa-
tions is plotted as one point. All observations are in reference to the
front burper of the test car.

The test car approached the contact point at 30.3 mph (Figs. 7 and 8)
The film evaluation was the primary means used for determining the contact
speed. From a study of the two curves, it is apparent that following con-
tact with the bushes, the car speed decreased rather rapidly to about 20
mph in a distance of 12 ft and in a time interval of 0.33 sec. The average
deceleration for the period was 22.) ft per second per second or 0.69G.
The car speed then dropped from 20 mph to O mph in a time interval of 0.75
sec, which is equivalent to an average deceleration of 19.6 ft per second
per second or 0.61G. The over-all stopping time is seen to be 1.08 sec.
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The maxirum error in+reading the distance traveled in one frame was
generally observed to be = 1/10 ft. For the L8-fps film this amounted to ¥
3.27 mph, Where the 128-fps film was used for evaluation, an error in
distance observation of 1/10 ft produced a possible error in speed of *

8 mph. However, the maximum deviation from the mean of the computed speeds
using the 128-fps film was 6 mph,

In several instances, on the angle tests, the stopping distance was
too great to be recorded by the fixed cameras. In other instances the car
path curved sharply near the end of the run, which prevented complete eval-
uation of the car performance from the film record.

The evaluation methods and procedures were the same for the summer and
winter tests, During the winter series the temperature was so low that all
the cameras were thought to be running slow. Later film evaluation proved
the foregoing to be true, consequently the film results were not used.
Stopping time for the winter tests were obtained solely from the accelero-
meter records.,

ACCELEROMETER TAPE EVALUATION

The wax-coated accelerometer tapes for each test were photographed and
the prints were projected and traced on cross-section paper. The enlarged
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Figure 9. Longitudinal decelerations during test No. 1.

graph was useful in determining the several peak deceleration values in re-
lation to the time of occurrence and the average deceleration for the dur-
ation of the test.

An enlarged graph of the longitudinal section of the chart for test
No. 1 is shown in Figure 9. Although this graph is not necessarily typical
for all tests, it does indicate the type of data obtained from similar
graphs prepared for all succeeding tests., It is seen that the maximum peak
was 1.77G. The elapsed time from the crash point for any peak, and the
total elapsed stopping time can be read from this graph. In this instance
the maximum peak occurred about 0.3l sec from the contact point. The over-
all stopping time was about 1.08 sec. This stopping time is almost iden-
tical with that determined from the film evaluation of the same test, which
was the case for all the tests.

The average deceleration in the longitudinal plane was obtained by
measuring the area under the curve with a planimeter and dividing the area
by the base line length between the point of contact and the point where
the car came to rest. The average deceleration was determined for all tests
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Figure 10. Test car crashing into end of hedge row—test No. 6.

in the longitudinal direction by this method and used as a source of com-
parison of performance of the car and the bushes. It is indicated to be
1.05G (Fig. 9).

The evaluation of the tape for the single component accelerometer was
read directly and the peak results compared to the vertical values obtained
from the graph of the three component accelerometer. In general, the single
component accelerometer maximum range was inadequate, since the peak verti-
cal acceleration was usually greater than 1G. In instances when the peak
vertical acceleration was less than 1G, the values of both instruments were
in substantial agreement.

TYPICAL PERFORMANCE CHARACTERISTICS

During the first part of the deceleration period for the head-on tests,
the canes of the bushes were sheared off about 3 to L ft above ground.
Some of the bushes were pulled out and these plus the sheared canes and
broken branches were pushed ahead of the car. The results of these actions
are shown in Figures 10 and 11 for test No. 6. In this test the contact
point was at 12 on the reference fence. The car stopped at 63.8 on the
fence.

As the loose mass was accumulated and as the car pushed the entangled
mass ahead, the forward bushes were either pushed down or were stripped of
their foliage (Fig. 11). In the last one-third of the stopping interval
the loose mass was compressed with little forward movement, which resulted
in the car being stopped very gradually. A tendency for the car to ride
"yp" on the bushes and the softness of the ground under the bushes makes
it doubtful that the use of brakes would have materially shortened the stop.
In two tests where the hedge was wider than 8 ft, and where smaller seedling
plants grew outside the axis, the car cut a path along the axis leaving a
fringe of bushes on each side. This was the case for test No. 7 (Fig. 12).
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Figure 11. Position of test car after test No. 6.

Although the hedge was devoid of leaves in the winter tests, there
appeared to be little, if any, significant difference in the stopping per-
formance of the hedge between the summer and winter tests. With the ground
frozen, there did appear to be more roots left in the ground.

Two angle tests at 5 deg, one at 10 deg, and one at 20 deg were per-
formed in the summer series. The speed of contact for these tests was
planned for a maximum of 30 mph because the hedge was narrow and not too

Figure 12. Path through wide section of hedge—test No. 7.
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dense, In all the angle tests the fringe of the bushes did not slow the
car appreciably, until the front of the car encountered the central mass

on the axis. Since relatively few bushes were on the path of the car, they
were either sheared or torn out. There was no massive accumulation of
loose bushes to compress, as described previously. Had there been several
parallel rows, instead of one, the performance would have been similar to

a head-on crash, once the vehicle was turned into the hedge.

The car was stopped within the hedge on both 5-deg tests and on the
10-deg test and passed through the hedge on the 20-deg test. There was no
indication that the bushes tended to deflect the car. Actually the retard-
ing effect of the bushes caused the car to swing inward on an arc (Fig. 6).

During the two seasonal tests, there were three different drivers em-
ployed. One common observation was of considerable significance; namely,
that once the car entered the hedge the driver had no further control of
the steering. When the approach of the car was on the line of the axis of
the bushes, the car path throughout the test was generally straight. How-
ever, toward the end of the stopping period the rear of the car frequently
moved laterally as the mass of loose hedge became thoroughly compressed.

TEST RESULTS

A tabular summary of the test data is given in Table 1 for the twelve
tests. A study of the data obtained from any one test, or a comparison of
the results of similar tests, must be made with caution because there were
several factors affecting the results that did not remain constant for each
test. Three of the more important factors are (a) the width, height, and
compactness or density of the bushes, (b) the pattern of the path the test
car followed on the approach, and during the stopping period, and (c) the
character and condition of the ground surface on the approach, and within
the hedge.

Summer Tests—Nos, 1, 2 and 3 (head-on)

Test No. 1 was made as a pilot run at low speed both to study the
performance and to develop procedure. The approach to the axis of the
hedge required that the driver execute a reverse curve maneuver of about
9 ft laterally in 60 ft of distance to crash the hedge parallel to the
hedge axis. The car tracks indicated that the approach was not parallel
to and on the hedge axis; consequently, the rear of the car moved gradually
sidewise about 3 ft toward the end of the stopping period. The front re-
mained on the axis. This sidewise movement probably would have been con-
tained had the hedge been wider.

Most of the bushes on the car path were pulled out because the soil
was dry and loose. Some bushes were sheared. The measured stopping dis-
tance of 26.5 ft and other data are given in Table 1. The entire hood of
the car up to the windshield was buried in a compressed mass of tangled
rose bushes, but the car was removed under its own power. An area about
20.5 ft in length was swept clean of bushes.

Test No. 2 was a low-speed test intended to duplicate test No. 1.
Unfortunately the car hit to the right of the hedge center causing the
rear to slide severely to the right. The sliding action which developed,
rendered the test unusable for comparative purposes with respect to the
accelerations, The stopping distance of 26.0 ft closely approximated that
for test No. 1. The final position of car is shown in Figure 13.
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SUMMARY OF CRASH TEST RESULTS
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Stopping Long. Deceleration Max. Acceleration
Test |Type of |[Contact |Distance,] Time, | Ave.,[Max.,[ Time from|Vertical,|Lateral,
no. | test speed feet seconds| "6“ | "6“ contact, “c" “6"
m.p.h. seconds
|| Head=-on 30.3 26.5 1.08 1.05 | 1.77 0.33 1.25 1.0
2| Head-on 30.5 26,0 1.25 0.5 - - 0.7 0.25
3| Head-on | 21.0 17.0 1.02 - - - - -
4| 5%ngle | 30.2 76.2 2.8 - | 0.87 1.9 0.5 0.5
5| 5%ngle | 36.0 7 1.8, | 0,75 | 1.40 0.69 1.5 1.25
6| Head-on 35.5 51.8 1.91 0.68 [ 2,72 0.21 1.0 0.5
7| Head-on | 47.8 57.2 1.94 | 0.93(2.24 0.38 1.39 2.12
8|200Angle | 28.4 - - - 1.09 0.13 133 0.7
9{10%ngle | 27.0 56+ 1,62 - 1.71 1.00 1.12 0.91
*]0| Head-on| 35,0 50.1 1.50 - - - - -
*| || Head=-on 22.0 16.3 1.26 0.53 | 0.82 0.25 0.5 0.5
*#]2| Head-on 50+ 76.5 2.14 | 0,64 | 1.74 0.32 1.23 1.27
Note: Lecelerations and accelerations were recorded by three-component accelerometer.

*Winter tests.

Test No. 3 was planned to replace test No. 2, using a straight ap-

proach over adjacent pasture land.

did not slide to the right.

The available distance proved to be
insufficient to develop the planned approach speed; however, the rear end
This test proved that the angle of approach

Figure 13.

Final position of car—test No. 2.
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coupled with the loose soil was causing the sliding action in previous
tests. The accelerometers were not employed on this test accounting for
the absence of such data in Table 1,

Summer Tests—Nos. L and 5 (angle)

These tests were conducted as 5-deg angle tests for duplicate study.
In both tests the stopping distances (Table 1) were large because these
distances were measured from the point where the car first touched the
fringe of overhanging bushes. The path of the car was straight until the
central bush mass was encountered, thereafter the path curved into the cen-
tral hedge structure.

In both tests, the car was stopped by the hedge and remained within
the hedge mass, even though the bushes were thin and less dense than at
other locations (see Fig. 6). On test No, 5, the rear of the car swung
rather violently in an arc when it struck a large central root mass. It
stopped perpendicular to the axis of the hedge 117 ft beyond the contact
point. Had the approach speed been higher the tests would have been ex-
tremely hazardous, because of the fixed objects located on the far side of
the hedge.

Summer Tests—Nos. 6 and 7 (head-on)

Test No, 6 was planned for a contact speed of 50 mph; however, the
approach surface was soft and irregular even after preparation, and the

approach speed decreased rapidly to 35.5 mph at contact. The hedge was
wide and dense. This test demonstrated most effectively the desirable
properties of the multiflora rose hedge as a crash barrier.

The highest deceleration, 2.72 G, occurred in this test (Table 1).
It is significant to note that 0.21 sec was required to develop this peak
value from the instant of impact. The gradual buildup to the peak decele-
ration is an important advantage demonstrated by this and other tests.

In this particular test the individual bushes were closer than usual,
evenly spaced, and the canes were large (Fig. 11). The average diameter
was about 3/L in. and the maximum was 1-3/8 in, The bushes were counted
before and after the test and there were 26 bushes destroyed in the test.
When the enlarged longitudinal section of the accelerometer record was
analyzed, there were 26 distinct peaks averaging 1.25 G over about two-
thirds of the stopping distance of 51.8 f£t. Field notes indicated that
the bushes were sheared off completely in the first half of the stopping
distance.

The above observations indicate that each bush offered a distinct and
nearly equal resistance in overcoming the kinetic energy of the car, which
was finally reduced to zero by the compression of the loose entangled mass.
A study of the speed-distance and speed-time curves indicated that the com-
pression of the mass started at about L7 ft or 0.92 sec from the point of
contact.

Test No. 7 was similar to test No. 6 except that the contact speed was
L47.8 mph. 1In order that the effect of a discontinuous hedge be studied,
10 £t of hedge were removed for the full width at a point 55 ft ahead of
the contact point. This distance was selected on the basis of the stopping
distance observed in previous tests and on the characteristics of the hedge,
which was wider and more dense than any section previously tested.
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The car was declutched about 15 ft ahead of the contact point., It
followed a straight path along the axis of the bushes until near the end
of the run, where the rear end moved laterally until it came to rest at
an angle of about L5 deg with the axis. The final position is shown in
Figure 12, the car cutting a path through the bushes. About 3 to L, ft of
partially damaged bushes can be seen on both sides. The mass of bushes
above the hood of the car had not yet settled at the time of the picture.

The 10-ft gap which was previously described was partially filled.
Tt was found that the compressed mass was pushed into the opening only 6
ft on the center position and that no intrusion occurred on either edge of
the hedge. Since the gap was only partially filled with the compressed
mass, it may be concluded that the unsheared canes ahead of the car pre-
vented the mass from being pushed forward, consequently the mattress was
pushed upward as it was being compressed. It was generally noted that the
front of the car usually rode up on the mass in the last short interval of
the deceleration period and that the front end settled slowly after the
car stopped.

A study of an enlargement of the accelerometer record indicated a
stopping time of 2.03 sec, which was in fair agreement with the 1.9k sec
obtained by film analysis. This study also revealed several peak values
in longitudinal deceleration, the maximum being 2.2l G at 0.38 sec after
contact, The longitudinal deceleration curve for this test was not so
erratic as that of test No. 6. It appears from the graph that the last
0.8 sec was consumed in compressing the loose mass of bushes during which
time very little shearing action occurred.

As noted in Table 1, this test produced the maximum peak values of
vertical and lateral deceleration. The vertical G factor was 1.39 occurr-
ing 0.L6 sec after contact. There are other vertical peak values spread
over the graph which have values of 1.0 to 1.1l G, The above observations
are in agreement with the car performance which showed a violent pitching
action in the longitudinal plane. On the lateral deceleration record a
severe maximm G factor of 2.12 occurred 0.93 sec after contact, A com-
parison of the enlarged record in each plane indicated a rapid and violent
lateral movement or skidding of the rear end of the test car. However, the
driver did not report any serious deceleration reaction from the seat or
shoulder belts.,

Summer Tests~=Nos. 8 and 9 (angle)

Test No. 8 was a 20-deg angle test. The contact speed was planned
for 30 mph because it was expected that the car would swerve through the
thin 8-ft wide hedge. The car passed completely through as predicted and
the brakes were applied outside the hedge to prevent serious injury. As
a result, little reliable data for evaluation were available,

The car followed a straight line for about 20 ft, after which it
veered left on an arc. It was finally stopped L3 ft from the contact
point measured along the axis of the hedge. Figure 1l shows the vehicle
after it had crashed through and stopped with the help of its brakes.

Test No. 9 was run on a section of the hedge, shown in the foreground
of Figure 1, It was made on a 10-deg angle approach and was planned for
a speed of 30 mph. The performance of the car was similar to that for pre-
vious angle tests. The car was stopped by the hedge, but the impact with
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Figure 1L. Car stopped after crashing through hedge—test No. 8

the central mass caused the rear of the car to swing violently through an
arc of about 80 deg to the axis, Had the hedge at this point been wider
and more dense, a more gradual stop would probably have occurred.

Winter Tests—Nos. 10, 11 and 12 (head-on)

Test No. 10 was planned to duplicate the speed obtained in test No. 6.
The stopping distances and elapsed time for these tests are quite similar
(Table 1). The hedge was similar in width and density although the ground
within the hedge on test No. 10 was quite irregular and many rocks were ob-
served to be partly exposed. The approach was on a slight downgrade, and
there was a considerable cross slope to the ground. Although the bushes
were devoid of leaves, the performance of the hedge was similar in all re-
spects to that described for test No. 6.

Test No. 11 was planned to duplicate the summer test No. 3, which had
a contact speed of 21 mph., Because the remaining hedge in this section was
located on very rough and rock-strewn ground, it was too dangerous to run
any high-speed tests which would have required long stopping distances.
The results of test Nos. 3 and 11 were quite similar.

SUMMARY OF FINDINGS

The findings are based upon the results of tests obtained under the
conditions described in the report.

1. The effective traveled length within a multiflora rose hedge re-
quired to stop a passenger car for a given speed, and without the use of
power or brakes, was dependent upon the age of the hedge, the density of
the hedge, and the spacing of the bushes,

2. Angular approach and contact with the hedge did not deflect the



17

car away from the barrier. Once the car was turned into the hedge, the
angle-approach crash appeared to require about the same effective length
of hedge to stop the car as was required by the head-on crashes.

3. Hedges of multiflora roses were proved to be effective barriers
for stopping passenger automobiles, provided the width was sufficient to
prevent the vehicle from passing through the hedge. For a vehicle to be
stopped within the hedge at speeds not to exceed 50 mph, without the use
of brakes or power, the minimum required effective length of hedge on the
path of travel was 75 ft.

k. The performance and effectiveness of the hedge in stopping the
car were about the same for the winter tests as for the summer tests.

5. The multiflora rose hedge provided a tough, resilient, yielding
barrier and permitted the forces of impact to be absorbed so gradually
that the maximum deceleration was well within human tolerance.

6. The test vehicle was not damaged except for very minor scratches.

7. It was estimated that 25 percent of the bushes were pulled out.

The remaining 75 percent of the plants were not critically damaged and
should grow again to almost full effectiveness within three years.

8. During the destructive testing of the multiflora rose hedge bar-
rier, a recurring crash phenomenon developed which indicated that a sizable
portion of the energy absorbed by the barrier occurred after a mass of loose
sheared bushes had accumulated ahead of the car. The shearing of the bushes
ceased when the moving mass bent over the forward bushes.

9. Conclusions drawn from the test driver's observations and reactions
are summarized as follows: (a) after the car crashes the barrier and is
enmeshed in the hedge, the driver has no steering control of the vehicle,
(b) the forces experienced during the stopping period seemed no more severe
than an extreme emergency stop.

RECOMMENDATIONS

The following recommendations are suggested for consideration in the
event that barriers of the type tested are planted along highways:

1. Bushes should be planted on L-ft centers in staggered rows, and
the spacing of parallel rows should be a maximum of L ft.

2. The total width of hedge recommended for stopping vehicles within
the hedge, and without brakes or applied power, at speeds not to exceed
50 mph is:

Angle of approach Width of hedge

in deg in ft
5 25
10 30
20 Lo
30 50
90 80

3. To relieve monotony, it is suggested that long and continuous
hedges be broken at short intervals, or that other forms of landscaping
be employed frequently.

h. A future testing program should be planned and multiflora roses,
as well as other suitable varieties of plants, should be planted in a 50-
ft level or depressed median strip on a level section of highway, in order
that more satisfactory crash studies can be made under actual highway con-
ditions.



18

5., Experimental plantings of the type tested above should also be
made so that the related problems of snow removal, drainage, accumulation
of litter, monotony and highway-user reaction may be studied and compared
to the advantages of life-saving possibilities of barrier hedges.
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