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I. BACKGROUND AND INTRODUCTION

Ifi Deceitber of 1963, the U, S. Bureau of Public Roads
tequéested that the California Division of Highways specify the
use of aluminum as an alternate to steel on future beam guard
*ail contracts or provide justification for continuing to
specify steel only.

The general policy of the California Division of Highways
has been to specify the most appropriate material in critical
applications where the different materials available affect the
performance of a structure by their different physical character-
istics. It was felt that the considerable difference in certain
physical and mechanical characteristics of steel and aluminum
raised substantial doubts as to their interchangeability as
barrier members, even by substitution of a heavier gage of
aluminum alloy for the 12 gage steel currently used.

A structurally safe guard railing or barrier is of primary
importance to highway traffic safety, as evidenced by traffic
accident studies and the comprehensive research California has
maintained in this field for the past twelve years.

From past experience with full scale dynamic impact tests
on metal beam railing and median barriers, it was found that
pocketing during dynamic impact was the one major factor that
spelled the difference between a successful guard railing and a
failure (Ref. 1). For instance, under static loading tests the
steel Tuthill (metal plate) guard railing exhibited the same
joint strength.as did the steel "W section beam. However, under
the dynamic loading of a controlled vehicle impact, the Tuthill
rail pocketed excessively and failed. The effect this pocketing
has on the success or failure in the performance of any specific
rail material or design can only be determined by controlled
dynamic tests or field performance.

Therefore, in order to proof test and provide adequate data
to prepare alternate specifications for aluminum alloy metal
beam guard rail and median barrier railing, it was requested
that a research project consisting of six full scale dynamic
tests on aluminum and steel metal beam guard railing and median
barriers be added to the 1963-64 Work Program HPR 1(1l). Bureau
approval was received in February 1964 and subsequent.Head-
quarters W, 0. 64-19U51H19 was issued to provide funds for con-
ducting the six dynamic impact tests. In September 1964, after
completion of five of the originally scheduled six tests,
additional funds were requested and approved for a continuation
of the research program.

This report presents test results from the resultant full
series of nine full scale dynamic impact tests on steel and -
aluminum median barriers and guard rails and analysis of the
dynamic data recovered during the tests. The angle of impact
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The blocked-out type of semi-rigid barrier design used in
this series of tests on aluminum and Steel beams (Exhibit 1)
is a result of tests conducted in 1958 and 1959 on g series of
Several designs (Ref. 1). Although the 1959 study revealed
the double blocked-out design to be the most efficient in
Performing the design function, the tegt program did not include
any high speed tests on the single blocked-out barrier or guard
railing design to determine the effects of varying the design
parameters,

Tests 101 through 104 (see Exhibits 2 and 3) were conducted
on double blocked-out median barriers. The procedure consisted
of first proof testing the current California standard design,
~using steel for the standard "W beam and the channel rubbing
-rail to obtain a bage for comparison of the other designs. Thig
initial proof test was designated Test 101. The subsequent tests
included modifications of the standard design of Test 101 as

l. Test 102 - a 0,125 inch thick aluminum alloy
(Alclad 2024-T3) uym section beam with aluminum
channel rubbing.rail (6061-T6).

2. Test 103 ~ a 0.156 inch thick aluminum alloy ™y
section beam with aluminum chamnel rubbing rail,

3. Test 104 - a formed 12 gage steel "hat" section
as rubbing rail. :

Tests 101, 102, and 103, which were constructed to the
Same geometric design, permitted comparisons to be made of 12
gage (0.105 inch thick) steel "yv beams vs. 0.125 inch thick
aluminum, and 12 gage steel vs. 0.156 inch thick aluminum.

roll-formed "hag' section proposed for use as an alternate
rubbing rail. (see Exhibit 4),

Test 106 (Exhibits 2 and 3) was conducted on the current
single blocked-out metal beam median barrier design. This
design is geometrically one~half of the standard doubie blocked-
out median barrier design, the steeil "yw beam and chamel
rubbing rail being mounfed only on one side of timber posts at

6'-3" centers,

Tests 105, 107, 108, and 109 (Exhibits 2 and 3) were per-
formed on blocked-out metal beam guard railing designs. The
- current California standard guard railing design was Proof

tested in Test 105 in order to obtain base data to compare with
test data on other guard railing designs. Thig design consists






of a standard 12 gage galvanized steel "% gection beam mounted

with the top 24 inches above the ground.om timber posts spaced
12'-6" on centers. The remaining designs tested included the
gol}owing modifications of thisg blocked-out guard railing
esign:

1. Test 107 - post spacing reduced to 6 £ft. 3 in.
and the beam height raised to 27 inches.

2. Test 108 - post spacing reduced to 6 ft. 3 in.

3. Test 109 - 0.156 inch thick aluminum alloy
Alclad 2024-T3 "W™ section beam on posts at
6 ft. 3 in. centers.

The performance comparisons for guard railing made possible
by the "above modifications include (1) steel vs. aluminum,
€2) 6 ft. 3 in. vs. 12 ft. 6 in. post.spacing, (3) beam height
of.24 in. vs. 27 in. for post spacing of 6 ft. 3 in., and (4) a
general comparison of the single blocked-out (30 in. beam - -
height) median barrier design with guard railing designs (see
Exhibit 2). .

This'work was accomplished in cooperation with the U. S.
Bureau of Public Roads.







II. OBJECTIVE

The primary objectives of this test series were as follows:

1.

To observe the effects of modifying the current
blocked-out metal beam median barrier and guard
railing designs by varying beam and rubbing
rail materials, beam metal thickness, beam
height above the ground, spacing between posts,
and cross sectional design of the rubbing rail.

To determine effective and economical modifica-
tions (beam height and post spacing) to make

the present standard blocked~out guard railing
design a more positive barrier when required.
Test results would be used as a basis for design
changes on future installations.

A secondary objective of this study was:

To determine the effectiveness of the current
Californmia standard blocked-cut metal beam
median barrier and guard railing in slowing
and redirecting vehicles impacting at medium-
high to high speeds.
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ITII. CONCLUSIONS

The following conclusions are based on an analysis of the

results of the nine impact tests conducted during this seriegs

MEDIAN BARRIER

1.

The results of Tests 101 and 104 proved conclusively
that the double blocked-out steel metal beam median
barrier with standarq "W" beams mounted at an over-all
height of 30 inches above the ground and with steel
channel lower rubbing rails on timber posts at 6'-3%
centers as originally designed in 1958 is effective.
and efficient in redirecting a vehicle impacting at
high speed (68 mph),

The single blocked-out steel metal beam median barrier
(Test 106) with a standard "W" beam mounted at an over-

greater.

Aluminum alloy 2024-T3 in 0.125 in., thickness is unaccept-~
able (Test 102) and in 0.156 in. thickness is questionable
(Test 103) as a substitute for 12 gage (0.105 in. thick)
galvanized steel in the “W" section beams of double blocked-
out median barriers. Although the 0,156 in. thick aluminum
beams of Test 103 did not fail, no definite conclusions
regarding the extent of aluminum performance or reliability
can be made from the results of this one test based on the
panner and time sequence of failure of the 0.156 in. thick
blocked-out single aluminum beam in metal beam guard
railing Test 109. For this same reason, aluminum alloy
2024-T3 in 0.156 -in. thickness is considered unacceptable
4s a substitute for steel in the "W" section beam of the
single blocked-out median barrier. _

The 12 gage galvanized steel roll-formed "hat"™ section
rubbing rail used in Test 104 did not perform.as well as
the structural steel or extruded 6061-T6 aluminum channel
sections of Tests 101 and 103. The loss of section
modulus and beam strength of the ™hat" section due to
collapse of the section permitted. critical pocketing at
the first post after impact, a condition that usually leads
to wheel entrapment by the posts.

GUARD RAILING

1.

The 24 inch over-all height above the ground of the blocked-
out beam in the Present California standard metal beam






guard railing design is too low when supported on” timber
posts at 12 ft. 6 in. tenters. ©Long spans decrease the™
laterdl and torsional stability of the beati and increase
the tendency of the impacted beam to rotate ot lay back
about its own axis permitting the impacting vehicle to
vault over as in Test 105.

Blocked~out guard railing beams mounted at an over-all
height of 24 in. and supported at 6 ft. 3 in. post spacing
may perform satisfactorily, as indicated by Test 108. =
However, a review of bumper characteristics of many late
model passenger vehicles revealed that under certain
conditions it is possible that an impact could occur above
the centerline of a 24 inch high beam (see Exhibit 5),
resulting in a high speed vehicle vaulting or rolling over
the railing. o

A beam height of 27 inches above the ground with a post
spacing of 6 ft. 3 in. (Test 107) appears to be the optimum
for blocked-out guard railing without a lower rubbing rail.
Guard railing beams should be blocked out at least 8 in.
from the posts. ' -

.Barrier or guard railing installations with metal beams

mounted at heights of more than 27 inches, even though
blocked-out, require a bottom rubbing rail to prevent
wheel entrapment at the posts.

The results of Test 109 indicate that 0.156 in. thick
Alclad 2024~T3 aluminum alloy is entirely unacceptable as
an alternate for 12 gage galvanized steel in blocked-out

"W" section beams used in metal beam guard railing installa-
tions, including the single blocked-out metal beam median
barrier. The greater flexibility of the metal beam guard
railing with single blocked-out beam (even at 6 ft. 3 in.
post spacing) as compared to the double blocked-out median

barriers under dynamic loading, permits deflections at

rates and magnitudes incompatible with the mechanical
properties of Alclad 2024-T3 aluminum alloy.
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Median Barrier

IV. RECOMMENDATIONS

1.

4,

It is recommended that no changes be made in either the
current design or materials for the double and single
blocked-out median barrier. Operational studies have’
been substantiated by the findings of this test series;
that the current blocked-out design is not only effective
in preventing cross~overs but efficient from a mainte-
nance standpoint.

Alclad 2024-T3 aluminum alloy in 0.125 in. thickness
should not be used as an alternate for galvanized steel
in standard "W" section beams .used in single or double
blocked-out median barrier designs.

Alclad 2024-1T3 aluminum alloy in 0.156 in. thickness
should not be used in the standard "W" section beam of
the single blocked~out median barrier.and should be
tested further before use in the double blocked-out
median barrier.

A 6L 3.0 aluminum alloy 6061-T6 rail may be substituted
for the 6 L 8.2 galvanized structural steel lower rubbing

rail on the single or double blocked-out median barrier
(Test 103).

Guard Railing

1.

All guard railing beams should be blocked out at least
8 inches from the posts as currently specified. '

Post spacing should not exceed 6 ft. 3 in. where guard
action rather than guide functions are required.

Normally, the over-all height of the blocked-out beam
on future metal beam guard railing installations should
not be more than 27 inches and preferably not less than
26 inches above the ground. When it is necessary to
place the beam height at more than 27 inches, a bottom
channel rubbing rail should be used.

Post embedment should not be less than 36 inches on
flat ground (10:1 slope and less). This would neces- '
sitate an increase of 3 inches over the present 60 inch
guard rail post. Special comsideration should be given
to post embedment depth when placement is within 1 foot
of a 2:1 or steeper fill slope or where soil conditions
dictate the use of longer posts.
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The most practical and economical method of modifying
present guard railing installations located in problem
areas would be to install additional posts to bring the
railing up to the forementioned proposed staiidard of

6 ft. 3 in. post spacing. If the existing beam is not
blocked-out, this should be done, simultaneously.

In more hazardous locations it is strongly recommended
that in addition to placing posts at 6 ft. 3 in. centers
the over-all beam height be increased from 24 to 27 in.
above the ground. If extra long posts (standard 72 in.)
long median barrier posts) were used for the additional.
reinforcement, it is felt that the existing posts could
be jacked up 3 inches from their original position with-
out any appreciable loss of stability to the system.

Where positive barrier action is required, it is recom-
mended that the single blocked-out metal beam median
barrier design with “W'" beam at an over-all height of
30 in. above the ground and channel rubbing rail
supported on posts 6 ft. 3 in. on centers be used as a
guard railing.

Alclad 2024-T3 aluminum alloy in 0.156 in. thickness or
less should not be used as an alternate for galvanized
steel "W™ section beams used in guard railing designs.







V. DISCUSSION
BEAM HEIGHT

The results of this series of tests confirmed the importance
of those design parameters tested in obtaining adequate
designs for median barriers and guard railing. The height

of the beam above ground, however, appeared to be one of the
more significant variables contributing to the effectiveness
of the barrier system. This parameter was not varied for the
double blocked-out median barriers, a decision based on pre-
vious tests (Ref. 1) and satisfactory operational experience
(Ref. 2). Tests 101, 103, and 104 supported the decision and
indicated the beam height of 30 in. above the ground to be at,
or near, optimum for the particular geometric design with
rubbing rail currently used for the single or double blocked-
out metal beam median barrier.

The beam height was varied from 24 in. to 27 in, above the
ground in the blocked-ocut guard railing test installationms.
Test 105 revealed the current California standard guard
railing design to be ineffective and unreliable in redirect-
ing modern vehicles traveling at high speeds and impacting
at an angle of 25 degrees. The low beam height (24 in.) of
the guard railing in Test 105 contributed materially in
allowing the vehicle to mount and vault the installatiom.
During the first few moments of impact, the beam deflected
a small amount horizontally, rotating with the barrier as a
whole as it was deflected. However, almost immediately after
impact the deflecting barrier system reached a point, where,
due to the beam angle and location of impact forces (front
bumper) the beam rotated about its own axis and was laid
back to a ramp position. As the front wheel of the vehicle
retracted upward into the wheel well, it mounted the beam
quite easily and smoothly (see Figure 1 below).

Figure 1
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This same 24 inch beam height was retained for Test 108;

however, the post spacing was halved to 6 ft. 3 in. The

vehicle was successfully redirected because the shorter

gpan increased the lateral and torsiomnal stability of the
eam,

Raising the beam height to 27 in. and retaining the 6 ft.
3 in. post spacing for Test 107 produced results very
similar to those of Test 108 but there was less pocketing.

The deflection patterns appear to be fairly well defined for
beams of different heights. Beams at a height of 30 in.

.§Tests 101, 103, 104, and 106) deflecsted laterally and upward

see Exhibit 3).

Upward deflections were the resuit of the "riding under"
tendengy of the vehicles. A slight roll to the right or
outward from impact was transmitted to each of the wvehicles
in Tests 101 and 104, and no perceptible roll was trans-
mitted to the vehicles in Tests 103 and 106, The roll was
held to a minimum value as the beam provided a restraining
force to the upward movement of the left side of the vehicle
{see Exhibits 3 and 6).

Although single guard railing beams mounted at lower heights
{24 in. to 27 im.) and adequately supported at 6 ft. 3 im.
centers did not exhibit as much upward deflectiom, the lateral
deformation was approximately the same as for Tests 101, 103,
and 104. It is apparent, however, that the single beams of
Tests 107 and 108 would have exhihited deflections larger than
those of the double beams of Tests 101, 103, and 104 were they
subjected to the higher speed impacts of the latter. Beams

at a lower height (24 in. to 27 in.) showed a slight rotation
outwardly on their longitudinal axis due te a combination of
the deflection behavior of the barrier system and the outward
roll of the vehicle. These small ocutward rotations were not
evidenced in the beams mounted at a 30 inch height where the
larger upward deflections prevented vehicular roll.

The extent of pocketing in proportion to the vehicle speed,
evident at lower beam heights, can alsc be interrelated to
the larger exit angles (see Exhibic 3}.

RUBBING RAIL

A moderate amount of post damage caused by entrapment was
evident in the guard railing tested in Test 107, which
indicated 27 in. to be the maximum beam height that could
be used without a rubbing rail. The rubbing rail was found
to be 2 major component in ingtallations with beam heights
exceeding 27 inches. In Tests 101, 104, and 106 the bottom
rubbing rails sustained considerable damage and materially
aided the beams in redirecting the vehicles. Although this
function is secondary to that of preventing post entrapment,






it contributes considerably to the efficiency of blocked-
out barrier performance. Although there was no failure
in the "hat'' section bottom rail used in Test 104, it
exhibited a performance that was inferior to that of the
structural steel and extruded aluminum channel sections.
The section modulus of the '"hat' section was lost entirely
in the impact zone when the.section was flattened by the
vehicle (see Figure 2 below). Static loading tests on
this member showed the same lack of ability to support a
bending load (see Exhibit 7). The resultant pocketing at
the post effected @ condition more conducive to wheel
entrapment than was experienced in Tests 101 or 103 where
steel and aluminum channels were used.

Figure 2

BUMPER HEIGHT VS. BEAM HEIGHT

Analysis of the results of Test 105 showed that the
vaulting problem on the blocked-out metal beam guard
railing was compounded by the front bumper geometrics
of the 1962 Chrysler test vehicle (see Figure 3 on the
following page).
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Figure 3

Further investigation of bumper geometrics revealed that a
majority of the Detroit manufactured vehicles for the years
1962-65 were equipped with bumpers having characteristics
similar to those of the 1962 Chrysler test vehicle. It is
possible that this feature of the newer vehicles has con-
tributed to the high incidence of guard rail vaulting
reported by the Traffic Department. It may be noted in
Exhibit 5 that the bumpers of the newest automobiles from
the four leading manufacturers would strike a 24 inch high
guard rail above the center of rotation of the beam. This
point of impact, in conjunction with the curved, sloped-back
design of the bumper, increases the possibility of vaulting.
For this reason it is recommended that all future beam type
median barriers or guard railings be designed with an
over-all height of at least 26 inches above the ground.

POST SPACING

The importance of compatibility between beam height and
post spacing can be amply demonstrated by comparing Tests
105 and 108. Although three of the posts at close spacing
(6 ft. 3 in.) were shattered or badly damaged in Test 108,
there was sufficient resistance to rotation, provided for a
sufficient length of time, to develop the beaming action
necessary to effectively redirect the vehicle. In Test 105
with the beam at the same 24 in. height but with posts
gpaced at 12 ft. 6 in., the vehicle readily vaulted the
arrier.
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Therefore post spacing, as well as beam height, should be
considered a major factor affecting barrier performance.

The obvious functions of posts within a barrier installation
are to transmit forces of impact to the foundation soil and
to hold the beam in the designed position. However, in
order to function properly, the posts must also lend stabil-
ity to the beam to allow development of beaming strength.

EFFECTIVENESS OF BLOCKED-OUT BARRIERS IN PREVENTING ROLL

The relative effectiveness of the blocked-out barrier or
guard railing design in preventing excessive roll of the
vehicles may be seen by comparing two tests conducted in
1958 (see Exhibits 8 and 9). During contact with any beam-
type barrier, an impacting vehicle attains a roll approxi-
mately equal to the angle between the vertical and the plane
containing the beam and the post at ground level. Blocking
out aids in reducing the angle by maintaining the beam some
distance away from the deflected post. For cases imn which
the lateral post deflections are not excessive, the plane
containing the blocked-out beam and the post at ground level
is very nearly vertical. The height of the blocked-out beam
is maintained or increased slightly during post rotation, as

"shown below in Figure 4. The effect of the blocking-out is

to minimize vehicle roll by providing restraining forces
above the center of gravity of the vehicle. 1In contrast,
the height of the non-blocked-out beam immediately decreases
during post rotation thereby decreasing the effectiveness of
the barrier's restraining forces.
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F. BEAM MATERIAL

when materials of sufficient strength are used in conjunction
with a proven geometric design, Thig point was amplified by
Tests 101 through 109 in general, and Tests 102, 103, 105,
and 109 in particular. Of the three barrier failures in the
series, the aluminum beams of Tests 102 and 109 exhibited
umerous individual failures through the impact zone, In
both tests, failures resulted from longitudinal tensile and
bending Stresses, or combinations of both, in excess of. those
capable of being resisted by the beams (see Exhibit 10). The
0.156 in. thick aluminum beam performed,satisfactorilyhin
Test 103, Being of thicker material than that used for Test
102 (0.156 in. vs. 0.125 in.), the strength in tension was
sufficient to resist the longitudinal forces, thereby allow-
ing the development of a beaming strength adequate for the
corresponding deflection. This was not true in Test 109,
although the aluminum beam was of the same thickness as that
of Test 103, However, in Test 109 a single "W" beam was used
whereas in Test 103 double *"W"™ beams ag well.as rubbing rails
were employed. It is therefore concluded that the greater
stiffness of the double-beam barrier contributed significantly
to the performance by minimizing the magnitudes of the
deflections.

Stress concentration. These bending stresses, present with
large beam deflections, cause local buckling of the top and
bottom elements of the beam section, The buckled’areas,
appearing as ripples along the tops of the beam, are more
dpparent in steel sections although they do not cause tears
as in the aluminum (see Plate 104-D). Failures of a luminum
beams, other than those through a reduced section, were
observed to begin near the center of a beam cross-section
where the bending stresses were the greatest and pProgress
transversely across the beam. The difference in performance
of steel and aluminum appedars to stem from the difference in
stress-strain relationships and ductility of the two mate-
rials (see Exhibits 7 and 11).

An objectionable characteristic of the aluminum beam is itgs
unpredictable behavior during loading imposed by an impact-
ing vehicle. Thig characteristic wasg illustrated by Test
109 where the vehicle, while being redirected in the usual
manner, was suddenly ejected from the barrier in an erratic
and undesirable trajectory as the beam failed.

Due to the unpredictable manner of load application by the
various vehicle components, a beam must be capable of with-
standing large localized deformations. Steel beams exhibited
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Compare the examples (page 15) of deformed steel beams that
were successful in redirecting the vehicle with the examples
of aluminum failures shown in Exhibit 10.

ENERGY DISSIPATION

The behavior pattern of any semi-rigid type barrier subjected
to vehicle impact must include deflections if the barrier is
to transmit lower deceleration values and smoother low angle
exit trajectories to impacting vehicles than a rigid type
barrier. At the instant of impact, the vehicle has a certain
amount of kinetic energy which may be resolved into components
parallel and perpendicular to the barrier. In order that the
vehicle may be redirected effectively, the energy component
perpendicular to the barrier must be reduced or dissipated.
The energy dissipation is accomplished through bending distor-
tion and crushing of various parts of the vehicle and the
barrier, including the foundation soil. A positive redirected
trajectory is imparted to the vehicle only when its lateral
kinetic energy component is dissipated to the extent that it
is less than the resistance of the barrier to further lateral
deflection.

BARRIER BEHAVIOR

1l. Beam Reaction:

Although the type of barrier in this series is referred
to as a "beam barrier®™, the beam itself must be capable of
withstanding high axial tensile stresses if it is to func-
tion properly. This feature has received comments by
other researchers, some of whom state that full tensile
strength of the rail should be developed (Refs. 3 and 4)
while others claim by definition that axial tensile
stresses may be considered to be negligible (Ref. 5).

It is believed that more light should be brought to bear
upon this aspect since Tests 102 and 109 illustrate
effects that may be expected when the imposed temsile
stresses cannot be resisted by the beam.

Some insight as to the magnitudes of the tensile stresses
was gained from observations of the longitudinal move-
ments of the beams during impact loading and the effects
of such movements. As the vehicle strikes the barrier,
the lateral deflection of the beam pulls the beam longi~
tudinally toward the impact area from both directions
along the installation. This movement is resisted by
the posts through the bolts used for mounting the beams
and blocks to the posts. As the beam begins to move,
before all the slack in the bolt slots is taken up, the
resisting force consists primarily of friction between
the beams and blocks. When the ends of the slots reach
the bolts, an additional resisting force is provided.

In most instances, some movement still occurs resulting
in bending of the bolts. This bending of the bolts
results in extremely high bearing pressures on one-half






of the block-post interface. Observations during this
test series revealed that the block frequently splits
through the bolt hole in a plane perpendicular to the
barrier. There were instances where the shearing action
of the bolts extended the slot length in the steel beam
rail by approximately five inches (see Figure 8 below).
However, these severe reactions were limited to the
impact zone, where larger strains in the beams were
evident.

Figure 8

Two types of post splitting were observed. In the
impact zone, posts sometimes split through the bolt
holes. At locations outside the impact zone, cracks
were observed near the edges of the posts, caused by
the high bearing pressures of the blocks. When no
slack was available in the bolt hole slots for longi-
tudinal beam movement, greater torsional loads were
transmitted to the posts and into the soil as was
evidenced by wedge shaped gaps between the posts and
the soil along the sides of the posts. Operational
experience indicates that post splitting near points
of impact on guard rail installations is fairly common
for Douglas fir posts, but unusual for the older
installations where redwood posts were used.

The above discussion on barrier behavior refers mainly
to guard rail installations since the added stiffness






of the double blocked-out median barriers tends to
contain and restrict severe damage and deformation of
barrier components to the immediate impact zone.

Post-Soil Reactions:

Reviews of test data film and inspection of the instal-
lations after impact indicate that posts are also
subjected to severe damaging forces from direct vehicle
contact and beam restraint. Final deflected positions

of the posts were somewhere between the original verti-
cal positions and the maximum dynamic deflected positionms.
Maximum horizontal dynamic deflections through the impact
zone exceeded final deflections by as much as 50 percent
for double blocked-out metal beam median barriers and

150 percent for guard railing. In transmitting the
forces to the solil at the test site, a clayey, silty
sand, the posts deflected horizontally and rotated about
points along their vertical axes. As the lateral
deflections of the post tops increased, the centers of
rotation moved down along the post axes. For very large
deflections they appeared to be very near the bottom of
the post, which is in agreement with previous findings
(Ref. 6) for rigid posts (see Figure 9 below).

Post ¢ Run 102 Post #13 ¢ Run 107
18.5 —m
5.8} " £2.0%]
" ax. | Aol
, ""_?‘\ {Dynamic) 4.8
o H
\ ;‘,’\ S, “—Top of Post

[ Finol !

l \_fi
777 m?’j
1 | \
Final position is 29.5" ! 27"t
indicated by #13) 35"
centerlines 1 3Le"
\ (#:14)
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Since the installation was constructed on an airport
runway with no imported base material, the two-inch
asphalt wearing surface provided a cover which
afforded an excellent opportunity to observe the zones
of maximum stress within the soil. The asphalt behind
the posts sheared cleanly in almost perfect circles
approximately two feet in diameter with the back faces
of the posts cutting chords from them. These circles
were apparent only for posts in the impact zone and
indicated the limits of shear failure within the soil
at the ground surface.

Figure 10 shows soil heave after ome of the latter
tests. The adjacent asphalt had been removed during
recompaction from the previous tests.

Figure 10

I. OPERATIONAL EXPERIENCE

1.

Field Observations:

The blocked-out beam barrier concept has been sup-
ported consistently by satisfactory performances of
single and double blocked~out metal beam barrier field
installations. Investigations of in-service barriers
at accident locations revealed barrier behavior
patterns almost identical to those exhibited by






successful test barriers. Double blocked-out median
barriers have performed exceptionally well as illus-
trated by Figures 11 and 12 below.

Figure 11

Figure 12

The operational success of the current blocked-out
guard railing (at 12 ft. 6 in. post spacing) has not
equalled that of the double blocked-out median barrier.
However, Test 108 shows that the basic single blocked-
out design is effective in redirecting vehicles
providing compatible design dimensions such as 6 ft.

3 in. post spacing and 24 in. (preferably 26 to 27 in.)
over-all beam height are used.

Observations of damaged short sections of single
blocked-out guard rail with posts at 12 ft. 6 in.
centers used as obstruction deflectors for sign posts
and bridge columms revealed marginal performances by
the railings, as illustrated on next page in Figures
13 and 14.

~20~






Figure 14

Figure 13

In many instances the barriers were struck near end
posts which were knocked flat or dislodged from the
beams. This condition results in little or no devel-
opment of beam action. Occasionally, the free end of
the beam is bent in such a manner that it protrudes
over a portion of a traffic lame. The hazard must
then be removed with the use of a cutting torch (see
Figures 15 and 16 below).

% et

Figure 15 Figure 16
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Large lateral post deflections and deformations of
the foundation soil around the posts were observed
(see Figures 17 and 18).

-22-

Figure 18

it was noted that when these deflector guard rail
installations were struck near the midpoints, they
tended to deflect laterally as a unit with the beams
remaining relatively straight. " This may be partially
due to poorly compacted or saturated soils but would
be eased in any event by closer post spacing.

General Remarks:

The modifications pertaining to blocked-out guard
rail design recommended in this report should result
in increased effectiveness of field guard rail
installations.

Certain design factors appear to be more significant

in short deflector guard rails than in the longer
median or guard rail installations. For instance, in
short installations the posts must withstand greater
loads than those of lomger installations which permit
some transfer of load to posts at appreciable distances
in both directions from the impact point. The tendency
of the short barrier to deflect laterally as a unit
(Figures 17 and 18) indicates that the resistance of
the post-soil system is less than the resistance of the
beam to large permanent bending deflections. Improve-
ment of soil resistance may be obtained from better
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compaction of backfill around the posts. 1In field
installations, holes at deflected posts were some-
times observed to be lacking a sufficient amount of
compacted backfill material. Since the original
drilled hole could be distinguished, it was presumed
that the backfill material was easily dislocated by
the shock of impact (see Figures 19 and 20 below).







Extremely wet weather conditions tend to reduce the
strength of the soil surrounding the post. This
operational deficiency was alsoc noted on installa-
tions of double blocked-out median barrier struck
after an extensive wet spell (see Figures 21 and 22).

Figure 21 Figure 22
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The following section includes nine groups of plates

VI. BARRIER TESTS

-25a

covering all pertinent data and photographs of the nine impact
tests. Each group covers the following:

A.

A detailed description of the barrier installa-
tion, purpose, performance, barrier damage,
and vehicle damage.

A data sheet showing overhead camera views of
vehicle through impact and a tabulation of
test parameters.

A series of sequence pictures from the front
data camera or scaffold mounted Hulcher camera.

Detailed photographs of barrier and vehicle
damage.

Detailed photographs of vehicle damage.






TEST 101 PLATE A

BARRIER: Double blocked-out metal beam median barrier with
standard 12 gage (0.105 inch) galvanized steel "W" section
beam and 6 L 8.2 galvanized steel bottom rubbing rail.

PURPOSE: To proof test the current California standard double
blocked-out metal beam median barrier design and serve as a
gage of the effectiveness of the aluminum alloy beam and rail
components used in Tests 102 and 103 of this series. This
test was used also as a base to evaluate the performance of
the “hat" section bottom rubbing rail used in Test 1.04.

PERFORMANCE: The vehicle struck the barrier between posts and
remained in contact with the barrier for approximately 18 feet
before being redirected to an angle of 15 degrees with the
barrier and to a maximum rebound of 23.5 feet. The vehicle
traveled 215 feet before crossing the barrier centerline.
There was no tendency for the vehicle to jump. A maximum roll
of 5 degrees to the right was imparted to the vehicle.

BARRIER DAMAGE: Two 12 ft. 6 in. sections of "W" section beam
and two 12 FEt. 6 in. sections of bottom rubbing rail on the
impact side were damaged, as were one 12 ft. 6 in. section of
the beam and one 12 ft. 6 in. section of the bottom rubbing
rail on the side oppogsite impact. Four posts were knocked out
of alignment and two block-out blocks were crushed.

VEHICLE DAMAGE: The vehicle was a total loss.

-26-
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TEST 101 PLATE B
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TEST 102 PLATE A

BARRIER: Double blocked-out metal beam median barrier with 0.125
inch thick aluminum alloy Alclad 2024-T3 “W'' section beam and
6L 3.0 aluminum alloy 6061-T6 bottom rubbing rail. All holes,
slots, and splice plates for bottom rubbing rail were fabricated
in accordance with California Standard Plan A77-8 (Exhibit 1).

PURPOSE: To test the effectiveness of the current California
standard double blocked-out metal beam median barrier design with
0.125 inch aluminum substituted for the standard 12 gage steel

"W"™ section beam and aluminum channel substituted for the structural
steel bottom rubbing rail.

PERFORMANCE: The test vehicle struck the barrier at Post 14 and
penetrated through both beams. As the vehicle progressed through
impact parallel to the barrier, the leading edge of the fractured
beam on the impact side penetrated the vehicle body. The vehicle
progressed straddling the centerline for 18 feet, pivoted at
Post 17 on the damaged right front, and rolled onto its top.

BARRIER DAMAGE: The aluminum "W'' section beams on both sides of
the barrier in the impact area shattered into dozens of fragments
varying in area from 6 sq. inches to less than one sq. inch. 8ix
12 ft. 6 in. sections of aluminum beam were shattered and two

25 foot sections of aluminum channel bottom rubbing rail were
damaged beyond repair. Five posts were knocked out of alignment,
three of which were broken. Four block-out blocks were crushed.
The 6 in. channel bottom rubbing rail on the impact side failed at
a splice. However, close study of the data film shows that the
aluminum alloy beam was already failing when the rubbing rail splice
failed. This deficiency, nevertheless, was corrected in Test 103
by increasing the edge distance to the splice holes.

VEHICLE DAMAGE: As the "W'" section beam on the impact side of the
barrier separated, it penetrated the bottom of the vehicle, ripping
a 6 ft. long gash from the front to rear wheel wells. One three
foot long spear-shaped section of the aluminum beam penetrated the
floorboard in the front seat and lodged in the edge of the seat on
the passenger side. The vehicle was a total loss.
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TEST 103 PLATE A

BARRIER: Double blocked-out metal beam median barrier with
0.156 inch thick aluminum alloy Alclad 2024-T3 "W" section beam
and 6K 3.0 aluminum alloy 6061-T6 bottom rubbing rail. The
bottom rubbing rail was of the same alloy as was used for the
bottom rubbing rail in Test 102. However, to prevent the
shearing failure at the splice that occurred in the bottom
rubbing rail in Test 102, the edge distance for the splice bolt
holes was increased from 5/8 in. to 1-5/16 in.

PURPOSE: To test the effectiveness of the current Califormnia
standard double blocked-out metal beam median barrier design
with the thickness of the aluminum "W" section beam in Test 102
increased from 0.125 in. to 0.156 in. and the edge distance of
the splice bolt holes in the bottom rubbing rail increased.

PERFORMANCE: The vehicle struck the barrier between posts and
remained in contact with the barrier for approximately 12 feet
before being redirected to an exit angle of 14 degrees with the
barrier and to a maximum rebound of 14 feet. The vehicle
traveled 170 feet before crossing the barrier centerline. There
was no tendency for the car to jump or roll.

BARRIER DAMAGE: Two 12 ft. 6 in. sections of aluminum beam and
one 25-foot section of aluminum channel bottom rubbing rail were
damaged. There was no indication of any failure at the bottom
rubbing rail splice joints. Five posts were knocked out of
alignment. Two block-out blocks were crushed.

VEHICLE DAMAGE: The vehicle was a total loss.
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TEST 104 PLATE A

BARRIER: Double blocked~out metal beam median barrier with
standard 12 gage (0.105 inch) galvanized steel "W" section
beam and 12 gage galvanized steel roll formed '"hat'" section
bottom rubbing rail.

PURPOSE: To test the effectiveness of the current California
standard double blocked-out metal beam median barrier design
with the 12 gage galvanized steel ‘hat! section replacing the
standard structural steel channel bottom rubbing rail.

PERFORMANCE: The vehicle struck the barrier between posts
and remained in contact with the barrier for approximately

14 feet before being redirected to an exit angle of 14 degrees
with the barrier and to a maximum rebound of 9.5 feet. The
vehicle traveled 120 feet before crossing the barrier center-
line. There was no tendency for the vehicle to jump. A
maﬁimum roll of 3.5 degrees to the right was imparted to the
vehicle.

BARRIER DAMAGE: Two 12 ft. 6 in. sections of beam rail and

two 25-ft. O in. sections of bottom rubbing rail on the impact
side were damaged, as were one 12 ft. 6 in. section of the
beam rail and one 25-foot section of bottom rubbing rail on

the side opposite impact. Seven posts were knocked out of
alignment and one block-out block was crushed. There was
evidence of a moderate amount of pocketing in the "hat™ section
bottom rail.

VEHICLE DAMAGE: The vehicle was a total loss.
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TEST 104 PLATE B
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. TEST 105 PLATE A

BARRIER: Blocked-out metal beam guard railing with standard
17 gage (0.105 inch) galvanized steel "W" section beam mounted
at an over-all height of 24 inches above the ground on 8 in.
by 8 in. timber posts spaced 12 ft. 6 in. on centers.

PURPOSE: To proof test the current California standard blocked-
out metal beam guard railing design and serve as a gage of the
effectiveness of the aluminum alloy beam rail component of Test
109 of this series.

PERFORMANCE: The vehicle struck the guard railing between
posts. The bumper rotated the "W" section beam axially into

a ramp position, enabling the car to vault the barrier. The
vehicle rose to a maximum height of 30 inches and was airborne
for 25 feet.

BARRIER DAMAGE: Two 12 ft. 6 in. sections of beam were damaged.
Three posts were knocked out of alignment, one of which was
shattered. One block-out block was splintered and one was split.
There was no indication of failure at the splices.

VEHICLE DAMAGE: The vehicle sustained moderate damage to the
radiator and undercarriage of the front of the car. This vehicle
was repaired for $250 and used as the impact vehicle in Test 109.
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TEST 105 PLATE C
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TEST 106 PLATE A

BARRTER: Single blocked-out metal beam median barrier with
standard 12 gage (0.105 inch) galvanized steel "W" section
beam mounted at an over-all height of 30 inches above the
ground and 6L 8.2 galvanized steel bottom rubbing rail on
8 in. by 8 in. timber posts spaced at 6 ft. 3 in., centers.

PURPOSE: To proof test the current California standard
single blocked-out metal beam median barrier design.

PERFORMANCE: The vehicle struck the barrier at a post and
remained in contact for approximately 19 feet before being
redirected to an exit angle of 13 degrees and to & maximum
rebound of 11 feet. The vehicle traveled 160 feet before
crossing the barrier centerline. There was no tendency for
the vehicle to jump or roll.

BARRIER DAMAGE: Three 12 ft. 6 in. sections of beam and
two 12 ft. & in. sections of bottom rubbing rail were
damaged. Six posts were knocked out of alignment, one of
which was broken and one of which was split. Three block-
out blocks were splintered and two were split.

VEHICLE DAMAGE: The vehicle was a total loss.
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TEST 107 PLATE A

BARRIER: Blocked-out metal beam guard railing with standard
12 gage (0.105 inch) galvanized steel "W'" section beam mounted
at an over-all height of 27 inches above the ground on 8 in.
by 8 in. timber posts spaced at 6 f£t. 3 in. centers.

PURPOSE: To test the effectiveness of the current California
standard blocked-out metal beam guard railing design with the
beam over-~all height increased from 24 in. to 27 in. and the

post spacing decreased from 12 ft. 6 in. to 6 ft. 3 in.

PERFORMANCE: The vehicle struck the railing at a post and
remained in contact for approximately 13 feet before being
redirected to an exit angle of 17 degrees and to a maximum
rebound of 19 feet. The vehicle came to rest approximately
78 feet from the point of impact. There was no tendency for
the vehicle to jump or roll.

BARRIER DAMAGE: Three 12 ft, 6 in., sections of beam were
damaged. Four posts were knocked out of alignment and two

additional posts were split. Two block-out blocks were
splintered and three were split.

VEHICLE DAMAGE: The vehicle was a total loss.
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TEST 107 PLATE B
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TEST 107 PLATE C
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TEST 109 PLATE A

BARRIER: Blocked~out metal beam guard railing with 0.156 in.
thick aluminum alloy Alclad 2024-T3 "W section beam mounted
at an over-all height of 24 inches above the ground on 8 in.
by 8 in. timber posts spaced 6 ft. 3 in. on centers.

PURPOSE: To test the effectiveness of the current California
standard blocked-out metal beam guard railing design with
0.156 inch aluminum substituted for the standard 12 gage
(0.105 inch) steel "W" section beam and the post spacing
decreased from 12 ft. 6 in. to 6 ft. 3 in. centers.

PERFORMANCE: The vehicle struck the railing between posts
and remained in contact for approximately 12 feet before the
beam separated, causing a violent 100 degree spin-out. As
the aluminum beam failed, one 8 foot section penetrated into
the passenger compartment through the wheel well and floor
boards, impaling the dummy. The vehicle pivoted about this
section of beam which subsequently broke off near the wheel
well.,

BARRIER DAMAGE: Two 12 ft, 6 in. sections of aluminum beam
were destroyed. The aluminum beam failed completely in three
places. Five posts were knocked out of alignment, three of
which were split. Three block-out blocks were splintered
and six were split.

VEHICLE DAMAGE: The vehicle sustained major damage to the
front end, dash board, and front of the passenger compartment.
The vehicle was considered a total loss.
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TEST 109 PLATE B
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VII. TEST PROGRAM

This series of full scale dynamic impact tests was conducted
on a closed runway of the City of Lincoln airport located approxi-
mately 32 miles north of Sacramentc. The closed portion of the
runway is 300 ft. wide and approximately 1500 ft. long. There is
no imported base material under the 2 inch thick plant mix
bituminous surface.

A, Test Parameters

1.

Construction: Each of the four double blocked-out
median barrier installations was 200 ft. long. The
first three posts (Posts 1, 2, and 3) and the last
three posts (Posts 31, 32, and 33) were embedded in
concrete to provide added strength to the installa-
tion and more closely simulate an infinite length.
The test section was shortened to approximately

165 feet for the guard railing tests to simulate a
length more closely related to those of problem field
installations. However, the concrete embedded Posts 1,
2, and 3 were retained for the guard railing tests to
reduce the possibility of an end failure adversely
affecting the test results should the test vehicle
miss the target point (Post 13) and impact upstream
(say at Post 5 or 6), The remainder of the posts

for all guard railing tests were embedded in com~-
pacted native soil. Many of the posts, particularly
those downstream from impact, survived the entire
series of nine tests without damage. Some of the
posts showed no movement in the soil and required no
recompaction during the series.

As the nine tests were conducted during the dry
season, a close correlation could be obtained on the
lateral stability of the various designs tested.
After each test the soil arcund those posts loosened
during impact was thoroughly recompacted and all
damaged posts, block-out blocks and mounting hardware
were replaced. Compaction of the backfill for the
timber posts was considered equal to or better than
that obtained in the field.

Test Vehicle: The selection of the retired CHP 1962
Chyrsler sedan for a test vehicle was based on the
following requirements established after more than

100 full scale impact tests over a period of ten years.

a. The vehicle should be equipped with an automatic
transmission and be in good mechanical condition
for attaining the required impact speeds (60-70
mph) in a minimum distance (600-800 £ft.) so that
a minimum of radioc control guidance would be
required.






-65-~

b. The vehicle should be representative of the
average one or two year old standard size
passenger vehicle,

VEHICLE CURB WEIGHT
1962 Chrvysier V8 3990 lbs.
1963 Ford Galaxie V8 3990 1lbs.
1963 Pontiac Catalina V8 3975 1l1bs.
1963 Chevrolet V8 3665 1bs.
1963 Buick Le Sabre V8 4120 1ibs.
1963 0lds 88 4185 1bs,
1963 Mercury Monterey V8 4150 1bs.

Although the full size V8 is not exactly repre-
sentative of the average vehicle weight, it does
represent the average of the heavier type
passenger vehicles that would normally be en-
countered on our freeways. It would not be
practical to use a compact or medium weilght
vehicle for proof testing a barrier design
unless there were specific operational problems
involving a particular type or weight passenger
sedan. (For instance, small foreign sports cars
were used in a recent test series to check on
their penetration under cable type median
barriers.)

c. All test vehicles should be identical and in
the same general mechanical condition. Selection
of retired CHP vehicles from a surplus of more
than 50 assured us of an ample supply of cars
that would meet this condition.

Aluminum Alloy: The final selection of Alclad 2024-T3
aluminum for the "W" section beams was confirmed by the
Aluminum Association Committee on Highway Applications.
The Aluminum Association indicated that their recommenda-
tions were based on the results of the industry sponsored
Lehigh University impact test program (Ref. 7). The
engineering report on the Lehigh test series on aluminum
and steel indicated that the aluminum alloy 2024-~T3 “W"
section beams in 0.125 inch thickness performed satis-.
factorily in guard railing designs. (It should be noted
that the Lehigh tests were conducted at a maximum impact
angle of 15 degrees and at 54 to 63 mph impact speed
with medium weight (3140-3465 1lbs.) passenger sedan test
vehicles of 1950 to 1954 vintage.)
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The selection of the 6 3.0 aluminum alloy 6061-T6
channel section for the bottom rubbing rail on the
double blocked-out median barrier tests was based on
the section modulus being approximately the same as
that for the current steel chammel used as a rubbing
rail on the California standard blocked-out beam
type median barrier design. A comparison of the two
materials is as follows:

Steel Aluminum
Property 6" 8.2# 6" 3.0#
Area 2.39 in.? 2.55 in.2
Web Thickness 0.200 in. 0.225 in.
Flange Width 1.920 in. 1.945 in.
Sxx 4.30 in.> 4.52 in.>
Syy 0.50 in.> 0.51 in.>
Steel - A-7, Fy = 33,000 psi

Fg = 0.60 Fy, = 19,800 psi
Aluminum - 6061-T6, Fy = 35,000 psi (ASCE)

Fgq = 23,000 psi (ASCE suggeste& specs
for aluminum alloys)

Although the 0.125 inch thick aluminum "W* section beam
was proposed as thick enough for the double blocked-out
median barrier, preliminary analysis of the test param-
eters (viz: speed, angle, vehicle weight) proposed for
this series compared to those used for the Lehigh tests
indicated that the aluminum beam thickness should be
increased, particularly when used in the blocked-out
guard railing design. The next higher gage aluminum in
ailoy 2024-T3 that was readily obtainable was 0.156 in.
thick.

Test Procedure: The guard rail portion of this test
series was conducted in accordance with the test param-
eters outlined in Highway Research Board Circular Letter
482 dated September 1962 entitled '"Full Scale Testing
Procedures for Guard Rails"™ (Ref. 8). The following
test parameters, extracted from Circular 482, have been
in use by the California Division of Highways since 1958
and have established a uniformity of testing that aids
researchers conducting full scale impact tests under
these test procedures:
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"The test section of guard rail shall be erected as
follows:

1. The rail shall be installed straight and level,

2, Post embedment shall be typical of that expected
in the field.

3. The approach surface shall be smooth and stabilized
or paved.

4. The minimum length of test section shall be 150 ft.,
complete with vertical supports, horizontal members
and end anchorages, as necessary.

The test vehicle shall be of standard design,
weighing 4000 lbs. plus or minus 200 1lbs., with
load, and have a center of gravity approximately
21 in. above the pavement.

Tests shall be made at a speed of 60 mph at impact
angles of 7 and 25 degrees."

As this impact series was conducted to proof test the two
blocked-out designs, the 7 degree impact angle was not
considered severe enough and was deleted from the program.
All tests were therefore conducted at a 25 degree impact
angle,

The median barrier portion of the test series was con-
ducted in accordance with the above with one exception.
An impact speed of 65 to 70 mph was considered more
realistic for simulating the more severe type of median
barrier impacts that are encountered on California's
freeways and expressways. However, the guard rail tests
were conducted at speeds of 58 to 60 mph.,

It is interesting to note that while the selection of

60 mph/25 degree test impact for this project is based
on review cf many accident reports, New York made the
same selection through logic.

The following excerpt from the State of New York Research
Report 63-2, page 6 (Ref. 11) is reprinted below. as an
excellent technical explanation for the selection of the
60 mph/25 degree impact test conditions:

"In reviewing the impact conditions, it was realized
that when a car is traveling parallel to a barrier and
suddenly turns towards the barrier, there is a minimum
radius of curvature which the vehicle is capable of
negotiating. The vehicle is unable to make a sharper
turn simply because the tires will not develop enough
centripetal force to provide the necessary radial accel-
eration. Therefore, by assuming a reasonable coefficient
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of friction (.7) and instantaneous full steer into the
barrier, the.maximum probable impact angle can be com-
puted. These impact angles have been computed for

speeds 30, 40, 50 and 60 mph on highways of various
widths and are tabulated in Table 2. On a 2-lane high-
way, the vehicle might cross a 10-foot shoulder before
impacting the guard rail, or cross the on-coming lane
and then the shoulder for a lateral distance of 25 feet.
On a 3-lane highway, the vehicle might cross an addi-
tional 15 feet, thus traveling a distance of approximately
40 feet laterally. Based on the above figures, an impact
condition of 60 mph at 25° was selected to represent a
comparatively severe accident which could be encountered
on the highway."

TABLE 2

Computed Impact Angles

Speed Lateral Distance from Car to Barrier
(MPH) Straight Road Curved Road (5°)
. . 10! 20! 30! 407 10! 20" 30 . 40
30 28°  40° 29° 410
40 21°  29°  37° 22°  31°  39°
50 17° 24 28°  34° 18°  26° 320 37°
60 14° 20° 24°  28° 16° 229 27° 320
B. Instrumentation
1. Photographic

For this tenth series of impact tests, photographic
instrumentation methods were again used as a primary
method of data gathering. Since first used early in 1958,
this methodology has been successfully employed although
refined considerably. For this Series X test program,
improvements in the method of orienting the cameras were
adopted, similar to that originated by the Cornell Aero-
mautical Laboratories for their impact research (Ref. 5).

. The three ground mounted data cameras (Cameras 4, 5, and

6) were positioned at the same elevation as the sphere
targets on the vehicle. This provided greater ease and
accuracy in determining vehicle trajectory and decelera-
tion for correlation of data from all nine tests. Exhibit
12 is a dimensional layout of the data cameras including
ground targeting and grids. Exhibit 13 is a detailed
photograph of the test site impact zone showing tape
switches, flash bulbs, and ground targeting. The flash
bulb images on the data film provide average vehicle

speed over the last 50 ft. before impact.
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For plotting the x~y coordinates of the vehicle image
through impact from the data films, a Vanguard film
analyzer was used. Exhibit 14 shows exit speed and angle
in tge immediate impact zone, reduced from these coordi-
nates. Butterfly targets mounted on the hood, trunk, and
sides of the test vehicle and the 10 in. diameter spheres
mounted on an aluminum beam on the top of the vehicle
provided excellent targets for plotting (see Exhibit 153).
All metallic surfaces of the vehicles were painted with.
a light grey non-reflective paint to reduce glare and
provide maximum contrast for the data camera records.

The flash bulb mounted on the hood of the crash vehicle
was fired on impact by a "g" switch mounted on the dash-
board. The image from this. flash bulb provided an event
mark for time correlation of all data cameras including
the data camera mounted in the crash vehicle. The pulse
from the "“g" switch also activated an event marker on the
two impact recorders in the crash vehicle to provide time
correlation of the impact recordings with all photographic
data recordings.

A thorough description of the photographic instrumentation
can be found in the engineering report from Series VIII
(Ref. 10).

Test Vehicles

The eight vehicles used for this test Series X were 1962
Chrysler sedans with 383 cu. in. V8 engines and automatic
transmissions. The following preparation procedures were
used to modify the vehicles for remote radio control:

a. The back seat, spare tire, and gas tank were removed.

b. A remote operated CO, system was installed to
activate the brakes on radio command. The ignition
was interlocked with the brakes to cut-out when
brakes were remotely applied.

c. The foot throttle was attached to an actuator
manually activated through a switch (located on
the rear trunk deck) by the test coordinator.

d. A one gallon gas tank provided fuel for the crash
car.

e. Steering was controlled by a 250 ounce-inch step
motor mounted on the dash through a "W" belt drive
to the steering wheel, oo

f. The transistorized radio control unit and translator
for the steering motor were mounted on a chassis in
the trunk of the vehicle. (It is interesting to note
that the radio control unit survived the nine impacts
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with no evidence of damage or any failures.). See
Exhibits 16-A and B for detailed photographs of the
remote comntrol radio equipment.

Acceleration

it was believed that significant decsleration data could
be cbtained from the crash vehicle and the anthropometric
dummy by use of mechanical stylus type “Impactograph'
recording instruments (Exhibits 16-C and D). However,

due to the complexity of the decelerations, and the rela-
tively low frequency respcnse cf the atylus assemblies

on the impact recorders, no valid comparisons between
impact and actual “g" forces could be extrapolated from
the test charts recorded during impact. The readings
tabulated in Exhibit 14 indicate the relative peak impacts
sustained by the vehicle and dummy through collision. The
magnitudes are not to be comsirued as linear. However,
when comparing these impact values with door . deformation,
caused by dummy impact, impact speeds, and types of dummy
restraints, a fair indication of the relative intensities
of the nine impacts can be determined. The direction of
the maximum impact forces for each test appear to be valid
substantiated by the damage sustained by the left shoulder
of the dummy when the vehicle was violently redirected as
in Tests 101, 103, and 104. The high lateral impacts (to
the left) on the dummy in Test 109 would be expected as
the vehicle was partially redirected before the barrier
failed, The extremely high longitudinal impact reading
for the dummy on Test 109 was a result of the beam rail
element contacting the lower abdomen of the dummy and
driving “him" intc the back seat of the vehicle. Needless
to say, this. last test proved fatal to "Sierra Sam".

Dummy Restraints (see Exhibits 17 and 18)

The body restraint systems used on the anthropometric
dummy for this series were furnished and installed by
the California Highway Patrol for the purpose of
evaluating the various harmesses under severe impact
conditions. The slotted “I' bar bracket mounted on the
back of the front seat was developed during Test Series
VIII but not fully evaluated at that time. It was found
that in order to retain the driver in the car during

an oblique collision; a positive method of hcolding the
shoulder straps in position was required.

A full evaluatiorn of the various harnesses used for
dummy restraint during the last rhree test series will
be available at a latar dat=z.
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EXHIBIT 5

1965 1964 1963
CHEVROLET

Comparison of vehicle
bumper heights to
standard 24 inch high
guard rail.

1965

CHRYSLER
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EXHIBIT 6
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LOAD THOUSANDS OF POUNDS

LOAD -THOUSANDS OF POUNDS

CHANNEL DEFLEGCTIONS

EXHIBIT 7
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EXHIBIT &

TEST 505 19 8

Double Beam Type 'W" Section Rail Impact speed 58 mph
mounted on 8- x 8- in. D. F. posts Impact angle 31 deg.
at 6 ft. 3 in. centers. Beam height 25 in.






EXHIBIT ©

TEST 513 1958

First test on blocked-out metal Impact speed 60 mph
beam barrier design. 8- by 8- in. Impact angle 32 deg.
D.F. posts on 6 ft. 3 in. centers. Beam height 30 in.
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0.156 aluminum failures from Test 109
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EXHIBIT 13
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Series X Test Site: Showing camera grid, ground targets, tape
switches, camera scaffold, camera tower and test barrier.
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EXHIBIT 15

12" DIA.
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SPHERES

Yaim
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I
k|2" DIAGONAL TARGETS

SIDE VIEW

\TEST RUN IDENTIFICATION NO.

TEST VEHICLE TARGETING SKETCH

1962 CHRYSLER SEDAN
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EXHIBIT 17

M ALY

Figure 2
CROSS CHEST TYPE 1

This restraint system consists of a conventional lap
belt and a cross-the-chest belt. The cross~-the-chest

belt attaches to the lap belt at the buckle (see Figure 1)
and is bolted at the other end to the vehicle door frame

near the driver's left shoulder by a 5/8 inch eye bolt
(see Figure 2).







EXHIBIT 18

e R T

INERTIA REEL - T BAR TYPE 4

This restraint system consists of a conventional lap
belt and a shoulder harness. The shoulder harness attaches
to the lap belt at the multiple buckle (see Figure 1),
passes over the back of the front seat, through slots in
the T-Bar and is secured to the vehicle floor in the rear
seating compartment by the inertia reel (see Figure 2).
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