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APPENDIX B: Photec-Instrumentation

Several high~speed movie cameras were used to record the impact
during crash tests. The types of cameras used and their locations
are shown in Figures Bl through B5. The cameras were electrically
activated from a central control coﬁsole located adjacent to the
impact area except for three which had their own battery power and
were turned on by three_separgte operators.

All high-speed cameras were equipped with timing light
generators which exposed reddish timing pips on the film at a rate
ofll,OOO per second. The pips were used to determine camera frame
rates and to establish time/sequence relationships. Data from the
high speed movies were reduced on a Vanguard Motion Analyzer. Some
procedures used to facilitate data reduction for the test are

listed as follows:

1- Butterfly targets were attached to the top and sides of the
test vehicle. Figure Al (Appendix A) shows the target locations.
The targets established scale factors and horizontal and vertical
alignment. The area of impact on the lighting standard was outlined

using contrasting colors of tape, Figure B6.

2—- Flashbulbs, mounted on the test vehicle, were electronically
triggered to establish (a) initial vehicle/lighting standard
contact (b) application of the vehicle brakes and (c) beginning and
ending of sliding weight travel. The impact flashbulbs had a delay

of several milliseconds before lighting up.

176
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l. In duction
1.1 Problem

Lightweight passenger cars are becoming an increasingly
significant portion of the national fleet. In 1982 the National
Highway Traffic Safety Administration (NHTSA) estimated that the
ratio of small cars (compact and smaller} to large cars (midsize
and larger) in operation in the United States would be equal by
1986 with the smaller cars dominating thereafter. Because of this,
the criteria for crash tests have changed over the years to

correspond to the car population.

The steel breakaway lighting standards used along California
highways were qualified in 1975 and before with crash tests using
2250 and 4500-1b passenger vehicles (14,15). Due to the
aforementioned rapid increase in the number of smaller passenger
vehicles, recommended crash test procedures published in 1981 by
the National Cooperative Highway Research Program (NCHRP), Report
230 (19)} calls for crash tests with 1800-1b cars. The current
steel lighting standard designs may be too massive to comply fully
with the new crash test criteria. Also, there is concern that the
current triangular slip base breakaway energy can increase with
time due to the weathering effects (dirt and corrosion) and the
tendency of the zinc layers to pressure weld with a high clamping
force. A lighter weight lighting standard requiring less breakaway
energy could possibly reduce injuries to occupants of ‘small cars

and needs to be evaluated. Also it would be desirable to find a



simplér breakaway mechanism which requires less energy to initiate
slip or fracture, in which the breakaway energy or slip
characteristics would not change with time, which is easier to

install or replace and which is less prone to error by installers.

1.2 O i Lo i - SC

The primary objective of this research project was to
determine, through full-sca1e¥crash tests, if a suitable
lightweight lighting standard with a breakaway base could satisfy
the;ﬁew crash test criteria recommended in NCHRP Report 230 for
1800-1b cars (19). The aim was to find a lighter weight lighting
staﬁdard than typel31 éteel lighting standards widely used by the
California Department of Tfansportation.(Caltrans). Also an attempt
was made toward finding a simpler breakaway mechanism at the base

of the poles which would require less energy to break away than the

typical triangular slip base,

fn the driginal proposal, full-scale tests with aluminum and
fiberglass lighting standards equipped with aluminum breakaway
coupiings were scheduled. Also, two tests were planned using the
Caltrans type 31 steel lighting standard with the standard
triangular slip base. These would serve as control tests. Test
results from dluminum and fiberglass lighting standards would then
be compared with those obtained for the current Caltrans type 31
steel design. It was hoped that an aluminum or fiberglass lighting

standard would be qualified as a replacement.



Fiberglass lighting standards obviously have some édvantages
over the metal poles such as light weight, appearance, and lack of
corrosion. The most obvious problem; hoﬁever, is the large
deflection of poles with long (20 ft) mast arms under the design
loads., Other factors such as the need to use truss-type aluminum
mast arms for lengths greater than 8 to 10 £t, maintenance costs,
short fatigue life of pole tc mast arm connections, lack of
interchangeability with the existing lighting standards in case of
knockdowns, and lack of comprehensive product specifications ruled
out further consideration and testing of the fiberglass lighting
standards. Thus, it was decided to examine aluminum lighting
standards, a modified type 31 lighting standard made from a thinner
gage steel, and the standard Caltrans type 31 steel design.
Aluminum breakaway couﬁlings were used with the two aluminum and
one of the modified type 31 lighting standards as a possible ‘

replacement for the standard triangular slip base.

A total of seven full-scale vehicular crash tests (401 to 407)
were conducted. 1979 Honda Civics weighing 1800 1lb were used as the
crash vehicles. All tests were carried out according to the

recommended procedures in NCHRP Report 230 {19), as follows:

Tests 401 and 402 were conducted using a lightweight type 31
lighting standard made from aluminum (35 £t high pole shaft with 20
ft mast arm and total weight of 394 1b) and equipped with aluminum
breakaway couplings. These two tests were carried out according to
the crash test conditions for test designations 62 and 63 of NCHRP

Report 230 (19), head-on at the center point of the bumper at 20



;mph”éﬁd héaa—on'éfniﬁé’quarter point of the bumper at 60 mph,

respectively.

In Test 403 a modified type 31 lighting standard made from a
thinner gage steel (35 £t high pole shaft with 20 ft mast arm and
total weight of 651 1lb) and equipped with die-cast aluminum
coupiings were used. This tést was conducted according to the test
designation 63 of NCHRP Report 230.

.

Although results of Tests 401, 402, and 403 met the evaluation
criteria of test designations 62 and 63 of NCHRP Report 230, an
excessive amount of porosity was observed in the fractured die-cast
aluminum couplings after iﬁpact. Because of this, a considerable
" amount of testing was done on both the die-cast aluminum couplings
manufactured by Transpo Industries, Inc. and the extruded aluminum
couplings manufactured by Aluminum Company of America {ALCOA). As a
result of these laboratory tests and x rays, a comprehensive
specification controlling aluminum couplings was written (Appendix
E) . Since neither the die-cast nor the extruded aluminum couplings
complied with thé newly formulated specifications for aluminum
couplings, the use of aluminum couplings was discontinued and it
was éecided to use the standard Caltrans type 31 triangular slip

base“for the rest of the project.

Tests 404 and 405 were conducted according to test conditions
62 and 63 of NCHRP Report 230, head-on at the guarter point of the
bumper at 60 mph and'head-on.at the center point of the bumper at

20 mph respectively, In these two tests the typical type 31



lighting standard (35 £t high pole shaft with 20 ft mast arm and

weight of 883 1b) with typical triangular slip bases were used.

In Tests 406 and 407 a modified type 31 lighting standard made
from a thinner gage steel (35 £t pole with 20 ft mast arm and
weight of 630 1b) with triangplar slip base were used. These two
tests were also carried out and evaluated according to test

criteria 62 and 63 of NCHRP Report 230 respectively.

Test data were recorded by both electronic instrumentation and
high speed motion picture photography, and the results were
compafed with those recommended by NCHRP Report 230 (19). The
results were also compared with the newly proposed 1985 AASHTO

Specifications.

A set of specification compliance tests (x rays, and static
tests including tensile, restrained shear, fatigue, and corrosion
tests) were developed and tests were conducted on both the Transpo
die-cast aluminum couplings, and the ALCOA extruded aluminum

couplings.
1.3 Li S ch = Background

The concept of a breakaway mechanism was initiated by the Road
Research Laboratory of the Ministry of Transport in England in the
late 1950*fs (5). The preliminary research indicated that, in order
to minimize the occupant injury and the damage to a vehicle

colliding with a highway appurtenance, a breakaway device, i.e; a



mechanisi which yields when struck by a vehicle, but strong enough
to withstand the static and the wind loads, should be incorporated
at the base of the appurtenance. Since then, much research effort

has been directed toward developing new breakaway systems.

According to a survey by the Texas Transportation Institute
(TTI), until late 1966 most states did not use breakaway devices
for_their highway appurtenances (7). On August 1, 1966, the Federal
Highway Administration (FHWA) issued an Instructional Memorandum'
which stated that breakaway or yielding supports should be used for
the sign supports and lighting standards adjacent to the shoulders

of féderally funded highways (7).

By 1967, TTI had conducted a state of the art study to
determine the impact characteristics of various support and base
mounting designs in use at that time. In addition, they developed a
slip base with multidirectional breakaway characteristics for their
luminaire supports. This study consisted of full-scale crash tests
of various support designs which were the first tests of this type

conducted in the United States (22).

fhe TTI slip base éonsisted of two identical plates which have
slots at the apexes of an equilateral triangle (Figure 1). The
bottom plate was rigidly attached to the foundation (Figure 1-b),
and the top plate was welded to the luminaire support shaft (Figure
l-c). The two plates were clamped together with bolts through the
sloté (Figure l-a). The clamping force had to be large enough to

prevent slip base separation when the lighting standard is
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subjected to live loads, yet small enough to insure low energy

slippage when the standard is impacted.

Two full-scale crash tests (Tests S2 and S3) were conducted by
TTI in 1968 to verify the effectiveness of the TTI slip base design
used with a 40 ft luminaire shaft. The vehicle used for Test S2
weighed 3400 1lb, and the one used for Test S3 weighed 3500 1lb. The
relative severity of impact was measured by comparing vehicle
momentum before and after the collision, as this represented the
impulse force delivered to the vehicle by the support. Table D1
(Appendix D) shows the summary of the tests results. Results for
other types of supports are given in the 1968 Highway Research
Record No. 222 (22). The results from full-scale crash tests
showed that the breakaway mechanism greatly reduced the severity of

the vehicle impact.

During 1968-69 TTI conducted a NCHRP project to study and
evaluate different breakaway base concepts. The study was directed
toward evaluation of breakaway base concepts and development of
design recommendations which could be applied to minimize the
safety hazards associated with luminaire support collisions. NCHRP
Report 77, "Development 6f Design Criteria for Safer Luminaire
Supports”, (5) contains the results of this study. The results

regarding slip base supports are given in Table Dl (Appendix D).

In 1968 the California Department of Transportation (Caltrans)
conducted a series of full-scale vehicular crash tests on lighting

standards with various types of breakaway devices (15). The



dbjéé%iﬁe'of'the studyxwas to determine the effectiveness of five
different breakaway lighting standard base designs in reducing the
severity of vehicular impact. Ten head-on tests were conducted
using identical 1966 sedans weighing 4540 1lb and nominal impact
speeds of 15 or 40 mph, with the planned point of impact near the
midpqint of the bumper. The California type XV steel lighting
standards (28'-6" high with 12-ft mast arm and 30 ft luminaire
mounting height) were used in all tests with the exception of one
tapered aluminum design. Two of these tests were carried out using
a mﬁltidirectional slip base very similar to the one developed by
TTI, but modified to accommodate the California type XV steel pole

base configuration.

All breakaway designs tested showed a significant reduction in
impact resistance at 40 mph when compared to conventional rigid
base design; however, some offered very little reduction in impact
resistance when impacted at 15 mph. The TTI multidirectional slip
base's overall breakaway performance was superior to all other
designs and was considered to be one of the most effective devices
for the reduction in severity of vehicle impacts into lighting
standards at all speeds and angles. Test results showed that the
impact resistance of the slip base was relatively independent of
the impact velocity. Table D1 (Appendix D) shows the summary of
test results for slip base design. Results of other types of

breakaway devices can be found in reference (15).

'In California, the first slip base design used by Caltrans

appeared in the July 1969 standard plans. With a few modifications,



it has been the standard ever since. In the late 1960's and early
1870's Caltrans replaced over 30,000 fixed base lighting standards

with slip base standards.

The acceptance criteria for breakaway luminaire supports set by
FHWA in June 1968 (9) specified a limit on change in vehicle
momentum of 1100 lb-sec (4890 N-sec). This was based on the data
then available. The vehicle weight and impacting speed were not
specified. A second set of criteria issued by FHWA in November of
1970 (8) called for 400 lb-sec (1780 N-sec) momentum change £for
pendulum tests, which were popular because of the low cost compared

to full-scale crash tests .

The design of lighting standards used along California highways
has changed over the years. Larger lighting standards with longer
mast arms (up to 30 £t) became popular as designers were trying to
provide more clear space between the edge of the roadway and fixed
objects. The slip base was also modified to fit the larger
diameter, thicker walled poles with longer mast arms. Some other
minor modifications were also made. Because the increased mast arm
length caused a significant increase in the wind-induced loads, it
was necessary to increase the torque in each of the three slip base
clamping bolts. This resulted in a total clamping force
considerably above that used in 1968 tests. By 1975 the number of
small compact passenger cars on highways had alsc increased
significantly. With the increase in the size of lighting standard
and mast arm, and the decrease in automobile size, the

effectiveness of the slip base was in question.

10



Tl'h%he;EirétHCBmprehénéﬁye set of crash test guidelines was
published in NCHRP Report 153 (21), "Recommended Procedures for
Vehicle Crash Testing of Highway Appurtenances™, in 1974. The three
appraisal faétors were (a) structural adequacy, (b) impact
severity, and (¢) vehicle trajectory hazard. Two tests were
suggested for breakaway or yielding supports. A 4500-1b (Test 1)
and a 2250-1b (Test 2) vehicle impacting the test article at the
centér of the bumper at 40 and 20 mph respectively. A maximum
momentum change of 1100 lb-sec was recommended for the impact
severity criterion (for Test 1 only). A lower limit of 750 lb-sec

was preferred and was stated as a desirable goal for new devices.

In 1975, the AASHTO specifications (26) set the same criteria of
1100 1lb-sec (4890 N-sec) change in momentum as the FHWA criteria;
however, the AASHTO specified a 2250-1b (1820 kg) test vehicle and
required satiéfactory performance over a speed range of 20 mph
(32.2 km/h) to 60 mph (96.6 km/h) . The specification also called
for a maximum desirable momentum change of 750 lb-sec (3340 N-sec)

to minimize accident severity.

" In the spring of 1975, Caltrans conducted a research project
titiéd, "Dynamic Tests of Breakaway Lighting Standards Using Small
‘Automobiles™ (14). The objective of the study was to determine the
effectiveness of the modified slip base used with type 31 lighting
standards when struck by small cars. Two full-scale crash tests
were conducted using 1971 Ford Pintos weighing 2265 1b. The
California type 31 steel lighting standards (35 £t high with 30 ft

"long mast arm) were used and the impact velocities were 17.5 mph

11



and 34.5 mph respectively. The changes of vehicle momentum measured
in both cases were 689 and 746 lb-sec which were well below the
maximum of 1100 lb-sec (4892 N-sec) and close to the desirable
maximum of 750 lb-sec (3335 N~sec) specified in NCHRP Report 153
(21) and AASHTO Standard Specifications for Structural Supports for
Highway Signs, Luminaires and Traffic Signals (26). It was concluded
.that the relatively high élip base bolt torque did not seriously
affect the slip characteristics of the device and that the type 31
slip base was an effective breakaway device when impacted by small
cars. With minor modifications, the slip base design continued to
be the standard breakaway device for use with the type 30 and 31

lighting standards.

After 1975, ENSCO Inc. conducted a study for FHWA which
involved analysis, computer simulation, and laboratory and
full-scale tests to develop practical laboratory acceptance test
criteria for -breakaway supports (16, 17). Good agreement between
the predicted vehicle momentum change and those of the full-scale
tests confirmed the validity of their mathematical models (16). It
wés shown that at low impact speed, the vehicle crush
lcharacteristics and base fracture energy (BFE) are the dominant
factors, while at high impact speed, the inertia of the pole is the
dominant term in the vehicle momentum change. The change in vehicle
velocity, dv, is the critical parameter affecting occupant safety
because immediately after impact, the velocity of an unrestrained
occupant relative to the vehicle interior is about the same as the
dv of the vehicle. It has been shown that the upper limit of
velocity change for head and chest injuries is 11 mph (18). For a

12



'specified limit of dMv (momentum change), the lightest vehicle
experiences the highest dv. Also for the same breakaway support and

speed of impact, the lighter vehicle experiences a large dMv.

In February, 1978, an updated version of NCHRP Report 153 was
published as Transportation Research Circular (TRC) 191,
"Recommended Procedures for Vehicle Crash Testing of Highway
Appurtenances™ (20). The circular eliminated Test 1 (4500-1b car at
40 mph) and replaced it with a test using 2250~1b car at 60 mph.
The ﬁomentum change requirements were also changed to meet the 1975

AASHTO specifications.

In March, 1981,'revised crash test procedures were published in
NCHRP Report 230 (19), "Recommended Procedures for the Safety
Performance Evaluation of Highway Appurtenances", to correspond to
the continuous incréase in the lightweight car population. These
procéduréé recommended two crash tests on breakaway or yielding
supbdrts using 1800?1b cars, Test 62, head-on at the center point
of bumper at 20 mph, and Test 63, head-on at the quarter point of

bumper at 60 mph.

It was thought that 1800-1b cars might have difficulty in
meeting the new crash tests guidelines when impacting the heavy
steel type 31 lighting standard. Also, as mentioned before, the
breakaway characteristics of the slip base are a function of the
clamping force and friction between the two plates, which can
change with time due to weathering. Thus, there was a concern that

even 1f the type 31 triangular slip base met the criteria at the
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time of installation, it might fail at some time after the
installation. So, the aim of this research project was to find a
lighting standard that weighs less than the type 31, and a simpler
breakaway base which requires less energy to initiate slip or
fracture and in which the breakaway energy or slip characteristics

would not change with time .

During 1981-1982, ENSCO conducted a similar study for FHWA
-Laboratory Procedures to Determine the Breakaway Behavior of
Luminaire Supports in Mini-Sized Vehicle Collisions, (12) on a 1003
1b surrogate 1ighting.standard with a triangular slip base similar
to the one used by Caltrans. The summary of test results are given
in Table D1 (Appendix D). The study was continued in 1984-1985
using the Federal Outdoor Impact Laboratory (FOIL) reusable bogie
vehicle (11). The bogie simulated a 1979 VW Rabbit's off-center
crush properties, weight (1800 1b), center of gravity location, and
moments of inertia. Tests were performed on two types of poles with
Caltrans type 31 slip bases, a steel pole on a transformer base and
an aluminum pole on ALCOA type 100 couplings. The results regarding

slip base and aluminum couplings are given in Table Dl.

A series of Eests were recently performed at the FOIL to
evaluate the currently accepted breakaway devices according to the
1985 AASHTO breakaway criteria. The results regarding slip bases
and couplings are given in Table D1, (Appendix D). Discussion of

the test results is given in section 5.3.6.
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2, Conclusions

The following conclusions can be drawn from the seven full

scale crash tests conducted in this research pfoject.

1- All the lighting standards tested met the requirements of
NCHRP Report 230, except that the structural adequacy criteria were
not fully satisfied because of small intrusions of the poles into
the passenger compartment of the car or adjacent traffic lanes. All
lighting standards tested, however, met the 1985 AASHTO Standard

Specifications for breakaway bases.

2- The die-cast aluminum couplings manufactured by Transpo
Industries proved to be an effective breakaway device when impacted
by 1800-1b cars. The results showed a maximum change in velocity of
12.4 fps. However, use of aluminum couplings in general is not
recommended as a standard Caltrans breakaway device at this time
because of the following conditions:

A- Excessive porosity was observed on the fractured surfaces of

the couplings and subsequent x ra&s proved that the couplings

were not acceptable based on Caltrans specifications and limits
in ASTM E505 reference radiographs.

B~ The two downstream anchor bolts bent upon impact. This may

cause excessive cost of repairing or replacing the damaged

anchor bolts. This problem, however, has apparently been solved
in some of the new couplings by the use of a flush mounted
female anchor system.

C- The results of tension and shear tests of aluminum couplings
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showed that neithe