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ABSTRACT: A study to determine the effectiveness of five breakaway
lighting standard base designs in reducing the severity of vehicular
impacts by means of full scale dynamic tests is reported. Ten head-on
tests were conducted utilizing identical 1966 sedans weighing 4,540 lbs.
and impacting 30 ft. lighting standards mounted on the various frangible
or slip-base designs. All of the poles used in the tests were steel
with the exception of one tapered aluminum design.

The impact tests were conducted as follows: (1) Three 40 mph tests on
a 6-in. high cast aluminum insert base, one on the basic design and two
on modified versions, (2) three tests on a notched bolt insert base
design, two at 40 mph and one at 15 mph, (3) two tests on a multi-direc-
tional steel slip base design developed by the Texas Transportation
Institute, one at 40 mph and one at 15 mph, (4) one 15 mph test on a
20-in. high aluminum transformer base, and (5) one 40 mph test on a

formed aluminum pole fitted and epoxy cemented to an 18-in. high cast
aluminum sleeve type base.

All base designs tested broke away with a significant reduction of
impact resistance as compared to rigid base designs as shown by tests
of others when impacted at moderate speeds (+ 40 mph). The Texas slip
and the notched bolt base designs offered the least impact resistance
of the designs tested at this speed. However, when the impact speed
was reduced to 15 mph with the notched bolt alternate, test results
showed a marked increase in the impact severity, apparently due to
approaching a static loading condition.

A similar reaction was experienced in a 15 mph test on a 20-in. high
aluminum- transformer base. Although a 40 mph test was not conducted
on a transformer base in this study, tests by others and operational

experience had previously demonstrated its effectiveness in this speed
range. ' :

The impact resistance of the multi-directional slip base design was
essentially the same when impacted at both 40 and 15 mph. These finding:
supplement and substantiate those of the Texas Transportation Institute
in that this design is one of the most effective devices for the reduc-

tion of the severity of vehicle impacts into lighting standards at all
speeds and angles.

KEY WORDS: Dynamic tests, impact tests, vehicle dynamics, lighting
standards, luminaire supports, breakaway devices.
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I, INTRODUCTION

California's increased emphasis on highway safety has included

a concentrated effort to minimize the potential hazard of fixed objects
on the roadside. The 1967 accident statistics for "ran-off-the-road;
hit-fixed-object" fatal accidents in California show an improvement

over those for 1966. However, this type of accident continues to be

the most prevalent on California freeways with impacts into lighting
standards accounting for 15 fatalities in 1967. At the present time,

in excess of 30,000 rigidly mounted lighting standards are located

along California's highways and present potential hazards of varying
degrees to the motoring public.

The primary purpose of the research project reported herein
was to determine or develop, through full scale dynamic impact testing,
the most effective breakaway device that can be utilized in a traffic
vulnerable lighting standard installation to reduce the severity of
yehicle impacts at highway operating speeds. Data from other researchers

*“ were thoroughly analyzed and considered fully in deciding which

breakaway base designs to test.

After reviewing the data from the first six 40 mph tests of
this series, there were some reservations regarding low speed impact
performance. The first low speed test at 15 mph confirmed ocur suspicions
that a base design that breaks away effectively when impacted at 40 mph
can, in fact, be an almost immovable object when subjected to low speed
impacts approaching a static loading condition. A review of resulting
damage in low speed tests reveals severe vehicular front end deforma-
tions, which we consider to be relatable to the damage that is oftemn
sustained by a broad-sliding vehicle impacting a fixed object within
the limits of the passenger compartment (See Plate 11). After reviewing
the data films from the low speed tests, consideration was given to
continuing the research project by simulating side impacts. However,
no matter how conclusive the results would be for a given vehicle,
they would be representative only of the damage that could be expected
from side impacts on that particular vehicle. Furthermore, in the
final analysis it appears that the most effective breakaway base simply
offers the least resistance to vehicle impact at all angles yet is
capable of resisting the operational loads imposed upon it.

It was significant to note that with an 18 ft. setback from
the edge of pavement, just one of the three standards tested at low
speeds would have fallen into the traveled way (Plate 12). 1In general,
the pole reactions in this test series correlate well with work by
other researchers with mathematical models, dynamic tests, and field
performance. 2,3,4 Of particular significance is the post-impact
position of the lighting standard supported on the slip base design
for the 15 mph impact.

Discussion of the data reported herein is limited to the
mest significant findings. Sequence photos, damage photos in the
Appendix and dynamic data derived from high speed photography are
presented as evidence of the relative efficiency of the five devices
tested.
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States Department of Transportation, Federal Highway Admir:istration,
Burezu of Public Roads, ag Item D-4-71 of Work Program HPR-1 (&),
Part I, Research. The opinions, f£indings, and conclusions ezpressed
in chis publication are those of the authors anrd not necessarily those
of the Buréau of Fublic Roads. o

II. OBJECTIVE

: ‘The primary objective of thig test series was to determine
by means of full scale dynamic impact testing. the most effective break-
. away device to be used in lighting standard installations that are
~vulnerable. to errant highway vehicles.

IIT. ' CONCLUSIONS

. ‘All designs testeéd offer a significant raduction in impact
resicstance at moderate impact speeds & 40 mph)when compared to cone
venticnal rigid base designs. The TeXas Transportation Institute
multidirectional sllp base and the notchad bolt designs offer the .
gireatést reductions in impact resistance of those testad at this speed
in this test series. However, the commonly used 20-in. high cast alum-
inum transformer base and the experimental notched-bolt insert designs
offer very little reduction in impact resistance when impacted at
‘lower speeds (15 mph). Based on the data derivaed from the ten impact
tests, the overall breakaway performance of the T.T.I. multidirectional
slip base design at both high and low speed impacts is considered to be
superior to all other designs testad In this project.

_ “Caution should be used in locating any breakaway lighting
standard close to the traveled way. Pole trajectories. after impact
indicate that the problem of pole cncroachment into the traveled way

is minimized with theée T.T.I. slip base deslgn. Even at a 15 mph impact
cpeed, the slip base was carried approxiwmately 40 ft beyond the found-
atiocn and in the direction of impact, resulting in the least encroachment
~ toward the traveled way of the three designs tested at that speed.

IV. DISCUSSION

A, Design and Performance

Sowmmon "to all tésts wag the 28.ft 6-in. high lighting stendard with
12-£t mast arm and 3C-ft lumireire mounting height. TFor all tests
except ‘193, the lighting standards and mest arms were stesl (California
Type XV). TFor Test 193, the lighting standard and mast arm were alum-
intm. All luminaires were 400 watt mercury vapor that weighed 25 1bs
with aluminum shell. Radio conftrolled vehicles weve impacted head-on
into the-standards with the planned point of contaci near the mid-
point of the bumper. The path of the impacting vehicles was parallel
to the simu:lated edge of a highway pavement in the directiom of travel.
The test vehicles were 1966 Dodge Polara sedans (retired highway patrol
puvrsuit vehicles) weighing 4,540 1lbs gross, including all test equip-
ment and the dummy, with & bumper height of 22-in. This 22 in. height
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is near the top of the bumper where it makes initial contact with
the pole. Crash vehicles for the 40 mph tests were under power
through impact. For the 15 mph tests, the ignition was turned off
10-ft before contact and the vehicle was permitted to coast through
impact. The anthropometric dummy was unrestrained for all tests.

Table I in the Appendix presents the dynamic data from all tests and
Plates I through 10 illustrate the details of each test.

It is important to note that load transfer from the vehicle to
the lighting standard occurs at a point approximately 22-in. above
the ground. In all tests conducted during this series, local de-
formation of the pole at this 22-in. height is coincident with the
bumper height of the typical 1966 and later vehicles. Breakaway
lighting standards impacted with older test vehicles with lower bumper
heights would likely indicate more effective breakaway performance
than is warranted under current operating conditions. 1In other words,
‘the lower the impact point, the more effectively the load will be
transmitted into any base type breakaway device before collapse of
the pole occurs. Therefore, when comparing test results of other
researchers with the results of this series, correlation as to the
effectiveness of any particular device may not, in all cases, be
evident.

Cast Aluminum Inserts (Tests 182, 183, and 191)

' The 6-in. high frangible aluminum inserts used for these three
tests were cast from material conforming to the requirements of ASTM Desig-
nation: B-108, alloy SG70A, heat treated to a T-6 temper. The side wall
thickness of the casting was 1/4 in.

Test 182 was conducted at 40 mph on an unmodified cast aluminum insert with
the hand hole facing away from the traveled way. See Figure 1A and Plate 13
in the Appendix for design details. As the base failed on impact the stan-
dard was kicked up and ahead of the test vehicle. (Fig. 1B)

Figure 1a° | Figure 1B
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:?The lower portion of the pole shaft hit the roof as the test
vehicle progressed under it, The top of the pole shaft came to rest

"about 30 ft beyond the foundation.

" The force of impact not only collapsed the front end of the
test vehicle about 24 in. but the pole shaft was damaged beyond repair
with a 30" degree bend at the point of contact. In addition the foundation
anchor bolts were bent approximately 30 degrees away from the direction
of impact:. '
Test 183 “was conducted at 40 mph on a cast aluminum insert modified by
drilling 4 series of four one-inch diameter holes at 2% in. centers in
each of the three side walls (modification #1) and the hand hole was
oriented toward impact., See Figure 2A and Plate 13 in Appendix for Design
Details).’ It was anticipated that the base would fracture through this
weakened cross section, thus reducing the impact resistance. However,
upon impact, the base failed through the base flange in much the same
manner as.in the preceding test 182. There was no evidence of fracture
through ‘the weakened plane of the drilled holes. (Fig. 2B)

R acs

-Figure‘ZA ' T Figure 2B

v

“The fighting standard was kicked ahead and up, clearing the

“vehicle by 3-ft as it passed through the impact zone. 1t settled to the
- pavement with the top approximately 35 £t beyond the anchorage. The

' shaft was bent to approximately 25 degrees at the point of first contact
- and was damaged beyond repair. The anchor bolts were bent approximately
30 degreeés. Vehicle damage was much the same as sustained during Test
183 with 20-in. deformation to the front end.

“Pest 191 “was conducted at 48 mph on the cast aluminum insert mounted on

the same anchorage as was used for Test 182 (the previously damaged bolts
were repaired by straightening and welding on new studs). 1In a further
effort to’ reduce the impact resistance noted in Tests 182 and 183, two
l-in. by 3 1/4-in. slots were milled through the three side walls near the
base flange (modification #2) where the fracture occurred in the insert
bases in the preceding two tests, See Figure 3A and Plate 13 in Appendix
for Design Details., The hand hole was oriented facing away from the

Wy fastio.com
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traveled way. Upon impact, the aluminum insert again failed in a combina-
tion of shear and tension with the fracture taking place through the milled
slots as anticipated. (Fig. 3B)

%Tfm ¥

Figure 3A Figure 3B =«

The two right hand bolts were bent 30 degrees and the two left
hand bolts were sheared off at the surface of the concrete foundation.
The lighting standard was kicked ahead and up, clearing the vehicle by
7-ft as it passed through the impact zone. The top of the pole settled
to the pavement 25-ft beyond the anchorage. The shaft was dented 2-in.
and was not considered salvageable. The vehicle sustained the least
front end deformation (Ll9-in.) observed in the three frangible aluminum

~insert tests.

The performance of the 6-in. cast aluminum insert with the
second modification as in test 191 under moderate impact was satisfactory.
However, due to concern over the loss of side wall cross section induced
by the slots, it was concluded that this device should not be adopted as
a de51gn standard unless subsequent cyclic vibration tests are performed
to insure that wind loads would not cause premature operational fatigue
failure. Such tests were not within the scope of this research study.

Notched Bolts (Tests 181, 192, and 194)

A notched bolt concept designed to provide structural support
equ1valent to that provided by the conventional ASTM-A307 anchor bolt but
with a notch machined therein to induce instantaneous sheer failure under
lateral impact was proposed as a breakaway device. Three impact tests were
petrformed on installations incorporating the notched bolt inserts, two at
40 mph and one at 15 mph. The noteched bolts were fabricated from ARMCO
17-4 PH stainless steel which is a martensitic precipitation hardening
stainless steel of high tensile strength and low impact resistance.
Although maximum strength and hardness are achieved by hardening at 850 F.,
in this condition, the material is brittle and the fatigue characteristics
are questionable for this application. As the hardening temperature is
increased the material has better fatigue characteristics, better corrosion
resistance, and is less susceptible to stress corrosion cracklng. However,
as the heat treating temperature is increased, the impact resistance is also
increased.

ChbhPDF - www .fastio com
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Test 181 was conducted on bolts heat treated at 950 F and tests 192 and 194
used bolts heat treated at 1050 F. Prior to heat treating a notch is
machined in the bolt insert to reduce its diameter from the standard 1 in.
to 7/16 in. See Plate 14 in the Appendix for exact details. The notched
inserts are threaded into 3-in. long sleeve nuts which in turn are threaded
onto the 'regular anchor bolt. - ‘

Test 181l was conducted at 40 mph on the assembly shown in Figure 4. No
grout pad was placed around the insert assemblies as was done on the
subsequent two tests to provide lateral
support. Upon impact the lighting stan-
dard was kicked ahead and up and cleared
the vehicle by 6-ft as it passed through
the impact zone. The top of the pole
came to rest 1l6-ft beyond the anchorage.
Damage to the lighting standard consisted
of a minor dent at the point of contact
with the vehicle. Although the A-307
anchor bolts bent 30 degrees, they were
successfully straightened for use in a
succeeding test. Vehicle deformation
(18-in.) was less than sustained during
any of the frangible aluminum insert tests.
From the standpoint of impact resistance _
at 40 mph, ‘the notched bolts performed - Figure 4
efficiently: and- dummy driver decelerations
were almost negligible. However, there is some concern as to the possi-
bility of stress corrosion cracking occurring in this material in a 950
heat treatment condition after extended exposure to wind loading and
accompanying vibration. It was therefore agreed that the heat treatment
temperature should be increased to improve the fatigue characteristics.
However, since an increase in treatment temperature also increases the
impact resistance, a proof test was conducted using the revised heat

- treatment. @ S

Test 192 was conducted at 40 mph on the same design notched insert bolts
as were used for Test 181 with the following modifications: (1) heat treat-
‘ment was increased from 950 degrees to 1050 degrees and (2) a three-inch
grout pad was cast around the sleeve nuts and was epoxy bonded to the
foundation: (Figure 5). Upon impact the notched bolts failed as before and
the standard was kicked ahead and up 4-ft
over the vehicle as it passed through the
impact zone. The standard came to rest
with the top approximately 12 ft beyond
the anchorage. The point of impact was
off-center on the vehicle bumper and
close to the supporting brackets. Conse-
gquently, the vehicle sustained only very
minor damage consisting of a 1 1/2-in.
dent in the bumper and a slight dent in
the grill and hood. The light standard
was bent 10 degrees and the steel pole
base plate _was deformed. The grout pad
was damaged and broken out around the
right sleeve nut. No discernible
decelerations were recorded in the unre-
strained dummy. TNue to the off-center

ClihPDF - wyaw.faslio.com


http://www.fastio.com/

-7

point of impact by the vehicle on the reinforced section of the bumper,
no valid correlation could be made between the results of tests 18l and
192 concerning the increase in impact resistance presented by the notched
studs with the higher temperature treatment.

In the first notched bolt test (181) the vehicle experienced most of the
damage, whereas the principal damage in Test 192 was sustained by the
pole. Although the performance of this design when impacted at 40 mph
was very satisfactory, a third test was considered necessary to determine
the impact characteristics of the notched bolts at a lower speed under
loading approaching a static condition.

Test 194 was conducted on the same notched bolt design as was used for
Test 192 (1050 degrees treatment and 3-in. grout pad around sleeve nuts)
but with a 15 mph vehicle impact speed and the 1gn1t10n cut off prior
to contact (Figure 6). Upon impact, the
bolts failed primarily in tension and the
standard remained vertical and in contact
with the car, "walking" for 6-ft before
falling forward and to the left. The pole
came to rest within 3-ft of the 18-ft off-
set line used to simulate the edge of pave-
ment. The base of the standard remained
under the front bumper 18-in. from the
anchorage. The vehicle sustained extensive
damage (21-in. deformation) but the light-
ing standard was only slightly dented. The
test results from this 15 mph test indicate
the performance of this device as a break-
away design to be marginal under low speed Figure 6

impacts. Further research into the metallurgical properties of the ARMCO
17-4PH steel is necessary before this concept could be accepted as an
effective breakaway device for the inevitably wide range of operational
impact conditions.

Cast Aluminum Sleeve Base W/Aluminum Pole (Test 193)

g In this test the lighting standard consisted of a tapered, welded
alumlnum pole fitted and epoxy cemented to an 18-in. high cast aluminum -
insért sleeve shoe base (Figure 7A.) The base extends 12-in. inside the
"aluminum pole. This serves not only as an effective structural connection
but also reinforces the pole to resist collapse on impact and to more effect-
ively transmit the impact load into the frangible base. See Plate 15 in .
the Appendix for design details.

Figure 7A Figure 7B

ClihPDF - www .fastio.com
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" The vehicle‘impacted the pole head-on at 40 mph. Upon contact
the pole collapsed and bent to an angle of approximately 90 degrees at
a point 35-in. above the concrete foundation. As the cast aluminum base

failed (See Figure 7B). the car bumper was deformed 19-in. into and back
under the- vehicle. The collapse and bending of the pole caused it to

" hang up under the bumper and remain in contact with the vehicle for a

relatively long period of time. However, after releasing from the car,
the pole c¢leared the vehicle by 4-ft and’ the top of the pole came to rest
about 25 ft beyond impact. Vehicle decelerations were low and dummy de-
celerations were negligible. With the 22-inch bumper height(typical of
most American passenger vehicles now in operation and production), the
pole ‘was contacted above the reinforced section. Consequently, as the
pole collapsed the load was transmitted to the base primarily in bending

rather than in shear. The Texas Transportation Institute reported a

more favorable breakaway action in a test on this base design using a

;_1958 model test vehlcle Wlth a l4-in. bumper height.

ChhPD

“Cast Alumlnum Transformer Base (Test 197)

h

‘The 20—1n hlgh tapered cast aluminum alloy transformer base
tested conforms to-the requirements of ASTM Designation: B-108, alloy

"SG704A, hedt treated to a T-6 temper. The top of the base accepts the

11- 1/2 iny bolt circle steel lighting standard base and the bottom re-
quires a 15-in. bolt c1rcle See Figure 8A and Plate 16 in the Appendix

“for De51gn Details.

Flgure SA . : | _ - Figure 8B

The vehlcle 1mpacted near the top of the transformer base at a

fspeed of 15 mph. The impact side of the base fractured but remained hung

up on the.anchor bolts. The remainder of the base (See Figure 8B) and
lighting standard remained in contact with the vehicle and was pushed
along in the vertical position for about 10-ft before falling ahead and

" to the left of the vehicle. A portion of the pole and the entire mast arm

protruded: 16-£t. beyond the 18-£ft offset simulating the edge of the traveled
way. This test, as did that on the notched bolt insert design, illustrates
the significant increase in impact resistance that might be expected with
any frangible system as the impact velocity is decreased from the 40 mph

to the 15: mph range .
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Multidirectional Slip Base (Tests 195 and 196)

Two impact tests were conducted using a multidirectional slip
base adapter patterned after (and very similar to) that developed and
tested by the Texas Transportation Institute. However, some modifications
were necessary to accommodate the California Type XV steel pole base con-
figuration. Details of the design tested are shown in Plate 17 of the
Appendix.

The two 18-1/4-in. diameter 1-in. thick mild steel plates on
the slip base were held together with three 1-1/4 in. black bolts conforming
to ASTM Designation A-307 (Figures 9 and 10.) Bolt torque,was approximately
50 fe-1b which is equivalent to about 2000 lbs. bolt tension. Each of the
top washers was pinned to the upper 1" plate with two 1/8'" shear pins to
prevent the bolts from walking out of the slots due to wind vibrationm.

Figure 9 ' Figure 10

- Test 195 was a 40 mph head-on impact. Upon contact, the base
parted instantaneously and the pole kicked up and ahead, clearing the
vehicle passing underneath by 5-ft. The luminaire broke loose from the
mastarm and fell directly over the foundation. While falling the mast
arm rotated 180 degrees in the clockwise direction and the pole came to
rest approximately on line 25-ft beyond impact. Vehicle damage was mild
with only a 9-in. penetration into the hood and bumper.

Test 196 utilized the same .slip base adapter as that used in
Test 195. " In fact, the installation and parameters were identical except
that impact speed was reduced to 15 mph and the ignition on the test
vehicle was cut off 10 ft prior to impact.

As in the previous test, the pole again parted instantaneously
on impact with very little damage to the front of the test vehicle (3-in.
bumper penetration). However, because of the low impact speed, the pole
did not kick up high enough to clear the test vehicle and fell back on
top of it as it passed under, denting the roof and cracking the windshield.
As the car continued under the pole, the pole base struck the rear part
of the roof shattering the rear window. Judging by the minor extent of
roof denting and by the broken glass, injuries to occupants of the vehicle
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if ‘any, woﬁld 1ikelj"haﬁe"béen'minbr, This reaction (the pole falling
on 'the vehicle) although not desirable, will doubtless occur with any
breakaway device at certain critical low speeds.

Based on front end damage, high speed £ilm analysis, and impact-
ograph intensity readings, this low speed test was an extremely mild impact.
Excluding the secondary impact, there was a momentum change of only 210 1b-
sec. as cofmpared with a 290 lb-sec. change for the 40 mph impact using
this same base., This indicates that the impact resistance of the multi-
directional slip base is relatively independent of impact speed, whereas
other breakaway concepts, particularly when breakaway requires a frangible

metal failure, are highly dependent on the rate of load application.

© B. Ceneral Observations

ClibPD

_tehicléfbéfbrmatﬁdn:

© Although the depth of the deformation of the bumper and hood
of the'vehicles used in this test series is subjective and should not
be used as the sole criteria for basing the relative effectiveness of
the various breakaway base designs, a close examination of the damage
indicates that this information generally correlates with the change
in speed through impact and, particularly, the reaction of the dummy
drivery The difference between 19, 20, and 21l-in. deformation on the
same model vehicle' is important when observing the intimacy of adjacent
collapsed parts and, particularly, the displacement of the engine and
any localized buckling of the frame and body. Measurements indicate
that a' 20-in. deformation of the hood and bumper of the 1966 Dodge sedan
is the*maximum the vehicle can sustain before engine displacement and
frame buckling occurs. For instance, the vehicle in Test 181 with 18-
in. maximum deformation after impact required only a bumper, grill,
radjator and fan to place if back in operating condition. Test vehicle
193, sustaining a 19-in. maximum deformation, required the same repair
as 181" plus replacement of ‘the water pump. The 2l1-in. maximum deform-
ation of both hood and bumper resulting from Tests 194 and 197 displaced
the engine-and warped the frame resulting in the total loss of those
vehicles. Plate 11 in the Appendix shows relative deformation of the
test vehicles for the wvarious tests.

*  Consideration must also be given to the manner in which the
lighting standard separates from the frangible base during impact.
When the vehicle overrides the pole, such as experienced in Tests 182
and 193, extensive bumper deformation was noted, yet only moderate
ticod deformation and subsequent low dummy decelerations were recorded.
Critical examination of the damage is therefore important and deforma-
tions reported in Table I must be interpreted subjectively along with
photographs of the actual damage.

fIﬁpacéEgraph Récordingé:

_ Deceleration recordings traced by tri-axial mechanical stylus
impact type instruments located in thée chest cavity of the dummy and
on the rear floor of the vehicle are presented in Plate 18. Decelera-
tion readings from the impactograph are filtered values due to the low
frequency response (23 cps) of the instrument. In effect, this means
that the relatively smooth traces recorded in the dummy cover durations
in excess of 40 milliseconds. However, the data is significant for

- comparison purposes with other tests.

.
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As can be seen from the dummy's impactograph traces, the
only tests showing deceleration forces of any significant magnitude
were the low speed impacts using the notched bolt inserts and the
20-in. high cast aluminum transformer base as breakaway devices.

This would likely be true of any breakaway system dependent on frangi-
ble metal failure.
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VI. APPENDIX

TABLE I - Dynamic Data

Data Sheet
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10
11
12
13

14
15
16
L7
18

Test Nb.

Deformation of Vehicles

Pole Locations Before & After Impact

181
182
183
191
192
193
194
195
196
197

Cast Al. Base Insert (Unmodified) (Test 182)

Cast Al. Base Insert (Modif. #1) (Test 183)
Cast Al. Base Insert (Modif.#2) (Test 191)

Notch Bolt Detail (Test 181, 192, 194)
Cast Al. Basé (Test 193)

Cast Al. Transformer Base (Test 197)
Texas Slip Base (Test 195, 196)

Impactograph Data
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Pluter 12

POLE LOCATIONS BEFORE 8 AFTER !MPACT

PRE IMPACT. LOCATION OF
BREAKAWAY DEVICE

{/ S—
+ ) —————— [— {‘}(

\
S
;3
SIMULATED EDGE
o OF PAVEMENT
To I o -
1 L 1 : 1 . 1 1 1
40 MPH TESTS
TEST NO. ' BREAKAWAY DEVICE
18i...........NOTCHED BOLTS H-950°F
82........... 6" FRANGIBLE AL. INSERT '
183...........6" FRANGIBLE AL. INSERT (MODIFICATION™1)
I91...........6" FRANGIBLE AL. INSERT (MODIFICATION®2)
192....cout NOTCHED BOLTS H-1050°F
193........... AL. SLEEVE BASE WITH AL. POLE

195...........TEXAS SLIP BASE

PRE IMPACT. LOCATION OF
BREAKAWAY DEVICE

196

18
N 194
SIMULATED EDGE OF PAVEMENT
&0 50" -~ 4¢0' '2 30' 20’ o'
L _“-A L | K i 1 1
. 15 MPH TESTS
TEST NO. BREAKAWAY DEVICE
194........ %....NOTCHED BOLTS H-1050°F
196 ..ot TEXAS SLIP BASE
197 ... ovnn. ....AL. TRANSFORMER BASE
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Plate 13
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6" BASE INSERT

\Or T m
ACCESS HOLE 2 172"

5 12" - ‘.i i (TEST 182)
SN Loh )

13 14"

BRILL 1" DIA. THROUGH WaLL

4 PLACES ON 3 SIDES
{12 HOLES ONLY} 7
i d}‘ AR — 1

BASE MODIFICATION #1
(TEST 183)

[ 4 17"

La— 2 172" a1 172w}l 18" am2 12" &

MiLL 1" X 314" SLOTS THROUGH

WALL 2 PLACES ON THREE
SIDES {6 SLOTS TOTAL} 7

122" R

BASE MODIFICATION #2
(TEST 191)

|t 3/

| I .
2 |/4"-|: 172" | |/z"|-‘-a (PEL
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Plate 14
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Plate 15

A—
N
A
\.
A I /_\

' I: STANDARD
_ \’5 :
N
/\
ANNULAR RECESS 13
. PRESSURE FILLED y

N WITH EPOXY CEMENT /\
BONDING AFTER FACTORY ASSEMBLY /\
RIVET N,
N
N
A
/\
]V N
— .

/ ANCHOR BASE

Y V/ i ]//]

TAPERED ALUMINUM LIGHTING STANDARD

ClihPDF - www .fastio.com


http://www.fastio.com/

16

Plate

o
— o
————

3

St gy

12“

ed
!

_
-

)
' .
1 .
ol o o e e o e = ——

i
]
L

gy

———y_ —r—

—
- ]
-

T

1 1/72"R

tr2" R.

10"

e G el L S N S G SR N W Ay T e e S S e m——

[T—

l5II

D b

TRANSFORMER BASE

www.fastio.com

ChihPD


http://www.fastio.com/

Plate I7

1" D, 4 EQUALLY SPACED HOLES ON A i{" B.C.
USE 4-1"D BOLTS, 3" LONG, W/WASHERS

'3 EQUALLY SPACED SLOTS ON A 164" B.C.
USE 3-13"D BOLTS, 4" LONG, W/WASHERS

[ in N
_ 113
! | STANDARD TYPE XY
} ; STEEL POLE
1 1
RS I
N 1o
II \\ l’ \\

[~ =]
)

—-—7%'0,0 CARBON STEEL TUBING,

5" | IIl I.Il I L1}

- ———

i
| _-
* 4WALL

— L] 1 |.‘|

S R ]

.-T.o . I'-.o ‘q' -'-0 - . —._.4
"-_,‘-0‘ Al ' " R T N
‘4 9 7/ ' - " a 4’ P« I e

- LR S . . . ". i [ ,

S R Se e e

LAl 4 a7 - &

TEXAS SLIP BASE ADAPTER
TESTS 195 AND 196
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Plaie 18

IMPACTOGRAPH DATA

TEST NO. VEHICLE DUMMY (unrestrained)
sl : .

Notched Bolts g 1. _ Blwd. o 0Gs __ Fwd 0 Up
H-950° ) ——15Gs Fwd. Bkwd. . 16 Down
40 m.p.h.

182 ¢ - .
6" Frang. Al. Bas ’ ‘Par-l535 Bkwd. o {16 Fwd. o Up

“No_Modification Fwd. Bkwd. T~ 3Gs Down
-40mph.

183
L1] o
fm"'fﬂg@ ':r“ :’ﬂlsﬂ o ‘ Bkwd. 0 16 Fwd. o Up
ered wi oles A"} —
(Modif. #1) - —-—lQGs Fwd. Bkwd. 2Gs  Down
40 mph.
sl S
. n . - e
-, 8 Frang. Al B.l.“e o Blwd, 6 Fwd. o Up
Altered with slots ad
?Modi‘:;#z)‘ Nl 265 Fwd. Blwd. 16  Down
48 mph. = e
92 .
Notched Bols Bkwd. o 0Gs Fwd. o Up
H-1050° . ~ LI56s Fwd. Bkwd. {[: Down
40 mph. B

i '95;“ 50 o Bkwd. 0 16 Fwd: o up
VGISGI‘ 6Gs  Fwd. Bkwd. 16 Down
40 m.p.h.

194 .
Notched Belis e Bkwd, 965 Fwd < 96s Up
>0 — o 0
- H-1050% - =1—106s Fuwd. Bkwd. Down
15 mph.i ’
195
Bkwd. G Fwd.
Texas Slip Base © h o 06s Tw 0 . Up
: —T19Gs Fwd. . Bkwd. 16 Down
40 m.p.h?

T |93|6 B o Bkwd. o , 0Gs Fwd. o 0Gs Up
exas Slip Ease Y= 56s . Fwd, ' Bkwd, Down
18 mph :

T f'97 Base O Bkwd. 0— | 56s  Fwd o up
ransiormer 5ase T 106s  Fwd. Bkwd. =1"36s  Down
15 m.p.h:; .
L] 1 (4]
2 -~ B s B
5 o2 5 o3 g o8
E E E
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