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ABSTRACT

Key Words: roadside safety, wooden utility pole, computer simulation,
full-scale vehicle crash test, cost-effectiveness

In the development of roadside safety improvement programs, many types
of obstacles have been jdentified as being hazardous. In some cases these
obstacles can be removed or relocated. The utility pole is an example of
an obstacle that cannot be relocated easily. The severity of vehicle im-
pacts with roadside obstacles can be reduced by making modifications to the
obstacle in place. This study investigates the feasibility of a breakaway
utility pole concept developed by the Transportation Research Program at
the University of Nebraska-Lincoln.

Pendulum and full-scale vehicle crash tests were conducted to determine
the feasibility of the breakaway concept as well as to provide an understanding
of the mechanics involved. A computer simulation model was developed and
validated with data obtained from the tests in order to assist in the evalu-
ation of the breakaway concept. A cost-effectiveness analysis was performed
using severity index and probability of injury values calculated from results
of full-scale tests and the computer simulations.

Three full-scale vehicle crash tests were conducted using 40 ft. Class 4
Southern Pine utility poles. A large test vehicle (4450 1bs) was used for
the first test and a small vehicle (2250 1bs) was used for the final two tests.
The results of this study indicate that:
(1) the breakaway concept is effective in reducing impact severities
and therefore the probability of injury
(2) the breakaway concept is cost-effective.
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INTRODUCTION

During the past several years considerable attention has been given to
improving roadside safety by removing obstacles from the immediate vicinity
of the traveled way. In many cases where these obstacles could not be
removed, or relocated, they have been modified so they would break away
when struck by a vehicle. Research and accident experience have shown that
breakaway sign supports and luminaire supports are effective in reducing
the severity of vehicle impacts. However, not until recently has much
attention been given to utility poles, which represent one of the most
serious roadside hazards, particularly in urban areas, because of the relatively
high frequency with which they are struck and the relatively high severity
of these impacts. Figure 1 shows a number of typical utility pole installations

in the Lincoln area.

In February 1978, a concept for a breakaway utility pole was proposed
by the Transportation Research Program at the University of Nebraska-Lincoln
(UNL). During the next year, meetings were held with representatives of
the Lincoln Electric System and Lincoln Telephone and Telegraph Company as
well as the Nebraska Department of Roads, City of Lincoln, and Federal High-
way Administration. The purpose of these meetings was to discuss the proposed
concept and to solicit the involvement of these organizations in a study of
its feasibility. Based on the interest expressed at these meetings the
Department of Civil Engineering and the Engineering Research Center at the

UNL provided funding for such a study.



FIGURE 1. PHOTOGRAPHS OF TYPICAL UTILITY
POLE FIELD INSTALLATIONS



The objective of this study was to determine the feasibility of the
UNL breakaway utility pole concept. A series of scale-model, pendulum, and
full-scale vehicle crash tests were conducted to (1) gain an understanding
of the mechanics involved, (2) test the physical realizability of the con-
cept, and (3) determine the degree to which it reduces impact severity. In
addition, a computer simulation model was developed and validated with the
data obtained from these tests. The model was then used to evaluate the
performance of the concept for a variety of pole configurations and impact
conditions. Based on the estimates of impact severity reduction from the
computer simulations and full-scale tests, the potential cost-effectiveness

of implementing the breakaway concept was determined.

This report documents the feasibility study of the UNL breakaway utility
pole concept. Included are: (1) an analysis of utility pole accidents;
(2) a description of the concept and its mechanics; (3) the procedures and
results of the scale model, pendulum, and full-scale vehicle crash tests of
the concept; (4) a description of the computer simulation model, its valida-
tion, and its application in evaluating the concept; and (5) a cost-effective-
ness analysis of the concept. Also, a work plan is presented for future
research needed for the further development and ultimate implementation

of the concept.



BREAKAWAY UTILITY POLE CONCEPT

The breakaway utility pole design concept being developed by the University
of Nebraska (UNL) consists of retrcfitting existing poles to yield when struck
by an errant vehicle at low speeds. As illustrated in Figure 2, the stub
portion between the lower and upper breakaway joints will release when struck
by an errant vehicle thereby allowing the vehicle to decelerate at a rate
that will be tolerable to its occupants. After the vehicle knocks out the
breakaway stub, the upper portion of the pole will fall and be held in an
upright vertical position by the supporting wires. This final upright
position of the pole requires that (a) the wires will stay attached to the
insulators, and (b) the wires will have enough sag to allow the pole to fall

without snapping the wires.

The breakaway joints are made by drilling a horizontal row of 1-in.
diameter holes as shown in Detail "A" of Figure 2. A drilling jig is clamped
to the pole to maintain correct alignment and spacing of the holes. The
holes are drilled in the direction in which the majority of impacts will occur.
This pattern and direction of holes will provide the minimum bending strength
parallel to the wires and in the direction of impact, and the maximum bending
strength perpendicular to the wires to carry the required ice and/or wind
loads specified in the American National Standard Institute: National Electrical

Safety Code (4).
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ACCIDENT ANALYSIS

In order to get an indication of the magnitude of the problem, the
City of Lincoln kept a tally of the number of traffic accidents that were
reported during 1978 which involved collisions with utility poles. During
this time 291 utility pole accidents were noted. From these data it was
observed that a disproportionate share (over 40 percent) of these accidents
occurred during the three months of December, January, and February, which
are the months normally associated with hazardous driving conditions because
of slippery streets. Also, over 50% of these accidents occurred during the
nighttime, whereas only 33% of all accidents in urban areas in Nebraska
in 1978 occurred at night (18). Thus these statistics suggest that utility

pole accidents are most likely to occur at night during the winter months.

However, to gain greater insight into the nature of utility pole accidents,
the accident reports were reviewed for all utility pole accidents reported in
Lincoln between January 1 and April 15, 1979. During this time there were
59 utility pole accidents reported, of which two-thirds involved wooden poles
and one-third involved metal poles. Ninety-two percent of the wooden poles
struck were 40-ft poles and the remainder were 50-ft poles. These percentages
indicated that most of the utility pole accidents in Lincoln involved 40-ft,
wooden poles. Therefore, it was decided that the feasibility study of the

UNL breakaway concept should be conducted using 40-ft utility poles.

Impact Conditions

In order to select a representative set of test conditions, an attempt

was made to determine the speed and angle of vehicle impact for each wooden



utility pole accident. However, these data were not recorded on the accident
report forms. Therefore, to obtain at least some idea of the typical impact
conditions, the posted speed 1imit at the location of each accident was

noted and the angle of impact was estimated from the collision diagram shown
on the accident report form. The frequency distributions of these conditions
are shown in Table 1. Thus based on these distributions, it was decided

that the UNL breakaway concept should be tested at impact speeds Tess than

35 mph and impact angles less than 30 degrees.

TABLE 1 - DISTRIBUTION OF IMPACT CONDITIONS

Impact Speed Impact Angle
Posted Speed Relative Relative
Limit Frequency Angle Frequency
(mph) (%) (deg) (%)
S 25 26 Head On 31
30-35 60 5-30 62
2 40 14 > 30 7
100 100

Severity of Impacts
The severity of the wooden utility pole accidents and that of collisions
with fixed objects along streets in urban areas statewide are shown in Table 2.
It is apparent from these data that wooden utility pole accidents have a

higher than average accident severity.



TABLE 2 - SEVERITY OF FIXED OBJECT COLLISIONS

Severity (%)

Fatal Personal Property
Object Injury Damage
Only Total

Wooden Utility Poles
in Lincoln 0 45 55 100

Fixed Object Collisions
in Urban Areas Statewide (18) 1 35 64 100

In Table 3, the severity of the wooden utility pole accidents is presented
with respect to speed and angle of impact, size of pole and weight of vehicle
involved. As would be expected, these data indicate that higher severities
are associated with higher impact speeds, larger poles, and Tighter vehicles.
And, the angle of impact does not seem to significantly affect the impact

severity.



TABLE 3 -COMPARISONS OF WOODEN UTILITY
POLE ACCIDENT SEVERITIES

Severity vs. Impact Speed:

Posted
Speed Severity of Accident (%)
Limit Personal Injury Property Damage Total
_(mph)
$ 30 30 70 100
35 50 50 100
2 40 60 40 100
Total 45 55 100
Severity vs. Impact Angle:
Impact Personal Property Damage Total
Angle Injury Only
Head On 42 58 100
5-30 46 54 100
> 30 33 67 100
Total 45 55 100
S . =
Severity vs. Pole Size: |
Pole Personal Property Damage Total
Size Injury Only
40-ft 43 57 100
50-ft 67 33 100
Total 45 55 100
Severity vs. Vehicle Weight:
Vehicle
Weight Personal Property Damage Total
(1bs) Injury Only
< 3,000 50 50 100
3,000-4,000 57 43 100
4,000-5,000 29 71 100
2 5,000 0 100 100 |
Total 45 55 100
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Conclusion

From the results of this accident study, it is apparent that utility
pole accidents are a serious problem in Lincoln, particularly at night
during the winter months when they are most likely to occur. The 40-ft
wooden utility pole is the type most commonly installed along arterial
streets in Lincoln and consequently was the type most frequently struck.
Thus this type of utility pole was selected for testing the UNL breakaway
concept. Analysis of the most Tikely impact conditions indicated that the
testing be conducted at impact speeds of 35 mph or less and impact angles

of 30 degrees or less.

Compared to fixed object accidents in urban areas in Nebraska during
1978, wooden utility pole accidents in Lincoln had a higher than average
severity. Also, as expected, the severity of these utility pole accidents
generally increased with higher impact speeds, larger poles, and lighter

vehicles.
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DESIGN CRITERIA

The majority of utility poles in current use range from 25 to 105 ft.
in height. A recent survey conducted by Labra (1) of the Southwest Research
Institute showed that the 40 ft. Length Class 4 pole was the most common
in use. The percentage breakdown of the survey by Labra on pole lengths
are shown in Table 4. Based on this survey and the recommendations of
Redding (2) of the Lincoln Electric System (LES) and McDevitt (3) of the
Federal Highway Administration (FHWA), the 40 ft. Class 4 utility pole was

selected for full-scale testing and evaluation.

The "typical" 40 ft. utility pole and wire arrangement used in this
study and shown in Figure 3 were selected by LES. The pole has 3 top wires
(type 336.4 KCM, 18/1) on a double cross-arm and 1 bottom neutral wire
(2/0, 6/1) on the pole. The span length between poles is 150 ft. The
loadings on the pole and wires are in accordance with the design specifica-
tions of the American National Standard: National Electric Safety Code (4).
The specifications applicable to Nebraska are summarized in Table 5. The
ANSI Code requires that a utility pole in Nebraska satisfy design Toadings
under (1) combined heavy ice + wind, and (2) extreme wind. The position of
the applied loads are shown in Figure 3, whereas the computed magnitude of

the applied loads are shown in Table 6.

The locations of the lower and upper breakaway joints are shown in
Figure 3. A cross-sectional view of the breakaway joint along with its

mathematical properties (Eqs. 2a-e) are shown in Figure 4. As discussed



TABLE 4

SUMMARY OF UTILITY POLE LENGTHS
[after Labra (1)]

12

-bdle Percent Cumulative
Length in Use Total
(ft) (%) (%)
25 0.2 0.2
30 TZU.? ] 20.9
35 | 21.0 41.9
40 _29.6! 71.5
45 16.6 88.1
50 7.6 95.7
55 0.7 96.4 |
60 0.6 97.0 g
65 0.7 97.7 |
70 0.6 98.3
75 0.6 98.9
80 0.5 99.4
85 0.4 99.8
90 0.1 99.9
100 Negl. 99.9 '
105 Negl. 9

99.

e e




q
- DIMENSIONS
WIRE DIAMETERS T:dy = 0684in.
) d = 0447in.
POLE DIAMETERS : D& = 107 in.
. 5 (min.) D& = 10,6 in.
| = ¢ D2 = 9.9 in.
'4 R s D3 = 67 in.
|
5 -
I3 l D, T VERTICAL HEIGHTS i1y = 05 ft.
s | =
"~ (Detil a) g 7 I 65 ft.
4 & I3 = 270 ft.
T2 _
}Mz\p D4 lg = 330 ft
b N (Detail A) | 5 = 340 ft.
* Do B 1 g = 170 ft.
e/ [ 7/ R A TR |7 = 205 ft.
JM, L
" AVERAGE SPAN LENGTH’ =150 fr.

1-in. dia. drilled holes ;
(Parallel to y-axis) NOTES: (a) Cross-Arm Wires (336.4 KCM, 18/1)

Neutral Wire (2/0, 6/1)
**Wires fixed to insulators**
DETAIL A My cos. 10° (b) Locations of Breakaway Joints
(c) 6 ft. from butt (10% Ig + 2)

FIGURE 3. TYPICAL 40 FT. CLASS 4 BREAKAWAY UTILITY POLE: DIMENSIONS,
WIRE ARRANGEMENT, AND APPLIED LOADINGS

€1



TABLE 5

DESIGN SPECIFICATIONS FOR WOOD UTILITY POLES

ANSI (4)

LOADING CODE SPECIFICATIONS |
CONDITION SECTION ITEM | (Grade B) |
Congined 250. B. Radial Ice Thickness 0.50 in.

Ice + Wind 250. B. Horizontal Wind Pressure 4 psf
Loading 250. B. Ice Unit Weight 57 pcf
(Heavy) 251. B.3. Conductor Load Constant 0.30 pif

252, B.Z2. Pole Shape Factor 1

261. A.2.a(1) Designated Fiber Stress (Yellow Pine) | 8,000 psi

261.A.2¢(3) Overload Capacity Factor 4
Extrene 250: Cs Horizontal Wind Pressure 16 psf

Wind 251. B.3. Conductor Load Constant 0
Loading ¢52. B.2. Pole Shape Factor 1

260. C. Overload Capacity Factor 1.0
261.A.2.a(1) Designated Fiber Stress (yellow Pine) 8,000 psi

1At



TABLE 6. APPLIED MAGNITUDE OF LOADS
VARI ABLE APPLIED LOADS(1b)
. Ice + Wind Extreme
(Figure 2) Loading Loading
P1 85 140
P2 70 90
P3 75 300
P4 95 385
Q 255 55
Q, 160 25
W 620 620

ST
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Section width of 2a removed by
drilling 1-in. dia. holes and saw-
cutting spaces between holes.

AN

COMBINED COMPRESSIVE STRESS

M A/
fc = (ﬁv\?hi) (OL) e Eq. 1
Where: Myy = bending moment (in.-1b.)
vV = axial force (Ib.)
Syy = section modulus {in.3)
A = cross-sectional area (in.<)
OL = Overload Factor
fe < 8,000 p.s.i. (Yellow Pine)
Properties of Breakaway Joint
2
a = r2 -—%— .......... Eq. 2a
c = —1{:! £E 0 s e e e Eg. 2b
. w441 3
| 64 d 17 (2¢)(2a)° e Eq. 2c
s = IIg43 _icﬂg Eq. 2d
35 e  heemeses .
A = g—dz —2a(2c)  aeeeeaeee Eq. 2e
FIGURE 4. RELATIONSHIP BETWEEN COMBINED AXIAL AND

BENDING STRESSES AND BREAKAWAY JOINT
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earlier, the 1-in. dia. holes are drilled in the direction of impact (parallel
to y-axis) and the space between the holes is saw cut. The combined com-
pressive stresses due to the axial force and the bending moment are computed

by Eq. 1 in Figure 4.

The required section modulus and shear area for the Tower and upper
breakaway joints are shown in Table 7. 1In all cases, the required (minimum)
section modulus occurs under the heavy ice plus wind loading conditions. For
all practical purposes, a drilling jig with 5-1in. dia. holes spaced 1 3/8 in.
on centers (see Figure 5) would provide the minimum section modulus for both

the Tower and upper breakaway joints.



TABLE 7.

REQUIRED SECTION MODULUS AND SHEAR AREA AT
LOWER AND UPPER BREAKAWAY JOINTS

R REQUIRED SHEAR
RESISTING FORCES RESISTING MOMENT REQUIRED SECTION AREA(I)
VARIABLE (1b) (1b-ft) MODUL bR g
(see Fig 3) o e = —Lig=) 0
Ice + W1nd Extreme Ice + Wind Extreme Ice + Wind Extreme Ice + Wind Extreme
Loading Wind Loading Loading [Wind Loading Loading [Wind Loading Loading Wind Loading
Hy 420 895 -- -- - -- 1.7 Z:1
Vi 1,545 810 -- -- - - - -~
My e - 11,725 22,388 73.2(2) 33.9(4) - -
H» 390 810 -- - - -- 1.6 ) (0
Vs 1,415 685 - o - - =5 ~=
M, e e 9,030 17,770 55.8(3) 27.0(%) = -
Notes: (1) Ultimate Shearing Stress taken as 1,000 psi
(2) Refer to Figure 2 : d =10.60 in. ; r = 5.30 in.
a=3.33in. ; b =8.251in.; c = 4.71 in.
A = 25.5 in.? ; fc = 7,935 psi
(3) Refer to Figure 2 : d = 9.90 in. ; r = 4,95 in.
a=3.231in. ; b =7.50 in.; c = 4.35 in.
A =20.8 in.? ; f_ = 8,040 psi
(4) Refer to Figure 2 : d = 10.60 in. ; r =5.30 in.
a=4.281in. 3 b =6.251in.; ¢ =4.21 in.
A =16.17 in.?%; fe = 7,980 psi
(5) Refer to Figure 2 : d =9.90 in. ; r = 4.95 in.
a=4.,011in. ;3 b =5.801in.; ¢ = 3.93 in.
A =13.94 in.?; fc = 7,950 psi

81
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COMPUTER MODEL

During the past three decades, many highway organizations have relied
heavily upon experience and judgement in the design of roadside appurtenances;
and, trial and error full scale tests were often ccnducted to determine the
feasibility of these appurtenances. Significant advancements in technology
and an increase in safety have evolved from these efforts. However, this
type of design approach appears to be insufficient by itself because one or
more full scale tests were required to effectively evaluate the influence
of any one variable. Conducting many full scale tests can be both time

consuming and costly.

Mathematical model simulation provides a rapid and economical method to
investigate the many variables involved in a run-off-the-road automobile
collision or maneuver. A limited number of full scale tests can then be
conducted to confirm the simulation results. When supplemented by experience,
judgement and tests, model simulation can be a very helpful tool in achieving

efficient and safe designs.

Free-Body-Diagrams

The high-speed film analysis of the pendulum tests on the 25 ft. breakaway
utility pole showed that the breakaway design could be idealized as two
rigid bodies. The free-body-diagrams of the vehicle and the breakaway

utility pole are shown in Figure 6.
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Vehicle

The vehicle was idealized by a rigid mass and a linear spring. The
spring simulates the front-end crushing of the vehicle. The spring constant
(k = 10W) used in this study for a standard size vehicle (4,500 1b) was
validated by Post and Martinez (5) on overhead sign bridge breakaway supports.
No provisions were made to monitor secondary contacts of the lower and upper
portions of the pole after breaking away with the upper portions of the
vehicle (hood, windshield, top, etc). The model can be refined to include

secondary contacts in any future work.

Utility Pole

The utility pole was idealized by two rigid bodies: the Tower rigid
body represents the portion of the pole between the lower and upper breakaway
joints; whereas, the upper rigid body represents the portion of the pole
above the upper breakaway joint. The effects of the tensile forces in the
wire were considered when the rotational displacements of the pole were large
enough to overcome some sag in the wires. The bending moments at the breakaway
joints were treated as a non-linear function of the pole rotational displace-
ments. The shearing forces, which are complex and difficult to predict with
any degree of accuracy, were considered to be proportional to the horizontal
displacements of the breakaway joint. A more indepth discussion on the
force-displacement relationships are presented later in the section, entitled

"Validation of Computer Model".

Differential Equations of Motion
The differential equations of motion developed in this study were
solved using the numerical program, Continuous System Modeling Program, made

available by IBM. The equations developed follows.



Lower Rigid Body

}j Fx = mx
W, -

Fc - Vycos0; - Pysinuy - Vacos0; + Ppsingy =-§" Xy

2 Fy = my
-W; - Vy5in0; + Pycost; - V,sin@;, - P,cosd = —g-l‘- Y1
YoM =16
Fbe = Valy = My + Voo + My = Icgl-él
Upper Rigid Body
E: Fy, = mx

Vic080; = P3sinOy + Ty + T, - Tz = Ty = %3 yz

ZFy=m'y

-W, + V3sin@, + PicosB, = 33—52

g
) M =10

Valy = Mp = TyR3 = Tafo + T3ls + Tule = Ingez

Moment-Rotation Relationship

M2 = K(0, - 02)

Force-Displacement Relationships

V,c0s0; - P,sin0; = V3c0s0, - P3sin0,

V,sin@; + P,cos0, Visin@, + P3cosO,

23
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--Eq.

--Eq.

--Eq.

--Eq.

--Eq.

3b

3c

da

4b

4c

-- Eq. 6b
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SCALE MODEL TESTS

Scale model tests of the UNL breakaway utility pole concept were conducted
to gain a physical sense of the failure mechanism involved. In these tests,
the vehicle was a one-twelfth size, toy pickup truck, and a 1" x 40" wooden
dowel was used to represent a 40-ft utility pole. A number of one-eighth
inch*holes were drilled in the dowel at distances of one-half inch and seven
inches above its base to simulate the lower and upper breakaway joints. A
wire was attached to the top of the dowel and held taut during the tests to
simulate the effects of power lines on a utility pole. The vehicle was
placed on an incline plane positioned in front of the dowel. It was released
at a point on the plane selected to simulate an approximate impact speed of

20 mph.

Several tests were conducted and filmed with high-speed cameras. Analysis
of the high-speed film taken of these tests provided the following observations:
(1) The bending moment at the upper breakaway joint appeared to be sufficient

to cause failure.

(2) It appeared to be highly desirable to have the upper joint fail first

so that the stub can be pushed ahead and downward in front of the

vehicle instead of being projected upward and into the windshield

of the vehicle.

(3) To insure the proper failure mode, it is important that the base of

the pole be rigid.

The observations made during the scale model tests resulted in a greater
understanding of the failure mechanism of the breakaway concept, and thus

provided a basis for the subsequent testing and modeling of the concept.
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PENDULUM TESTS

Pendulum tests were conducted on 25 ft, Class 7 and 9 Southern Yellow
Pine wutility poles provided by Lincoln Telephone and Telegraph (LT&T).
LT&T is currently in the process of replacing existing overhead lines with
buried cable. The poles received were therefore in a weathered condition

similar to poles that would be retrofitted with breakaway joints.

Description of Site
The pendulum tests were conducted at the University of Nebraska Mead
Agricultural Research Field Laboratory which is lTocated approximately 30 mi.
NNE of Lincoln. The pendulum and hardware were provided by the Department

of Agricultural Engineering.

Description of Testing Apparatus
Photographic views of the pendulum mass and frame are shown in Figure 7.
The 21 ft. high pendulum frame was built by the Department of Agricultural
Engineering for the testing of roll bars on farm tractors. The entire
pendulum frame was built using steel rail sections. The ends of the pendulum
frame are A-shaped to accomodate the large swings of the pendulum up to

heights of 15 ft. (21 mph).

The pendulum mass weighed 4,500 1bs and consisted of a square steel
box filled with lead. The pendulum was supported by two steel chains which
could be adjusted to any length. A pendulum nose was added in this utility

pole study to simulate the crushing effects of a vehicle bumper and front-end.
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FIGURE 7. PHOTOGRAPHS OF PENDULUM TEST NO. 2
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The nose provided for a 12-in. maximum deflection. Two and one-half (2 1/2)
inch extra heavy pipe, simply supported with a 30-in. span, and sawcut to
3/8 of an inch at the third points were used in the nose to simulate the
crushing characteristics of the vehicle front-end. Three pipes were used
for each test with a vertical spacing of 6 inches. The Toad-deflection
characteristics of each sawcut pipe is shown in Figure 8. The nose device

added about 150 1bs to the pendulum mass.

As shown in Figure 7, a large fork-1ift was used to pull-back the

pendulum. A quick type release device was used to release the pendulum.

Dimensional Analyses
In order to determine the feasibility of the breakaway utility pole
concept, it was decided to perform a number of pendulum tests utilizing the
technique of scale modeling. The use of scale models as an aid in evaluation
of design features has a long history and is well documented. Before results
from the scale model can be of any use, it was necessary to derive the laws
of similtude using dimensional analysis. The variables included in the

dimensional analyses are shown in Table 8.

A number of dimensionless products, also called II-terms, composed of the
variables shown in Table 8 are found. The number of II-terms (i) formed for
a given number of variables are equal to the number of variables (j) minus
the number of fundamental units (k) that describe the variables. That is,
i=j-k. In this case the number of variables is j=9, and the number of funda-
mental units (Mass, Length, and Time) are k=3. To insure similitude between
the model and the prototype, the Il-terms for the model must equal the II-terms

for the prototype. The II-terms derived are shown in Equations (7a-f).
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TABLE 8.  DIMENSIONAL ANALYSES OF VARIABLES

VARIABLE VARIABLE

DESIGNATION

Mass of pole

Stress in pole
Height of pole above ground

Modulus of elasticity of pole
Section modulus of pole

Arbitrary length term
Mass of auto
Crush stiffness of auto

Velocity of auto

Dimensionless Products (II-Terms)

W
=W
T
I =p
oW
3 7 S(E)

3

L
My =35
no_ K
5. " 5(e%)

i ¥
T =F

W

wvyom B et
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The 21 ft. height of the pendulum frame used for the testing made it
necessary to limit the size of the utility poles tested to 25 ft. The
geometry relationships for modeling were thus set as follows:

L

P _ 34 ft o
L 20 ft Eq. 8
m
=~ 1‘?
where: p = subscript refers to 40 ft prototype to be used in

full-scale testing

subscript refers to pendulum model

3
n

One term that caused a problem, was Hl. This term shows that the mass
of the 25 ft. pole must be equal to the mass of the 40 ft. pole when the
mass ot the prototype and model are the same, which is the existing situation.
To satisfy this requirement 225 1bs of heavy link chain was carefully wound
around the 25 ft. poles as shown in Figure 7. This appeared to be the best
method to obtain equal distribution of weight along the pole. Due to the
length of chain available, the Hl term could not be satisfied completely.

The calculations for the added chain mass to the pole follows:

(M), = (M) --Eq. 9

_g)p - (M --Eq. 9b

;ﬁ = ;ﬁ- . . . .Equal Unity --Eq. 9c
750 1bs

~ 7300 Tbs + Wt of Chain

750 1bs
300 1bs + 225 Tbs

1.42 . . . .close to unity
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Determination of the height of the breakaway joints can be obtained from

the 1, term.

2

ground for the prototype were 0.5 ft and 7.0 ft, respectively.

for computing the height of the breakaway joints for the pendulum testing

2 distance from ground to upper

follow:
_L
Iy =3
where D1 =
D =
(Hz)p = (Hz)m
Lp : Lm
©,7, =7,
thus,
(D.) :.52 (D,) = 20
1'm D 17p 3

(0.5)

= 0.29 ft (3 1/2-in.)

and similarly,

(0,),

The impact speed for the pendulum model

Lrn
=1 (D,)
Lp 2'p

4.12 ft

1

= 10
=33 (7.0)

use of the H3 term as follows:

2

Wy
S(E)

2
= (V)

iy
SE 5

SE

distance from ground to lower joint

joint

--Eq.

--Eq.

--Eq.

--kq.

--Eq.

can then be determined by

-'_Eq .

--Eq.

The location of the lower and upper joints with respect to the

Calculations

10a

10b

10c¢

10d

10e

lla

11b



thus,
W. S

_ 2\1%

v, = [(iwmn—s”‘)(vp)]

=

Pendulum Testing
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--Eq. 1llc

A dimensional analysis was performed on the 25 ft poles in an attempt

to model these poles as 40 ft class 4 utility poles impacted by a 4500 1b.

vehicle. Due to the varying nature of material properties, and the possible

presence of pole defects, the results from the modeling process may cause

a deviation from predicted results.

Similar poles, with approximately the

same diameters were grouped into test series to improve the consistency of

results.

A 4500 1b. vehicle with an impact speed of 20 mph was used as the

prototype condition. Utilizing the modeling relations that were derived

earlier, the model test parameters were determined knowing the desired

parameters for the prototype. The computed parameters are shown in Table 9.

TABLE 9. PROTOTYPE AND MODEL PARAMETERS

Prototype Modeled Actual
Modifications 40 ft Pole 25 ft Pole 25 ft Pole
Lower B/A joint height 6 in. 3.5 dn. 3 in.
Upper B/A joint height 7:0 Tt 4.11 ft. 4.0 ft.
|
Vehicle Velocity 20 mph 9.45 mph |  9.95 mph |
Total pole weight (includes |
added weights) | 800 Tbs. 800 1bs. | = 500 1bs.
Added weight of chains ] - — 240 1bs.’
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The I terms developed in the dimensional analysis were used to determine

the prototype section properties shown in Table 10.

TABLE 10. SECTION PROPERTIES FOR PENDULUM POLE TESTS

Section Properties 25 ft. Pole 40 ft Pole
Section modulas perpendicular to wires, 3 3
upper hinge 11.3 in. 55 in.
Section modulas perpendicular to wires, 3 3
lower hinge 19.4 in. 95 1in.
Shear area, upper hinge 5.9 in.z 15.6 in.2
Shear area, lower hinge 10.3 in.2 29.8 in.2

The hole patterns of the breakaway joints that will provide the section
modulus and shear area properties given in Table1Q are shown in Figure g,
The patterns were made by drilling 1-in. diameter holes and then saw cutting
the spaces between the holes. A 4 x 4-in. wooden drilling jig, which was
clamped to the pole with two lag screws, was used to maintain correct alignment

and spacing of the holes.

High-Speed Film Analysis
One high-speed camera, described in Tablell, was used in the pendulum
study. The camera was located perpendicular to the path of the pendulum
and approximately 50 ft. from the pole. The film was analyzed by a

Vanguard Motion Analyzer, described in Table 11.

The complete data reduction and analyses of the high-speed film was conducted

on Pendulum Test No. 7. This data and analysis is presented in Appendix C.
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TABLE 11

PHOTOGRAPHIC ANALYSIS EQUIPMENT USED

Equipment Description

Pendulum Full-Scale
Tests Test

1. LoCam model 50-003 high speed
Camera. Film rate is variable

to 500 fm. /sec.

Actual film X X
speed = 480 fm./sec.

e

2. Eastman Kodak high speed
Film rate

Camera, type III.

is variable to 3000 fm./sec. X
Actual film speed = 900 fm./sec.

3. Vanguard Motion Analyzer model
C-11P with M16CP projection
head. Frame rate is variable
to 30 fm./sec. A model 524-C
digitizer built at the Uni- X X
versity of Iowa to input data
to a computer is also linked

up.

35
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Due to lack of time and funds and also because of the uncertainties encountered
in dimensional analyses modeling, no attempt was made to validate the results

of the high-speed film analyses with the computer model program.

Sequence photographs of the high-speed film intervals of 2 msec are
shown in Figure 10. In this test, it can be seen that the upper breakaway
joint failed first at about 4 msec, whereas, the lower joint failed shortly
later at about 6 msec. This mode of failure will allow the vehicle to push
the breakaway stub ahead and down which would perhaps be preferable to the
other mode of failure whereby the lower joint would fail first with the

possibility of the stub striking the windshield.

Photographic views of Test No. 2 is shown back in Figure 7. In this
test, the ground was very wet from a rain storm of the previous day, and
as a result, most of the energy of the pendulum was used up in plowing the
pole ahead approximately 1 ft. in the soil. It appears that this would

have been a successful test if the ground had not been wet.
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FULL-SCALE TESTS

The full-scale tests were conducted on new 40 ft. Class 4 Southern
Yellow Pine utility poles. The span lengths between the breakaway pole
and the end support poles were 75 and 100 ft., respectively. The poles
had 2 top wires (type 336.4 KCM, 18/1) and 1 bottom neutral wire (2/0, 6/1).
In Test No. 1 the top wires were attached to the pole using a single wooden
cross-arm. Breakaway flat aluminum wraps were used to attach the wires
to the insulators. The bottom neutral wire was attached directly to the
pole using a single insulator, again using breakaway flat aluminum wraps.
Tests No. 2 and 3 utilized the same wire configuration as used in Test No. 1
but different connection details. The top wires were connected to the pole
using double wooden cross-arms. A positive type connector between the wires
and insulators was used to insure the pole would not breakaway from the
wires after impact. A similar positive type connection was used between the
insulator and the bottom neutral wire. The poles and wire were furnished

and installed by the Lincoln Electric System.

Description of Test Site
The test site is located at the Lincoln Municipal Airport which is
approximately 3 1/2 mi. NW of the University and the central business district.
The test site, which was leased from the Lincoln Airport Authority, consists
of an old abandoned concrete roadway located between the ends of runways 14
and 17R as shown in Figure 11. The roadway is 20 ft. wide and 1,800 ft. long.
A "Notice of Proposed Construction or Alteration" was filed with the FAA

because the height of the utility poles exceeded the 100 to 1 imaginary surface.
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Description ot Testing Apparatus
A reverse vehicle towing apparatus with a mechanical advantage of 2 to 1
was used to pull the crash test vehicles as shown in Figure 12. Because of
the mechanical advantage, the distance travelled and the running speed of the
test vehicles were twice that of the towing vehicle. A 1978 3/4-ton Dodge
Pickup was used as the towing vehicle. The speedometer in the pickup, which
is marked at 1 mph intervals, was accurately calibrated and used to obtain

the desired impact test speed.

As shown in Figure 12, the crash test vehicles were guided along a rail
system with the two tires on the right-hand side mounted inside two steel
angles placed back-to-back. Photographic views of the rail guidance system
are shown in Figure 13. The width between the two angles is adjustable at
the slotted connections located at 20 ft. intervals so that the rail system
can accomodate any size vehicle tire. The rail guidance system ends 20 ft.
in advance of the breakaway utility pole so that test vehicles will be in

a free-wheeling steer mode just before impact.

The 1/4-in. diameter tow cable is attached to a breakaway high-strength
slotted bolt that was connected to the test vehicles. The slotted bolt will
break away and release the tow cable when it hits a trip-bar that was mounted
to the roadway. As shown in Figure 12, the tow cable passes around four
pulleys (one pulley on tow vehicle) and is connected to a dead-end anchor.
The trip-bar to release the tow cable is mounted near the end of the rail

guidance system.
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FIGURE 13. PHOTOGRAPHS OF FULL-SCALE TEST SITE
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Breakaway Joints

The design of the breakaway joints to provide the "minimum" required
section modulus to carry the heavy ice and wind loadings was discussed
earlier in the section, entitled "DESIGN CRITERIA". As shown in the photo-
graphic views in Figure 13, the lower and upper breakaway joints were made
by drilling a row of five 1-in. diameter holes. The spaces between the
holes were then sawcut. The 4 x 4-in. wood block drilling jig, which was
attached to the pole by two lag screws, was used to maintain the correct

spacing and alignment of the holes.

The Tower breakaway joint was made about 5-in. above ground, whereas
the upper breakaway joint was made 7 ft. above ground level in Test No. 1
and 8 ft. above ground in Tests No. 2 and 3. It was decided to slightly
increase the height of the upper breakaway joint in Test No. 2 and 3 to
reduce the chance that the upper pole section would impact on the roof or
trunk of the vehicles. It was apparent that the lighter vehicles and slower
initial velocities used in Test No. 2 and 3 would increase the probability
of this occuring. In addition, it was found to be beneficial to have a
slightly longer Tower pole section. This decreased the possibility that
the Tower section of the pole would rotate into the windshield. It increased
the chance the lower section would come to rest across the hood and roof of
the test vehicles. Retrofitting the utility pole to breakaway under vehicle

impact by the drilling ot 1-in. diameter holes was demonstrated to be a very
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High-Speed Film Analysis
Two high-speed camera, described in Table 12, were used in this study.
Both cameras were located perpendicular to the path of the test vehicle
and at a distance of 100 ft. from the breakaway pole. The film was analyzed

by a Vanguard Motion Analyzer, described in Table 12.



TABLE 12
PHOTOGRAPHIC ANALYSIS EQUIPMENT USED

Pendulum Full-Scale
Tests Test

Equipment Description

1. LoCam model 50-003 high speed
Camera. Film rate is variable
to 500 fm./sec. Actual film X X
speed = 480 fm./sec.

.. oS N1 1\ -

2. Eastman Kodak high speed
Camera, type III. Film rate
is variable to 3000 fm./sec. X
Actual film speed = 900 fm./sec.

3. Vanguard Motion Analyzer model
C-11P with M16CP projection
head. Frame rate is variable
to 30 fm./sec. A model 534-C
digitizer built at the Uni- X X
versity of Iowa to jpput data
to a computer is also linked

up.

ISR S = O .|
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DISCUSSION OF RESULTS OF FULL-SCALE TEST NO. 1

The first full-scale crash test was conducted with a 4,500 1b standard
size automobile at an impact speed of 30 mph. The weight of the test vehicle
was in conformance with the "Crash Test Conditions for Breakaway Supports"
contained in NCHRP 153 (6); whereas, the impact speed was 10 mph less than
that specified in NCHRP 153. This lower selected speed was considered to be
more realistic because the accident data compiled in the Lincoln study
(see ACCIDENT ANALYSIS Section) showed that only 15 percent of the utility

pole accidents occurred at speeds of 40 mph and higher.

Graphs of the change in vehicle velocity and vehicle decelerations
obtained from the high-speed film analyses during impact with the breakaway
utility pole are shown in Figures 14 and 15, respectively. The complete
data analyses of the high-speed film is presented in Appendix D. Referring
to Figure 14, the impact velocity was about 31 mph, whereas, the final
velocity after the upper breakaway joint failed was about 26 mph. As can
be noted in Figure 15, the vehicle decelerations build up to a peak of
about 17 G's and then drop-off rapidly after the lower breakaway joint
failed. The average vehicle deceleration over a time duration of 50 msec
was 5.6 G's. Based on this average level of deceleration, the predicted
probability of an injury type accident occurring would be 32 percent. The

method to calculate injury probabilities are presented later.

Sequence photographs of the high-speed film at intervals of 20 msec

are shown in Figure 16. The stub portion of the pole between the breakaway
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FIGURE 16. HIGH-SPEED FILM OF FULL-SCALE TEST NO. 1
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joints lightly struck and cracked the windshield on the passenger side about

half way up the windshield.

Photographic views of before and after the test are shown in Figure 17.
A backstop, consisting of a row of poles, was used to stop the vehicle
after it had traveled 50 ft. beyond the breakaway pole. If the backstop
had not been used, it appears from the high-speed film that the portion of
the pole above the upper breakaway joint would not have landed on the top
passenger side of the vehicle as shown in Figure 17 (photographs b, c, and
d). The breakaway flat aluminum wire wraps allowed the upper portion of
the pole to separate cleanly from the wires with a minimum amount of damage.
The Tast photograph in Figure 17 shows that the lower breakaway joint failed

in a combination of shear and bending.
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(a) (b)

(c) (d)

(e) (f)

FIGURE 17. PHOTOGRAPHS OF FULL-SCALE TEST NO. 1
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Validation of Computer Model

The nonlinear moment-rotation relationship shown in Figure g during
the development of the model was idealized as a linear relationship shown
in Figure 18. This idealization was based on data presented in the Wood
Handbook (7), whereby, it was assumed that the strain energy per unit volume
in a wood member at the proportional limit was equal to about 20% of the

strain energy per unit volume of failure.

In the validation process, it was found that the magnitude of the
shearing forces of the lower breakaway joint had a significant influence
on the interaction between the vehicle and the utility pole. The nonlinear
shear-displacement relationship shown in Figure © was idealized as a linear

relationship shown in Figure 19.

The vehicle decelerations at its center-of-gravity were used to validate
the computer model. The best correlation obtained between the high-speed
film analyses and the model is shown in Fiqure 15. This correlation was

based on an ultimate shearing strength of 2,000 psi.
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MU - o ap = 8,000 psi
| ' o, = 12,000 psi
: g = 713.2 in3 (Lower Joint)
Mi- ' o i 55.8 in> (Upper Joint)
E | 7 -124.0 m3  (Lower Joint)
- ' | U ' 94.6 m3 (Upper Joint)
e | 2 | E =1.0 x 10%psi
l(Stra1n Energy) I [ - 388.0 in% (Lower Joint)
1 | | 276.2 in% (Upper Joint)
vV 2 —
ROTATIONS
Total Strain Energy, UT
Up = U, + U, ---Eq
M
5 1y P
Up =2 Mp%p = 2 Mplgp) =g
Uy =3 0+ MGy - 60) =L () + M) (6, - 2E) £
2 =2 Wp T lylley = ¢p) =5 Wp + My)ldy - 1 ===k
U =.§EE ( 1 ) = 2.5 MPZ E
T ~ 2EI ‘20% DB N
Solving Egs 2, 3, and 4, one obtains:
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SMP + MUMP
b = e
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FIGURE 18.
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MODEL PARAMETER STUDY

Model parameter studies were conducted to determine the severity of a
vehicle colliding with breakaway and non-breakaway utility poles. Iwo size
vehicles (2,250 and 4,500 1bs) and six impact speeds (10, 15, 20, 25, 30 and
35 mph) were investigated. The impact severities computed were used to
determine (a) the cost-effectiveness of retrofitting utility poles to break
away under impact, and (b) the height of the upper breakaway joint to be
used in the second full-scale test. Also, the parameter studies were conducted
to gain insight into the performance of breakaway utility poles under various

conditions of impact.

Vehicle Front-End Stiffness
The front-end crushing stiffness (k) of a standard size vehicle (4,500 1bs)
was based on the work done on breakaway sign supports by Martinez and Post (5)
of the Texas Transportation Institute. The equation used in this study is
given below.

k

10.0 W
---Eq. 14

45,000 1b/ft . . . for 4,500 1b. vehicle

The front-end crushing stiffness of a subcompact size vehicle (2,250 1bs)
was based on the work done on breakaway slot/shim utility poles by Labra (1)
of the Southwest Research Institute. In that study, the stiffness of the
subcompact vehicle was about 83% of the stiffness of the standard vehicle. The
equation used in this study is given below.

k

16.6 W
~=-=~£q. 15

37,400 1b/ft . . . for 2,250 1b. vehicle
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Non-Breakaway Utility Poles
The single degree-of-freedom model developed by Emory (10) of a vehicle
colliding with a rigid obstacle was used to compute the severity of a vehicle
colliding with a non-breakaway utility pole. Development of the model is
presented in Appendix E. The equation used to compute decelerations is

given below.

v
-1 [ kg T :
Gpeak i W Eq. 1lb6a
and
. -
G ==G ---Eq. 16b

avg. m peak

where:  V; = Impact Speed (fps)
W = vehicle weight (1bs)
k = vehicle front-end stiffness (1b/ft)
g = acceleration due to gravity (32.2 ft/secz)
Gpeak = peak deceleration (G's)
Gavg = average deceleration (G's)

The vehicle decelerations and injury probabilities of a vehicle colliding
with a non-breakaway utility pole are shown in Table 13. The injury accident

probability was determined from the equation below developed later in this

2
G
P = 40ﬂ/[-%!%} ---Eq. 17
P

study.

where: = Probability of Injury Accident (%)
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TABLE 13

INJURY SEVERITY OF VEHICLE COLLIDING
WITH NON-BREAKAWAY UTILITY POLE

Veh1c1§ ¥$2;Ele Vehicle ?E$:;erations ngb?gjli;y
Weight™* Speed Aecidant
! Vl Peak Avg. ?
(1bs) (mph) (%)
4,500 10 8.2 5.2 28

15 12.3 7.8 45

20 16.4 10.4 59

25 20.5 13.0 74

30 24.6 15.6 89

35 28.7 18.2 100

2,250 10 10.6 6.7 38

15 15.8 10.1 58

20 21.1 13.4 77

25 26.4 16.8 96

30 31.7 20.1 100

35 36.9 23.5 100
(a.) Front-End Stiffness, k = 10.0 W; for W = 4,500 Tb.
k = 16.6 W; for W = 2,250 1bs.
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Breakaway Utility Poles
The computer model program developed and validated earlier in this study
was used to compute the vehicle decelerations, vehicle momentum changes,
vehicle crushing, and time and type of failure occurring at the lower and
upper breakaway joints. These results are shown in Table 14 for a standard
size vehicle and in Table 15 for a subcompact size vehicle. The injury

probabilities were computed by Equation 17.

Findings of Parameter Study
Referring to Tables 14 and 15 it can be seen that the utility pole
stopped the vehicle under the lower impact speeds when the upper breakaway
joint was located 7 ft above groundline. In these cases, only the upper
breakaway joint failed. Increasing the height of the upper breakaway joint
to 8 ft above groundline completely eliminated this problem, and as a result,

the impact severities were significantly reduced.

The impact severities computed for non-breakaway and breakaway utility
poles (Tables 13, 14, and 15) are illustrated in Figure 20. Based on this
graph, the following conclusions are evident:

1. Breakaway utility poles are effective in reducing injury accidents.

2. Standard size vehicle impacts are less severe than subcompact

vehicle impacts.

3. A standard size vehicle colliding with a non-breakaway utility
pole is equal in severity to a subcompact size vehicle colliding

with a breakaway utility pole.



TABLE

RESULTS OF COMPUTER
Vehicle Weight
Front-End Stiffness

14

MODEL SIMULATIONS
4,500 1b.
= 45,000 1b/ft

n

Vehicle Chigge He;ght Failure of B/A Joints Vehicle brab. of Vehicle
?25:? Vehicie Ug?ir Lower Upper DeceT?;?:;ons Injury Crushing
e MEEETE Joint Time Failure | Time Failure Accident
Impact Final (1b-sec) (ft) (msec) Type (msec) Type | Peak Avg-l'__w_,f%) _4_(??)_
10.0 0.0 2,055 7 = - 20 Shear | 9.8 9.1 51 12
15.0 0.0 3,080 7 s as 18 Shear | 14.7 13.8 79 18
20.0 12.5 1,540 7 62 | Shear | 16 Shear | 15.2 10.1 58 18°
25.0 | 18.6 1,315 7 46 | Shear | 15 Shear | 14.9 1 41 18°
30.0 | 24.0 1,235 7 40 | Shear | 15 Shear | 16.1 5 43 19°
35.0 | 29.1 1,210 7 37 | Shear | 14 Shear | 17.7 .6 44 210
10.0 7.4 535 8 41 |Bending | 47 Shear | 6.7 33,2 19 gP
15.0 | 11.0 820 8 47 |Bending | 47 Shear | 9.7 4.9 28 ipP
20.0 | 14.7 1,090 8 51 |Bending | 47 Shear | 13.3 7.3 42 167
25.0 17.8 1,480 8 54 |Bending | 46 Shear | 17.0 10.0 57 20P
30.0 | 21.5 1,740 8 53 | Shear | 46 Shear | 20.2 10.9 62 24P
35.0 | 29.6 1,110 8 37 | Shear | 38 |Bending| 17.6 7.6 44 210
| |

a.

b.

Averaged over 50 msec

Secondary Impact
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RESULTS OF COMPUTER MODEL SIMULATIONS

TABLE 15

Vehicle Weight = 2,250 1bs
Front-End Stiffress = 37,400 1b/ft

Vehicle Change Height Failure of B/A Joints Vehicle Prob. of
Speed VeL?cle Ug;er i e Decelerations TR Veh1c1e
(mph) Worsciitvsi B/A Time |Failure| Time | Failure (G's) Accident | Crushing
_ Joint Tirne Type a :
Impact Final (1b-sec) (ft) (msec) yP (msec) yp Peak Avq. (%) (in)
S e R B T SN i 25 LRt R R
10.0 0.0 1,025 7 -- -- 20 Shear 13.1 11.0 63 9
15.0 0.0 1,540 7 -- -- 18 Shear 19.9 15.5 a9 13
: 20.0 0.0 2.055 7 -- -- 17 Shear 26.3 21.6 100 17
' 25.0 8.3 1,715 7 62 Shear 15 Shear 30.7 19.7 100 20
l 30.0 3.5 1,695 7 56 Shear 15 Shear 35.3 19.2 100 23
| 35.0 23.3 1,200 7 41 Bending 14 Shear 33.5 14.9 85 22
10.0 5.4 470 8 48 | Bending | 48 Shear | 11.5 5.5 1 | 8P
15.0 8.3 690 8 47 Bending 47 Shear 16.8 8.1 46 llb
20.0 | 11.4 885 | 8 47  |Bending | 46 Shear | 22.1 10.9 62 14
- 25.0 13.6 1,170 8 50 |Bending | 46 Shear | 28.2 13.7 78 IBE
{ 30.0 15.0 1,540 8 54 i Shear 45 Shear 34.0 183 100 22
35.0 23.7 1,160 8 40 | Shear 41 Shear 33,3 15.0 86 22b
a. Averaged over 50 msec
b. Secondary Impact

09
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No attempt was made in this study to monitor secondary impacts between
the upper portion of the vehicle body and the two rigid body portions of
the pole. Referring to Tables 14 and 15, secondary impacts c¢ccurred in
all the simulation runs when the upper breakaway joint was located at 8 %
above groundline. To gain insight into the severity of secondary impacts,
three graphs were made of the trajectories of the two rigid body portions
of the pole in relation to the outline shadow of a subcompact vehicle (1974
Vega GT). The graphs are shown in Figure 21, 22, and 23 for impact speeds
of 15, 20, and 25 mph. Based on an examination of these graphical plots,

the following predictions are made:

1. The center-of-gravity of the 8 ft "breakaway stub" section of
the pole is high enough so that the upper end of the stub will
not penetrate through the vehicle windshield, but will instead,
land on the vehicle front hood and roof. This situation exists

for all the impact speeds considered.

2. The upper portion of the breakaway pole (portion above upper breakaway
joint) will strike the back windshield of the vehicle under the
low impact speed of 15 mph. This situation could result in injuries

in the rear seat.

3. The upper portion of the breakaway pole will most likely strike the
trunk of the vehicle under an impact speed of 20 mph. This situation

should not result in any injuries.
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DISCUSSION OF RESULTS OF FULL-SCALE TEST NO. 2

The second full-scale test was conducted with a 2,450 Ib. compact size
automobile at an impact speed of 21 mph. As in Test No. 1 the weight of
the vehicle was in conformance with the "Crash Test Conditions for Breakaway
Supports" contained in NCHRP 153 (6). The relative low impact velocity
was chosen to validate the breakaway concept at the "lower 1imit" velocity

corresponding to vehicle-utility pole impacts.

Graphs of the change in vehicle velocity and vehicle decelerations
obtained from the high-speed film analysis of Test No. 2 are shown in Figures
24 and 25, respectively. Referring to Figure 24, the impact velocity was
21 mph, with the vehicle coming to a stop with the upper B/A joint failing

to fully activate.

Although the upper breakaway joint did not fully activate as in Test
No. 1 the results in Test No. 2 are still favorable from the standpoint
of probability of injury. As shown in Figure 25, the vehicle decelerations
build to a peak of 23 G's and then drop-off rapidly after the lower break-
away joint failed. The highest average vehicle deceleration over a 50 msec
time increment was 7.4 G's. Based on this average deceleration the predicted

probability of an injury type accident occurring would be 42 percent.

Sequence photographs of the high-speed film at intervals of 20 msec are
shown in Figure 26. After the pole was impacted the lower breakaway joint

appeared to fail in shear. The upper breakaway joint did not fail, this
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FIGURE 26.
HIGH-SPEED FILM OF FULL-SCALE TEST NO. 2
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resulted in the test vehicle rotating the pole as a single unit. The frictional
force between the pole stub and the ground eventually brought the vehicle to a

stop with the pole stub displacing 8 feet from its original position.

In evaluating the high-speed film it appeared that the upper breakaway
Joint was not subjected to a large encugh flexural wave to cause failure of
the joint. A possible cause of this may be that the upper breakaway joint
was not at an optimum height. It would appear that the height of the upper

breakaway joint may need to be moved to assure failure.

Due to the use of the "positive connections" the pole did not release
from the wires. This is favorable from the standpoint of repair and replace-
ment.

Figure 27 shows photographs of the test vehicle before and after testing.

In addition, photographs of pole joint failures are shown.
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FIGURE 27.
PHOTOGRAPHS OF FULL-SCALE TEST NO. 2
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DISCUSSION OF RESULTS OF FULL-SCALE TEST NO, 3

Test No. 3 was run to check the results of Test No. 2. Due to the
high change in momentum in Test No. 2 it was necessary to repeat this test
as recommended in Transportation Research Circular, No. 19 (19). Thereforas
all test parameters in Test No. 3 were as nearly identical as possible to

the test parameters in Test No. 2.

Graphs of the change in vehicle velocity and vehicle decelerations
obtained from the high-speed film analysis are shown in Figures 28 and 29,
respectively. As shown in Figure 28 the impact velocity was 20.8 mph. The

test vehicle came to a complete stop and rebounded slightly off the pole.

A definite change in the vehicle decelerations occurred in Test No. 3.
Referring to Figure 29 the decelerations initially build to a peak of 15 &'s,
drop off and build again to 20 G's before finally dropping off. The highest
average vehicle deceleration over 50 msec was 8.0 G's. This was somewhat
surprising considering what would seem to be a very "stiff" barrier condition.
Based on average level of deceleration, the vredicted probability of an

injury type accident occurring would be 51 percent.

Sequence photographs of the high-speed film at intervals of 20 msec.

are shown in Figure 30.

The soil yielded around the pole causing the lower part of the pole to

rotate forward and partially fail the upper breakaway joint. Although the
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lower breakaway joint did not fail, a definite displacement across the

lower joint had occurred. It was obvious that the scoil yielding was the
primary cause of this failure mode. The increased flexibility at ground
level reduced the stress at the lower breakaway joint. The probable cause cof

thesoilyielding was high moisture content.

Figure 31 shows photographs of the test vehicle before and after testing.

In addition photographs of the pole joint failures are shown.



FIGURE 31.
PHOTOGRAPHS OF FULL-SCALE TEST NO. 3
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RESULTS OF FULL-SCALE TESTS

A summary of the results of Tests No. 1, 2 and 3 is shown in Tables 16,
17, and 18. In addition to the various values derived from the high-speed

film analysis, information is provided on the test vehicles and poles.
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TABLE 16 DESCRIPTION OF TEST VEHICLES AND POLES USED
IN FULL-SCALE TESTS

—

Vehicle and Pole Parameters 5 Test 1 i Test 2 l Test 2
Test Vehicle:
Manufacturer Buick Gen. Motors | Gen. Motors
Model Electra 225 Vega-GT Vega
Year 1973 1974 1974
Weight (1bs) 4600 2450 2450
Test Pole:
Type S.Y. Pine S.Y. Pine S.Y. Pine
Class 4 4 4
Length (ft) 40 40 40
Height above ground (ft) 34 34 34
Top wire configuration
Wire type 336.4 KCM 18/1|336.4 KCM 18/1} 336.4 KCM 18/1
Number of wires 2 2 2
Type of crossarms single double double
Connection type breakaway positive positive
Wire height (ft) 33 33 33
Bottom wire configuration
Wire type 2/0, 6/1 2/0, 6/1 2/0, 6/1
Number of wires 1 1 1
Type of crossarms ncne none none
Connection type breakaway positive positive
Wire height (ft) 27 27 27
Span between poles (ft) 75-100 75-100 75-100
Upper breakaway joint
Height above ground (ft) 7.0 8.0 8.0
Section modulas (in3) 56.0 56.0 56.0
Net area (in?) 21.0 21.0 21.0
Lower breakaway joint
Height above ground (ft) 0.50 0.50 0.50
Section modulas (in3) 74.0 74.0 74.0
Net area (in?) 25.5 25.5 25.5




TABLE 17 SUMMARY OF FULL-SCALE

TEST RESULTS
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Full-Scale Test Results Test 1 Test 2 Test 3
Impact velocity (mph) 30.8 21.4 20.8
Final velocity (mph) 25.1 0 0
Change in velocity (mph) 5.7 21.4 20.8
Momentum Change (1b-sec) 1190 951 1042
Highest Average Deceleration*(G's) 5.6 7.4 8.9
Peak Decelerations (G's) 17 22.8 20.0
Severity Index 0.8 Ll T3
Probability of Injury (%) 32 42 51
Failure of breakaway joints
Upper Joint
Failure yes no partial
Failure type bending -- bending
Lower Joint
Failure yes yes no
Failure type 'shear shear -
* Averaged over 50 msec.
TABLE 18 SUMMARY OF VEHICLE DAMAGE ESTIMATES™*
Damage Costs Test 1 Test 2 Test 3
Repair labor - $ 445 $ 497
Parts:
New o 884 967
Used I 484 567
Total Repair Costs
New | 1329 1467
Used 929 1067

* See Appendix F for damage estima

tes




total Occupant
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SEVERITY OF AUTOMOBILE COLLISIONS WITH UTILITY POLES

The severity of an automobile collision with a utility pole was expressed
in terms of a Severity-Index. The severity-index is computed as the ratio of
the measured or computed resultant automobile acceleration to the resultant
"tolerable" automobile acceleration that defines an ellipsoidal surface. This
ratio can be expressed mathematically by Eq. 3. An in-depth discussion

the development of Eq. 3 was presented by Ross and Post (11) and Weaver (12).

2 2 2
ST = Giotal Auto B G1ong . MGat " [CGyevt |
G NG L G T
total Occupant XL YL Lt ZL
where: ---Eq. 18
SI = Severity-Index
Gtota] Auto = Resultant Auto Acceleration

Resultant Tolerable Acceleration

Glong = Auto Acceleration along longitudinal x-axis
G1at = Auto Acceleration along lateral y-axis
Gvert = Auto Acceleration along vertical z-axis
GXL = Tolerable Acceleration along x-axis

GYL = Tolerable Acceleration along y-axis

GZL Tolerable Acceleration along z-axis



accelerations will be averaged over a time duration of 50 msec.
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The relation-

ship between severity-index and injury levels will be discussed in a later

section. Tolerable accelerations suggested by Weaver (12) for use in the

severity-index equation are shown in Taktle 15.

TABLE 19

TOLERABLE AUTOMOBILE ACCELERATIONS

(After Weaver 12)

Accelerations
Degree of Occupant Restraint GYL GXL GZL
Unrestrained 5 7 6
Lap Belt Only 9 12 10
Lap Belt and Shoulder Harness 15 20 17

Since the computer models of the vehicle were one-dimensional, the

lateral acceleration term (Glat) and the vertical acceleration term (G

were set equal to zero in the subsequent work.

long)
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SEVERITY-INDEX RELATIONSHIPS

The criteria used in the majority of the research work conducted during
the past decade for evaluating the safety aspects of roadside hazard improve-
ments were based on levels of vehicle acceleration that would be tolerable
to an unrestrained occupant. One method used to accomplish this task was
to define a Severity-Index which was computed as the ratio of the measured
resultant automobile acceleration to the resultant "tolerable" automobile
acceleration (see Eq. 3). An improvement that resulted in a Severity-Index
value of one or less was considered to be safe; whereas, an improvement
resulting in a Severity-Index value greater than one was considered to be
unsafe. The work to follow will expand the existing technology to include

the probability of occurrence of roadside injury type accidents.

Injury Probability
An indepth discussion on a tentative relationship between Severity-Index
and the probability of occurrence of injury type accidents was recently pre-
sented by Post (13) to the Transportation Research Board. The relationship
established for injury probability is shown in Table 20. For simplicity pur-
poses in this study, the histogram relationship was approximated by the two

linear relationships as shown in Figure 32.



TABLE 20

RELATIONSHIP BETWEEN SEVERITY-INDEX
AND PROBABILITY OF INJURY ACCIDENTS

(After Post 13)

Severity-Index

Probability of

(SI) Injury Accident
SI £ 0.5 0.1
0.5 <SI £1.0 0.3
1.0 < SI 1.5 0.5
1.5 < SI £ 2.0 0.7
2.0 < SI S 2.5 0.8
2.5 < SI 1.0
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P, PROBABILITY OF INJURY ACCIDENTS
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SI, SEVERITY — INDEX

FIGURE 32

RELATIONSHIP BETWEEN SEVERITY — INDEX
AND PROBABILITY OF INJURY ACCIDENTS
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COST-EFFECTIVENESS ANALYSIS

The cost-effectiveness of an improvement alternative is its annuaiized
cost per unit of improvement (effectiveness) it provides. In general, the

lower this cost, the more cost-effective the alternative.

The method used to calculate the cost-effectiveness of the UNL breakaway
utility pole concept was derived from the cost-effectiveness priority approach
formulated by Glennon (14) and implemented in Texas in the management of
roadside safety improvement programs on both freeways and non-controlled
access roadways (15). With this approach, the effectiveness of an improvement
alternative is measured in terms of the number of injury (fatal and non-fatal)
accidents that it can be expected to eliminate each year. The expected annual
reduction in injury accidents attributed to a particular improvement is the
difference between the expected number of injury accidents per year under the
existing condition and the number of injury accidents expected per year afier
the improvement has been made. In each case, before and after improvement,
the expected number of injury accidents per year is referred to as the hazard

index. Therefore, the measure of effectiveness of given improvement alterna-

tive is the difference between the hazard index before and after the improvement.

Thus, in this study the cost-effectiveness of the breakaway concept

was computed as follows:

C. -C
I E
CE = +— ---Eq.19
HE-HI
where:
CE = cost-effectiveness of breakaway pole, cost to reduce one

injury accident (dollars/injury accident reduced/mile);
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(o]
1]

[ = annualized cost of breakaway pole (dollars/year/mile);

o
1]

E annualized cost of nonbreakaway pole (dollars/year/mile);

P
]

E hazard index of nonbreakaway pole (expected number of injury

accidents/year/mile);

=
n

I hazard index of breakaway pole (expected number of injury
accidents/year/mile).
The annualized cost of the breakaway pole includes normal and collision
maintenance costs as well as the first cost of retrofitting the pole to make
it a breakaway pole. The annualized cost of the nonbreakaway pole is cost

of maintaining it, which includes both normal and collision maintenance costs.

A description of the procedure used to calculate the hazard indices

and annualized costs follows.

Hazard Index

The generalized equation used to compute th: nazard index of a utility
pole is:
Hy = E  P(C/E) -ZV,PVPV(I/C)i ---Eq. 20
where:
Hi = hazard index for utility pole of type i, breakaway or non-
breakaway (expected number of injury accidents/year/mile);
E = encroachment rate (number of roadside encroachments/year/mile);
P(C/E) = probability that pole will be struck given that an encroachment
has occurred;
Pv = probability of an impact at speed v given that an encroachment

has occurred;
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Pv(I/C)i = probability of an injury accident given that a pole of type i
has been struck by a vehicle encroaching at speed v;
v = speed of encroachment (mph).

The method by which each of the independent variabies in this equation is

computed is described below.

Encroachment Rate

Knowledge of the rate at which vehicles encroach on the roadside of
various types of highways is very limited. In fact the only pure encroachment
data available are that of Hutchinson and Kennedy (16), which were collected
on freeway medians. More recently Glennon (LZ) has estimated encroachment
rates for different types of highways as linear functions of average daily
traffic (ADT). These relationships were derived from an analysis of roadside
accident rates for different types of highways and a comparison of the freeway
encroachment rate determined by Hutchinson and Kennedy and the freeway road-

side accident rate in Missouri.

In this analysis the encroachment-rate-versus-ADT relationship determined

by Glennon for urban arterial streets was used. This relationship is:

E = 0.000667 ADT ---Eq. 21
where:
E = encroachment rate (number of encroachments on each side of
the street/year/mile);
ADT = average daily traffic (both directions).

This relationship assumes a 50-50 direction split in ADT.
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Probability of Collision

The probability that a vehicle which encroaches on the roadside will
collide with a utility pole is the product of two other conditional probabilities

expressed as follows:

P(C/E) = P(X/E) P(C/X) ---Eq. 22

where:

probability that a pole will be struck given that an

P(C/E)

encroachment has occurred;

P(X/E) = probability that path of vehicle will intersect location
of a pole given an encroachment has occurred;
P(C/X) = probability of vehicle colliding with pole given that

vehicle is on an intersecting path.

The probability that an encroaching vehicle will be on a path that
intersects the Tocation of a utility pole is proportional to the longitudinal
length of the street within which this can occur. This longitudinal length
is a function of the number, spacing, and diameter of utility poles, the
width of the vehicle, and the angle of encroachment. This length effect of a

utility pole for a given encroachment is:

L=d+w (csco) +d (coto) ---Eq. 23

where:

L = longitudinal length of street within which the path of a
vehicle encroachment at angle © will intersect the location of
the utility pole (feet);

d = diameter of the utility pole (feet);

w = width of encroaching vehicle (feet);

© = angle of encroachment (feet).
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Therefore, assuming that the longitudinal distribution of encroachment along
a street is uniform, the probability that an encroaching vehicle will be on

a path that intersects the location of a utility pole is:

P(CS/E) ---Eq. 24

_d +w (csco) +d (coto)
S

where:

S = spacing between utility poles (feet);

P(X/E), d, w,0

same as previously defined.

Evaluating Equation 8 for the pole spacing (150 ft.) which was used in the
full-scale test and the average encroachment angle (7°) found by Glennon (i7)
for urban arterial the probability is 0.389 that the path of an encroaching
vehicle six feet wide will intersect the location of a utility pole one foot

in diameter, which was the value used in this analysis.

The probability that an encroaching vehicle on an intersecting path will
collide with a utility pole is a function of the lateral distance between the
outside edge of the travelled way and the location of the utility pole. The
greater this distance, the further the vehicle must travel along the path to
reach the location and the less likely it is that it will collide with a pole.
For the purpose of this analysis, the probability values shown in Table 21
were used for this probability. These values were derived from the distribution
of the lateral extent of encroachments on urban arterial streets estimated by

Glennon (17).

Probability of Injury Accident
The probability of an injury accident given that a collision with a

utility pole has occurred is a function of the severity index of the impact.



TABLE 21 - LATERAL EXTENT OF ENCROACHMENT
PROBABILITIES ON URBAN ARTERIAL STREET

Lateral Distance
of Utility Pole From
Edge of Traveled Way

Probability of Vehicle on
Intersecting Path Colliding
With Utility Pole@

(feet)
0- 5 .88
5-10 .66
10 - 15 .48
15 - 20 .34
20 - 25 23
25 - 30 % 1
>30 .06

(a) Derived from Glennon (17).
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In turn, the severity index depends on the speed of impact, the type of
pole (i.e., breakaway or nonbreakaway), and the size of the vehicle (i.e.,
4,500 1bs or 2,250 1bs). The probability of injury accident for the various
impact-speed, pole-type, vehicle-size combinations considered in this study
are shown in Tables 11, 12, and 13. The procedures used to compute these

values were described in a previous section of this report.

Impact Speed Probabilities
The impact speed probabilities used to compute hazard indices were determined
based on the assumption of normally distributed impact speeds. A mean speed

of 22.5 mph and a standard deviation of * 5 mph were used.

Annualized Cost

Lincoln Electric System estimated that it would cost an average of $15
to retrofit a utility pole to make it breakaway. This cost includes 1labor,
materials, and travel costs. At the pole spacing of 150 feet, which was
used in the full-scale tests, it would cost about $540 per miie to retrofit
a line of utility poles located on one side of the street. Using a 15-year
life, 7% interest rate, and a zero salvage value, the annualized cost of
retrofitting is approximately $60/year/mile. The estimated life of a utility
pole is around 30 years; therefore, the use of a 15-year life is based on
the assumption that retrofitting existing poles will occur on the average

15 years after the poles were installed.

For the purposes of this analysis, the annual collision and normal
maintenance costs of breakaway poles were assumed to be the same as those of
the nonbreakaway poles. Therefore, the total annualized cost of breakaway poles

used was $60/year/mile.
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Evaluation
The hazard-index and annua}ized-cost data presented in the preceding
sections were used to compute the cost-effectivenss of the UNL breakaway
concept. An ADT of 20,000 was assumed, which corresponds to an encroachment
frequency of 13.3 encroachments on one side of an urban arterial street
per year per mile. Computations were done for both a 4,500-1b vehicle
and a 2,250-1b vehicle. Also. cost-effectiveness values were calculated

over a range of lateral offsets of the pole from the edge of the traveled

way. The results of these computations are presented in Tables 20 and 21.

On the basis of these results, it appears that the breakaway concept
is very cost effective particularly for utility poles located close to the
street. Also, it appears to be more cost effective in the case of the
heavier vehicle. However, even for the Tighter vehicle it provides over a
95% probability that a reduction in injury accidents will result from its

application to utility poles within 20 feet from the street.

It should be remembered that the cost-effectiveness values shown in
Tables 22 and 23 are for an ADT of 20,000. These values are inversely pro-
portional to ADT. Therefore, the cost-effectiveness of the concept would
be better than that indicated by the values in these tables if the ADT were
higher, and vice versa. Also, it should be noted that in general the
results are independent of pole spacing, because the change in the effective-
ness (i.e., the reduction in hazard index) of the concept due to a change
in pole spacing is the same as that in annualized cost caused by the same
change in spacing. For example, if the pole spacing were doubled, both the
reduction in hazard index and the annualized cost would be cut in half; and

thus, the cost-effectiveness value would remain the same.
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TABLE 22 - COST-EFFECTIVENESS OF BREAKAWAY
UTILITY POLE - 4,500 1b Vehicle(?)

Cakevan Cost-Effe%E;veness Probabi?fty of
offset 1 ur ®) | wr (€) | wr- wrg ($/ingﬁl;eacciq. Zeﬁﬁciﬂéﬁiie)
(feet) reduced/yr/mi) Reduction
0- 5 3.02 2.15 .88 70 .000002
5-10 2.27 1.62 .65 90 | .00006
10 - 15 1.65 1.18 .47 130 .0009
15 - 20 1.17 .83 .34 180 .006
20 - 25 .79 .56 4 260 .03
25 - 30 .52 37 L 400 .11
>30 -4 | 15 .06 1,000 .41

(a) Based on 20,000 ADT and 150-foot pole spacing.

(b) HIE hazard index of nonbreakaway pole.

(c) HII hazard index of breakaway pole.

(d) Annualized cost of retrofitting pole = $60 /year/mi

(e) Based on 15-year life and Poisson distribution of accident occurrence.
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TABLE 23 - COST-EFFECTIVENESS OF BREAKAWAY
UTILITY POLE - 2,250 1b Vehicle (@)

Lataval Cost—Effe%S;veness Probability of
Offset | yy () HE () | I -HI ($3?;?ﬁry accid. Zeﬂﬂciﬂéﬁiﬂ \
(feet) reduced/yr/mi) Reduction \&
0- 5 3.81 3.25 .56 110 .0002

o =~ 10 2.86 2.44 .42 140 .002
10 - 15 2.08 1.77 . | 190 .01
15 - 20 1.47 1.26 S2% 290 .04
20 - 25 1.00 .85 19 400 a1}
25 - 30 .65 <55 .10 600 .22

>30 .26 RS .04 1,500 «55

(a) Based on 20,000 ADT and 150-foot pole spacing.

(b) HI. = hazard index of nonbreakaway pole.

(c) HII hazard index of breakaway pole.

(d) Annualized cost of retrofitting pole = $60/year/mi

(e) Based on 15-year life and Poisson distribution of accident occurrence.
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SUMMARY AND CONCLUSIONS

During the past several years considerable attention has been given
to improving roadside safety by removing obstacles from the immediate
vicinity of the traveled way. In many cases where these obstacles could
not be removed, or relocated, the obstacles were modified to break away
when struck by a vehicle. Research and accident experience have shown that
breakaway sign supports and luminaire supports are effective in reducing
the severity of vehicle impacts. However, not until recently has much
attention been given to utility poles. Utility poles represent one of the
most serious roadside hazards, particularly in urban areas, because of the
relatively high collision frequency and the relatively high impact severity.

In February 1978, a concept for a breakaway utility pole was proposed
by the Transportation Research Program at the University of Nebraska-Lincoln
(UNL). During the next year, meetings were held with representatives of
the Lincoln Electric System and Lincoln Telephone and Telegraph Company as
well as the Nebraska Department of Roads., City of Lincoln, and Federal High-
way Administration. The purpose of these meetings was to discuss the pro-
posed concept and to solicit the involvement of these organizations in a
study of its feasibility. Based on the interest expressed at these meetings,
the Department of Civil Engineering and the Engineering Research Center at
the UNL provided funding for such a study.

The objective of this study was to determine the feasibility of the UNL
breakaway utility pole concept. A series of scale-model, pendulum, and full-
scale vehicle crash tests were conducted to: (1) gain an understanding of
the mechanics involved, (2) test the physical realizability of the concept,
and (3) determine the degree to which it reduces impact severity. In addition,
a computer simulation model was developed and validated with the data obtained
from these tests. The model was then used to evaluate the performance of the
concept for a variety of pole configurations and impact conditions. Based on
the estimates of impact severity reduction from the computer simulations and
full-scale tests, the potential cost-effectiveness of implementing the break-
away concept was determined.
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From the results of this accident study, it is apparent that utility
pole accidents are a serious problem in Lincoln, particularly at night and
during the winter months when they are most likely to occur. The 40-ft.
wooden utility pole is the type most commonly installed along arterial stirzets
in Lincoln and consequently was the type most frequently struck. Thus this
type of utility pole was selected for testing the UNL breakaway concept.
Analysis of the most likely impact conditions indicated that the testing be
conducted at impact speeds of 35 mph or less and impact angles of 30 degrees

or less.

Compared to fixed object accidents in urban areas in Nebraska during
1978, wooden utility pole accidents in Lincoln had a higher than average
severity. Also, as expected, the severity of these utility pole accidents
generally increased with higher impact speeds, larger poles, and lighter

vehicles.

The computer model program developed and validated in this study was
used to compute the vehicle decelerations, vehicle momentum changes, vehicle
crushing, and time and type of failure occurring at the Tower and upper

breakaway joints of the utility pole.

The impact severities computed for non-breakaway and breakaway utility
poles showed that:
1. Breakaway utility poles are effective in reducing injury accidents.

2. Standard size vehicle impacts are Tess severe than subcompact
vehicle impacts.

3. A standard size vehicle colliding with a non-breakaway utility pole
is equal in severity to a subcompact size vehicle colliding with
a breakaway utility pole.
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No attempt was made in this study to monitor secondary impacts between

the upper portion of the vehicle body and the two rigid body portions of

the pole. Secondary impacts occurred in all the simulation runs when the
upper breakaway joint was Tocated at 7 ft. above groundline. To gain insight
into the severity of secondary impacts, graphs were made of the trajectories
of the two rigid body portions of the pole in relation to the outline shadow
of a subcompact vehicle (1974 Vega GT). Based on an examination of these
graphical plots, the following predictions were made:

1. The center-of-gravity of the 7 ft. "breakaway stub"” section ci the
pole is high enough so that the upper end of the stub will not
penetrate through the vehicle windshield, but will instead, lTand on
the vehicle front hood and roof. This situation exists for all the
impact speeds considered.

2. The upper portion of the breakaway pole (portion above upper breakaway
joint: will strike the back windshield of the vehicle under the Tow
impact speed of 15 mph. This situation could result in injuries in
the rear seat.

3. The upper portion of the breakaway pole will most Tikely strike the
trunk of the vehicle under an impact speed of 20 mph. This situation

should not result in any injuries.

FULL-SCALE TEST CONCLUSIONS
A number of conclusions and comments on the full-scale tests were noted
after review of the full-scale tests.
1. The breakaway concept preposed by the University of Nebraska appears
to work best with the upper breakaway joint at 8 ft. or less above

ground Tevel. Dynamic analysis of the pole may improve this cenclusion.
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2. There is enough flexibility in the pole as modified by the breakaway
concept so as to insure low probability of injury in a collision.
This is true even when the upper breakaway joint does not fail.

3. A "worst case" failure mode occurred in Test No. 3 in which neither
breakaway joint failed. Even under these conditions the probability

of injury was significantly less than an unmodified pole.

On the basis of the cost-effectiveness analyses, it appears that the
breakaway concept is very cost effective particularly for utility poles located
within 10 ft. of the street. Also, the design concept appears to be more
cost-effective in the case of the heavier 4,500 1b. vehicle. However, even for
the lighter 2,250 1b. vehicle, the breakaway concept provides over a 95%
probability that a reduction in injury accidents will result from retrofitting

utility poles within 20 feet from the street.
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FUTURE RESEARCH AND DEVELOPMENT WORK

This study of limited scope (Phase I) has demonstrated that (a) the
breakaway utility pole stub concept is feasible and cost-effective, and
(b) additional research and development (R&D) work is warranted. A work

plan, schedule, and cost estimate for future Phase II and III R&D follows.

Work Tasks
Phase II Study

Task 1. Conduct 10 full-scale static tests on 40 ft. Class 4 Yellow

Pine utility poles with breakaway joints to determine:
(a) Ultimate bending strength of breakaway joints with minimum
required section modulus to carry ice and wind loadings.
(b) Ultimate shearing strength of breakaway joints with area
corresponding to the minimum required section modulus.
Task 2. Modify computer model developed in Phase I Study
(a) Idealize breakaway pole as 4 or more rigid bodies to
better reporesent elastic bending in area of upper breakaway
Jjoint.

(b) Monitor secondary vehicle body-pole impacts.

(c) validate computer model with full-scale tests 1 and 2
in Phase I Study.

Task 3. Conduct 5 full-scale tests on 40 ft. Class 4 breakaway utility
poles using subcompact vehicle (2,250 1bs.) at impact speeds
of 15, 20, and 25 mph.

Task 4. Validate computer model with results from high-speed film

analyses of full-scale tests conducted in Task 3.
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Task 5. Conduct 5 full-scale field static tests on retrofitted utility
poles with breakaway joints to determine the structural adequacy
of the poles under heavy ice and wind lcading conditions as
specified in ANSI (4).

Task 6. Develop design criteria for retrofitting existing wood utility
poles with breakaway joints using the cost-effectiveness (C/E)
program developed by Post (8) for the Nebraska Department of
Roads (NDR). The Roadside Hazard Inventory and Improvement
Coding Forms developed in the NDR study are shown in Figures
33 and 34. Utility poles would fall under the "Point Hazard"
category. Additional subroutines would have to be developed
to use this program on breakaway utility poles. A computer
model parameter study (Table °~ will be conducted to compute
severity-indices to be used in the C/E model.

Task 7. Determine feasibility of applying and sealing liquid Fumigants
in the Tower breakaway joint of retrofitted utility poles in
order to control internal decay fungi and insects above and
below groundline. A paper on Fumigant treatment was published
by Graham (9).

Task 8. Investigate the legal obstacles of who is responsible for
retrofitting and maintaining breakaway utility poles. Also,
investigate the legal obstacles associated with breakaway
utility poles falling and injuring bystanders or causing
secondary collisions.

Task 9. Prepare Interim Report of Task 1 through 8.

Note: If findings in Interim Report are satisfactory and
approved by the sponsors, then continue with Phase IIl

Study; otherwise, terminate the project.
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TABLE 24

COMPUTER MODEL PARAMETER STUDY

(324 Simulations)

Variable

Conditions

Automobile Sizes
Impact Speeds
Pole Lengths

Breakaway Joints

Breakaway Joint Heights

Soil Types

Wire Arrangements

15002, 2000, 25002, 3000, and 4000 1bs
102, 15, 20, 252, 30 and 35% mph
30, 359, 40, 45°, and 50 ft

7 and 8 ft

" -standard compaction
2 type soils L& moisture content
Non-breakaway Connections

1 crossarm

2 crossarms
Breakaway Connections

1 crossarm

a. Interpolated
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Phase 111 Study

Task 10. Retrofit existing utility poles with breakaway joints in
high accident locations.

Task 11. Etvaluate impact performance of retrofitting breakaway utility
poles in Task 10. Damage done to conductors and insulators
will also be evaluated in this task.

Task 12. Update design criteria in Task 6 of the Phase II Study.

Task 13. Prepare final report.

Work Schedule
A work schedule of the Phase II and III Studies is presented in Table
25. The total study would require 30 months to compiete with 12 months

spent in Phase II.

Cost Estimate
It is estimated that Phase II would require 2 man-yrs of effort and

Phase 1II would require 1 man-yr of effort.
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APPENDIX A

COMPUTER MODEL VARIABLE NAMES
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APPENDIX B

UTILITY POLE-VEHICLE MODEL COMPUTER PROGRAM

INPUT DATA: Vehicle Wt. = 2250 1bs.
Upper B/A Joint Ht. = 8.0 ft.
Impact Velocity = 20 mph

QUTPUT DATA: Interval Time at 46 & 47 msec.

Print plot of GEE's vs. Time
over 6.3 msec.
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APPENDIX C

HIGH-SPEED FILM ANALYSES
of
PENDULUM TESTS
of
25 ft. BREAKAWAY UTILITY POLES

(TEST NO. 7)
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APPENDIX D

HIGH-SPEED FILM ANALYSES
of
FULL-SCALE VEHICLE CRASH TEST
of
40 ft CLASS 4 BREAKAWAY UTILITY POLE
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HIGH-SPEED FILM ANALYSIS

FULL SCALE TEST NO.2
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HIGH SPEED FILM ANALYSIS
FULL-SCALETEST NO.3

Figure D3
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APPENDIX E

VEHICLE IMPACT MODEL
for
MON-YIELDING BARRIERS
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APPENDIX F

ORIGINAL DAMAGE ESTIMATES
ON FULL-SCALE TEST VEHICLES



ey,

_,'_'74
. W AaX
- Tes

— et =

Xic_;%x%_”‘l"';

'><>4'/~<5<

* o o

)("XKRT

e _ Ly M,

Damage Report

145

614133

Date'-?\ o 7

Stata

—_—

s B e e PO e

_—1.D. No._

+ U&l’ur._lr_,_..#z.

T T ubs Sl |
. {4266 _/Spon| |

r )
Model _{/ 434
4

_L,‘.phu‘;ﬁ;ﬁ ? gvv
. —'{M_i /gZZéC =

l

!

s

b e i et R Vi e R —
SR . TN S — e — — e e e e e B e e

—— e ———— . ————

R 111 10 TOT et 1 || 1T T R

FiteNo, .

aelacense Mo o oo o e T

MENRONL 011 1, ) 50 Sl F N

T
23R

' 1"%*’; Y

0(

eel /

ST’ E&L:J

g T
T aEa” B

.__ZxZL{ ‘354-(_4

j 7% lec

!

/_{bc

r’iﬁ

o -

[

S

v Ya)

( S—

] Az.l_ra] */g,:’d_
,,_/:L/gi |

o —— ———

1

i

ERE

| Lsed |
i

|

t

. - "1

—— ——

TOTALS

19328

athorization for Repair

PETE'S BODY SHOP

2035 Yolande Street
Lincoln, Nebraska 68504

PARTS Flroce sulngoet tu vioice
LABOR .. hry, 0 5
Paint

Paint Supplics
Shop Supplies

Towing / Stordge

Sublet

Tax

DAMAGE FEPORT TOTAL
CHANGES (5#e Back 9 )

NEW TOTAL




Pind, 1ife Trin

i e ~ EHISSUESS /17, PULPRMASRPSIIRRR o0 1 1) 1; ISR e,

Test Yohidde B2 FueNe .

. o oo b N e P EPTRRERN 1ol (10 4 | Sy e = e By o oo S = e
?‘* Ty WEITrEr 873 v
8 REIVE S RS T . < AR BRORS S ;

. "~ %MZ?L-«.QCJZH }/1 oo _,1‘1 4 L

(N
. At g _
TTry~ - ! | .
X:i:c ' ;
o i 5 i |
|
! |
:‘"_
i ’.

e o

QN e A e Ay (R e 4

ARSI

. , ‘
_ i __
| IEI | \ ] | | |
| S N ' |3 W G T
+—+— L—L{,—l——j—— ' . 1 .
H | | | y ! ‘; 1 ¢ | ' i ! i ( A
| i_Gx | i H | C ; | I i iy 2 J L
s | M v ] | | ! ! ' | ' ¥
! i ! | o i [
| | i | . !
il L

|
|
§t!_; f: |
& ." ) | |
: Y Bl
[il_l_
.
1
-+
|

Authorizition for Repair I | _
b

I o £
oL @3 $ ?‘ Sy S
' PETE'S BODY SHOP I & s
! 2035 Yolande Street q;""ls“"’" . $ e rereeee
Lincoln, Nebraska 68504 - Sublet s,

B P Tax o
[LJ T :_’{f /Omj; DAMAGE it: "ORT rnTMC#:

» s CHANGES ‘o Back % 5%_-" -_. _. "

S





