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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 identified as being hazardous. In some cases these 
obstacles can be removed or relocated. The utility pole is an example of 
an obs"tacle 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 lbs) was used for 
the first test and a small vehicle (2250 lbs) 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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I. INTROOUCTION 

During the past decade. considerable attention has been given to improving 

roadside safety by removing or relocating point hazards in the immediate 

vicinity of the travelled roadway. In wany cases where point hazards could 

not be readily removed or relocated. the hazards were made to break-away when 
struck by an errant vehicle. Research and accident experience have shown 

that breakaway sign supports and luminaire supports have been very effective 

;n reducing the accident severity of vehicle impacts. However, not until 

recently has much attention been given to wooden utility poles. In a recent 

Transportation Research Board (TRB) report, Jones ll)* found that utility 

poles represented the most frequent object struck in urban single-vehicle 

accidents and the Iilost frequent source of injury. Typical .utility pole 

insta1lations located in the irrmediate vicinity of the travelled roadway 

which would warrant attention are shol-'m in Figure 1. 

I-A. UNL Breakaway Concept 

In 1978. a concept for retrofitting existing wooden utility poles in the 

field to breakaway under impact was proposed by Post (g) at the University of 

:--.lebraska-l incoln (UNL); and, in 1979. a study was conducted by Post to deter

mine the feasibility of the breakaway concept. As shown in Figure 2. the 

breakaway concept consisted of making two breakaway joints located 2 in. 

( 5.1 em) and 8 ft. (2.4 m) above the level of the ground. The breakaway 

failure mechanism was found to be dependent on the impact speed of the vehicle. 

Under low-speed vehicle impacts. only the lower breakaway jOint actuated there

by allowing the pole to rotate about the conductors and slowly bringing the 

vehicle to a stop as illustrated in Figure 2a. However, under high-speed 

vehicle impacts, the vehicle knocked aut the stub between the lower and 

upper breakaway joints thereby allowing the vehicle to pass safely under the 

portion of the pale above the upper breakaway joint as illustrated in Figure 

2b. 

* Reference designation number 
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The breakaway joints were made by drilling a horizontal row of I-in. (2.5 cm) 
diameter holes as shown in Figure 3 and then making a sawcut between the holes. A 
drilling jig was clamped to the pole to maintain correct alignment and spacing 
of the holes. The holes were drilled in the direction in which the majority of 
impacts would most likely occur. This pattern and direction of holes provided 
(a) the minimum bending strength parallel to the conductors and in the direction 
of impact~ and (b) the maximum bending strength perpendicular to the conductors 
to carry the required ice and/or wind loads specified in the American National 
Standard Institute: National Electrical Safety Code (1). 

1-8: UNL Full-Scale Vehicle Test Results 
A series of three full-scale vehicle crash tests were conducted by Post (1) 

on new 40 ft. (12.2 m) Class 4 Southern Yellow Pine utility poles. A summary 
of the test results are presented in Table 1. Test No.1 was conducted with 
a large 4,500 lb (2,043 kg) automobile at an impact speed of 30.8 mph (49.6 
km/h); whereas, Tests No.2 and 3 were conducted with a small 2,450 lb (1,112 k9) 
automobile at an impact speed of about 21 mph (33.8 km/h). Referring to Figure 2, 
Test No.1 would be classified as a high-speed impact and Tests No.2 and 3 
would be classified as low-speed impacts. Photographs of Test No.2 are shown 
in Figure 4. 

The vehicle weight and impact speed in Test No. 2 were in conformance with 
the recommended test procedures in TRS Circular 191 (i), whereas the veh i cle 
weight and impact speed in Test No. 1 did not conform. The evaluation criteria 
in TRS 191 indicates that a change-in-momentum of the vehicle greater than 
1,000 lb-s (4,890 Ns) is considered unacceptable . It can be seen in Table 1 
that the change in momentum in Test No. 2 exceeded this criteria, but the change 
in momentum in Test No.1 did not exceed it. In spite of this fact~ Test No.2 
was considered to be promising because (a) the vehicle was slowly brought to 
a stop over a distance of about 12 ft. (3.7 m), and (b) the util ity pole 
remained attached to the conductors. Test No.3 was conducted in an attempt 
to repeat the results in Test No. 2, however~ the results of Test No.3 were 
completely unacceptable because the lower and upper breakaway joints failed 
to actuate due to 6 in. (15.2 em) of pole displacement in saturated soil. 

4 
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Table 1. Results of Full-Scale Vehicle Crash Tests on 
UNL Breakaway Util ity Pole Stub Concept 

[after Post Wl 

Test Test 
Condition No. 1 No. 2 

, 
Vehicle Type 1973 Buick 

, 
1974 Vega 

Vehicle Weight (1 b) 4,600 2,450 
Imp,;c t Speed (mph) 30.8 21.4 
Upper B/A Joint Actuate Yes No 
lower B/A Joint Actuate Yes Yes 
Type Failure Mechanism Figure 2b Figure 2a 
TRB 191 Criteria 

Momentum Change (1 b-sec) 1,100b. 1,450c . 

Test a 
No.3' 

1974 Vega 
2,450 
20.8 

No 
No 

--

2,300c. 

a. Test results unacceptable because breakaway joint(s} failed to actuate 
due to large displacements of pole in saturated soil. 

b. Time between incipient contact and loss of contact between vehicle and 
breakaway utility pole. 

c. Time for free missile to travel a distance of 24 in. starting from rest 
with the same magnitude of vehicle deceleration. 

Metric Conversion Factors 
1 mph = 1.609 km/h 
1 lb = 0.454 kg 
1 lb-s = 4.45 Ns 

6 
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I-C. Study Objectives 

Because the breakaway util ity pol e concept proposed and tested by Post (f) 
of the University of Nebraska showed much promise as being a viable improvement 

alternative, the Federal Highway Administration (FHWA) provided funds to con

tinue work on the UNl breakaway concept. 

The objectives of this study were twofold. The first objective was to 
conduct two full-scale static bending strength tests to evaluate the perfor

mance of the breakaway UNL concept in carrying environmental loads. The 

secohd objective was to conduct three full-scale vehicle crash tests in an 

attempt to repeat the previous results of Test No.2 in Table 1. Both the 
static tests and the crash tests were conducted on "new ll 40 ft. (12.2 m) 

Class 4 Southern Yellow Pine util ity poles. 

8 



II. OESI&~ OF BREAKAWAY UTILITY POLE 

The majority of utility poles in use range from 25 to 105 ft. (7.6 to 

32.0 m) in height. In this study, new 40 ft. (12.2 m) Class 4 poles were 

used for full-scale testing. A recent survey conducted by Labra (~) of the 
Southwest Research Institute shOl.,.ed that the 40 ft. (12.2 m) Class 4 poles 

were the most common size pole in use. The percentage breakdown of the sur

vey by Labra on pole lengths are shown in Table 2. 

II-A. ' Typical Design Pole 

The Utypical" 40 ft. (l2.2 m) utility pole and conductor arrangement 

used in this study and shown in Figure 5 were selected by Redding (6) of the 

Lincoln Electric System. The pole has 3 top conductors (type 336.4 KCI1, 18/1) 

on a double cross-arm and 1 bottom neutral wire (2/0, 6/1) on the pole. The 

span length between poles was 150 ft. (45.8 m). 

The loadings on the pole and conductors were in accordance with the 

design code specifications of the American National Standard Institute: Na
tional Electrical Safety Code [~~SI Code (~)]. The ANSI Code specifications 

applicable to Nebraska are summarized in Table 3. The Code requires that a 

utility pole ;n Nebraska satisfy design loadings under (a) ccmbined heavy ice 
+ wind. and (b) extreme wind. The position of the appl ied loads are shown in 

Figure 5. whereas. the computed magnitude of the applied loads are shown in 
Table 4. The equations used to calculate the applied loads were as follows: 

PI = ( d
l 

+ 2t)Lq (1) 

P
2 

= (d
2 

+ 2t)Lq (2) 

°2 + 0 

"3 
= ( 3) (15 11 - l2)q (3) 

2 

0
1 

+ 0 
P4 = ( 3) (1 ll)q (4 ) 

2 5 

°1 
= WIL +1': [(d

l 
+ 2t)2 d

j 
2]LP ( 5) 

4 
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Pole 
Length 
(ft) 

25 

30 

35 

40 

45 

50 

55 

60 

75 

80 

85 

90 

100 

105 

Table 2. Sur:rnary of Util ity Pole Lengths 

[after Labra (2)] 

Percent Cumulative 
in Use Total 

( %) ( %) 

0.2 0.2 

20.7 20.9 

21. 9 41. 9 

29.6 71. 5 
16.6 88.1 

7.6 95.7 

0.7 96.4 

0.6 98.3 

0.6 98.9 

0.5 99.4 

0.4 99.8 

0.1 99 . 9 

Negl. 99.9 

Negl. 99.9 

10 
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a, Q, 0, d, 
0 3 1 I q 

_3P, Dimensions 

O2 d2 •• 0.684 in. Wire Diameters : d, = 

- P2 
d2 • 0.447 in . 

Pole Diameters , o ,. = 10.7 in. 0 

(min .) O,b. = 10.6 in. 

O2 
h. = 9.9 in. 

C.G. 0 3 = 6.' in . 

Vertical Heights , 
" 

• 0 .5 ft. 
w '2 · 6.5 ft. 

'3 • 27.0 It. 

.. .. L " 
= 33 ,0 ft. 

'5 = 34 .0 ft . 

'6 = 17.0 ft . 

" 
• 20 .5 ft. 

Average Span length = 150 ft . 

'* Aesisting moments from applied loads Notes: (a) Cross-Arm Wires (336.4 KCM, 1S/1) ... 0.543 kg/m 

Neutral Wire (2 /0, 6/ 1) .. . 0.272 kg/ m 

F,gure 5. 

··Wires fixed to insulators·· 

{bl locations 01 Breakaway Joints 

(e) 6 ft. from butt (10% 15 + 2) 
Metric Conversion Factors 

1 in. == 2.54 em 
, ft. '" 0.305 em 

Typical 40 Ft. Class 4 Breakaway Utility Pale: Dimensions, 
Conductor Arrangement, Applied Loadings and Moments 



Loading 

Condition 

C""blned 

Ice + Wind 
Loading 
(Heavy) 

Extreme 
Wind 

Loading 

Table 3. Transverse Design Loading for Wood Util ity Poles 

ANSI (1) 

Code 

Section I T E M 

250. B. Radia I Ice Thickness 
250. B. Horizontal Wind Pressure 
250. B. lee Unit Weight 

252. B.2. Pole Shape Factor 

261.A. 2.a (I) Designated Fiber Stress (Yellow Pine) 

261.A.2b Overload Capacity Factor 

250. C. Horizontal Wind Pressure 
252. B.2. Pole Shape Factor 
260. C. Overload Capacity Factor 
26I.A.2.a{l) Designated Fiber Stress (Yellow Pine) 

Metric Conversion Factors 
1 in. = 2.54 em 

1 ps i = 7.031 (10- 2) kg/em2 

I psf = 4. B82 kg/m2 

1 pef = 16.018 kg/m3 

Specifications 
(Grade B) 

0.50 in. 

4 psf 

57 pef 

I 
8.000 ps i 

4 

16 psf 

1 

1.0 

B.OOO ps i 



Table 4. Magnitude of Applied Loads 

Variable Applied Loads (lb) 

(Fi gure 5) Ice + Wind Extreme 
Loading Loading 

PI 85 140 
P2 70 90 
P3 75 300 
P4 95 385 
Q1 165 55 
Q2 115 25 

, 

Metric Conversion Factor 

Ilb=4.45N 

where 

PI = resultant load on each cross-arm conductor 

P2 = resultant load on neutral conductor 

P3 = resultant load on portion of pole above upper breakaway joint 

P4 = resultant load on portion of pole above lower breakaway joint 

01 = resultant load on each cross-arm conductor 

Q2 = resultant load on neutral conduction 

t = radial ice thickness 
q = horizontal wind pressure 

WI = unit weight of each cross-arm conductor 

W2 = unit weight of neutral conductor 

p = unit weight of ice 
L = span length between poles 

d1 = diameter of each cross-arm conductor 

13 
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d2 = diameter of neutral conductor 

Do = diameter of pole at ground level 

01 = diameter of pole at lower breakaway joint 

02 = diameter of pole at upper breakaway joint 

11 = height of lower breakaway jOint above ground level 

12 = height of upper breakaway joint above lower breakaway joint (stub 
length) 

13 = height of neutral conductor above ground level 

14 = height of each cross-arm conductor above ground level 

15 = height to top of pole above ground level 

II-B. Design of Breakaway Joints 
As shown earlier in Figure 3, the breakaway joints were made by drilling 

a horizontal row of I-in. (2.5 cm) diameter holes and then saw-cutting the 
spaces between the holes. A drilling jig was clamped to the pc1e to maintain 
correct alignment and spacing of the holes. The holes were drilled in the 
direction in which the majority of impacts would most likely occur. This 
pattern and direction of holes provided (a) the minimum bending strength 
parallel to the conductors and in the direction of impact. and (b) the maximum 
bending strength perpendicular to the conductors to carry the required ice and/ 
or wind loads specified by the ANSI Code (3). Referring to Figure 6, the 
maximum bending strength of the breakaway joint occurs about the y-ax is. and the 
minimum bending strength occurs about the x-axis. The breakaway jo"int is 
similar in shape to a wide-flange beam. Equations used to compute the prop
erties of the breakaway joint in relation to the y-axis are shown in Figure 6. 

The breakaway joint in Figure 6 was designed to resist only the bendinq 
moments due to the environmental ice and/or wind loads specified by the ANSI 
Code (1). No attempt was made to take into consideration axial forces. shear
ing forces, moments about the weak x-axis. or the vehicle impact loads. The 
section modulus of the breakaway joint required to comply with the ANSI Code 

14 
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y ----1---------1- V--.L:..+--
Most Probable 
Direction of 

Vehicle Impact 

Y <:::==:J --
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Properties of Breakaway Joint 

• 

Iy (moment of inertia) '" 

~ d4 ._ ,'2 (2c)(2a)3 

Sy(section modulus) = 

8 ,3 
..lLd3 --c-
32 3 d 

A (cross-sectional area) '" 

, 

Section width of 23 removed by 
drilling '·in. dia. holes and saw
cutting spaces between holes. 

..•. •..... 171 

. ..•...... 181 

... • ...... 191 

.......... 1'01 

*"d2 - 23 (2e) .......... (11) 

Figure 6. Properties of Breakaway Joint 
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was computed by the flexural equation given below. 
_ M 

Sy = ~ (12 ) 

where 

Sy = required section modulus to comply with ANSI Code 

My = ul timate design moment due to environmental ice and/or wind loads 

fo = ul tima te bending strength 

.The ultimate design moments occurring at the lower and upper breakaway 

joints can be computed from the environmental loading conditions shown in 
Figure 5. Neglecting the effects of the vertical conductor loads, the equa

tions used were as follows: 
Lower Breakaway Joint 

My = [3Pl (14 - 1]) + P2 (13 - 1]) + P4 (16 - 11)] (Ol) (13) 

Upper Breakaway Joint 

My = [3P1 (14 - 1] - 12) + P2 (13 - 1] - 12) + P3 (17 - 11 - 12)](OL) 

(]4) 
The computed bending moment, section modulus, and width of pole to be 

removed for each of the lower and upper breakaway joints are shown in Table 5. 

Because of the larger design moment, it can be seen that the section modulus 

of each joint was governed by the ice + wind loading conditions. It can also 
be seen in Table 5 that the width of pole to be removed from each joint differs 
by only 1/4 in. (0.6 cm) which is insignificant if one takes into consideration 
the variability in pole size and strength from pole to pole. In this study, 

an average width of 6-3/4 in. (17.1 cm) was removed from both the lower and 
upper breakaway joints. This practice would simplify actual field operations 
and minimize the probability of using the wrong drilling jig on the wrong 

joint. A detailed drawing of the drilling jig used is shown in Figure 7. 

The residual section modulus of the breakaway joints is approximately 
60%. The residual section modulus is defined as the section modulus of the 

breakaway joint expressed as a percentage of non-breakaway section modulus. 
In other words, the residual section modulus is a measure of the strength of 
the pole after it is modified. 
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- Table 5. Required Dimensi ons of Breakaway Jo ints 

Ul tima te Design Required Section Width Res idua 1 
Momentsa . Modulusb . 

Breakaway of Pol e Section 
(1 b-ft ) ( in 3") 

to be Modulusd. Joint Ice + Wind Extreme Ice + Wind Ex treme 
Loading Wind Loadingl Wind Removedc , 

(OL = 4) 
LOadi") I Loading (i n) (%) (OL = 1 

Lower 46,480 22,390 70.3 33.6 6.80 60 

Upper 36,170 16,770 54.3 25.2 6.55 57 

a. Eqs. 13 and 14 where, OL = Overload Capacity Factor 

b. Eq. 12 

c. Eqs. 7, 8, and 10 (see Figure 6) 

d. Section modulus of breakaway joint expressed as a percentage of non-breakaway 

section modul us. 

Metric Conversion Factors 

1 in. 

1 in 3 

1 1 b-ft 

II-C. 

= 2.54 cm 

= 16.39 cm3 

= 1.36 Nm 

Longitudinal Loadings 
In the previous work, the moments resulting from the lateral ice + wind 

loads applied perpendicular to the conductors were considered critical in 

the design of the breakaway joints. The longitudinal moments required to 

support wind loads applied in the direction of the conductors were determined 
for comparative purposes later in the study (Section III) with the results 
from the full-scale static test about the weak axis of the pole. 

No attempt was made in this study to take into consideration the longi
tudinal loading s spec ifi ed in Secti on 252C of the ANSI Code. The l oa ding 
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co~itions in the Code included such items as (a) stringing loads, and 
(b) unequal spans and unequal vertical loadings. 

The equation used to calculate the ultimate longitudinal design moments 
due to an assumed wind pressure only was as follows: 

where 
Mx = ultimate design moment about weak axis of lower breakaway joint 

P4 = resultant longitudinal wind load on portion of pole above 
breakaway joint 

11 = height of lower breakaway joint above ground level 

16 = center-of-gravity of pole 

OL = overload capacity factor = 1.33 

Using the extreme wind loading given in Table 4 and the dimensions 
of the pole given in Figure 5. the ultimate design moment was computed by 
use of Eq. 15 to be equal to: 

Mx = 8,450 lb-ft (11,490 Nm) 
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Ill. FULL-SCALE STATIC ST?::'GTH TESTS 

'" 
Two fu11-scale static tests were conducted on "new" 40 ft (12.2 m) Class 4 

Southern Yellow Pine utility poles in order to evaluate the ultimate strength 

performance of the UNL breakaway utility pole concept. The tests were con
ducted by Hughes Brothers at their utility pole testing facility in Seward, 

Nebraska. A copy of the report prepared and submitted to the University by 

Hughes Brothers is presented in Appendix A. 

III-A.· Testing Apparatus 
A sketch of the testing apparatus is shown in Figure 8. The test pole 

was set 6 ft (1.8 m) in the ground and backfilled and tamped with soil from 

the test site. Three weights were hung from the crossarm to simulate the 

conductor loads. Ql' shown earlier in Figure 5. and, one weight, Q2' was hung 

from the pole to simulate the neutral conductor load. The weights used were 
shown in Table 4. The horizontal loads acting on a utility pole under ice and/ 

or wind loads were idealized by a single resultant load applied by a cable 
attached to the test pole at a height of 28 ft (8.5 m) above ground level. 
This height of load corresponds to the centroid of the lateral loads shown in 
Figure 5. The cable, in turn, was attached to a dead-load weight of 5,000 lb 

(2.270 kg) supported by a forklift. The loads in the cable were measured by 

a dynamometer. 

The testing setup shown in Figure 8 was used for conducting tests about 
both the weak and strong bending axes of the breakaway joint shown earlier in 
Figure 6. This setup is obviqusly not correct for testing about the weak axis 
because the direction of the applied load should be parallel to the conductors 
and therefore perpendicular to the crossarm. However, engineers from Hughes 

Brothers felt at the time that this setup would reduce as much as possible the 

percentage of the failure moment caused by the conductor weight eccentricities. 

These eccentricities are not as easily nor as accurately obtained as are dyno
meter readings. Therefore, it was felt that more accurate results would be 
obtained if the moment contributions due to the conductor eccentric loads were 
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held to a minimum. Due to large deflections of the test pole. it will be seen 
lat~r that this attempt to minimize eccentric loading effects was unsuccessful. 

III-B. Test Evaluation Procedure 
The testing evaluation procedure consisted of comparing the ultimate 

II res isting" moments from the full - scale tests with the ultimate "design" moments 
computed by use of design criteria specified by the ANSI Code (1). The equation 
used to compute the ultimate resisting moments from the tests was as follows: 

[:~J = PTLT + Qj (e j + e2 + e3) + Q2e4 

where 
H' = ultimate resisting moment about weak x-axis of lower breakaway x 

joint 

(16) 

H' = ultimate resisting moment about strong y-axis of lower breakaway y 
joint 

PT = appl ied load at failure of pole 

LT = moment arm from lower breakaway joint to the position of the 
applied load 

Q1 = weights to simulate three individual conductor loads on crossarm 

Q2 = weight to simulate neutral conductor load 

e i = eccentricities of individual conductor loads measured from 
centerline of lower breakaway joint at failure of pole (i = 1 to 4) 

OL : overload capacity factor 

III-C. Results of Test No.1 
Test No.1 was conducted to determine the ultimate resisting moment of 

the test pole about its weak bending axis (x-axis in Figure 6). Load-deflection 
curves at three points on the test pole are sho'tm in Figure 9, and photographs 
of the test pole under various applied loa ds are shown in Figure 10. In Figure 
9. it can be seen that the pole failed at a load of 550 lb (2.448 N) with a 
corresponding deflection at the top of the pole (point "A") of about 28 in. 
(71 em). 
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In Figure 10, it can be seen that the pole failed at the lower breakaway 

jo~t. Scaling the eccentricities of the conductor weights from the photo
graphs in Figure 10, the ultimate resisting moment was computed by use of 

Eq. 16 to be equal to: 
, 
~ ~ 18,050 lb-ft (24,494 Nm) 

III-D. Results of Test No.2 
Test No.2 was conducted to determine the ul timate resisting moment 

of the test pole about its strong bending axis (y-axis in Figure 6). Load
deflection curves at three points on the test pole are shown in Figure II, 

and photographs of the test pole under various applied loads are shown in 
Figure 12. In Figure 11 it can be seen that the pole failed at a load of 
1,800 lb (817 N) with a corresponding deflection at the top of the pole 
(point "A") of about 80 in. (2.0 m). The curves were extrapolated in 
Figure 11 because the large deflections of the pole extended beyond the 
rulers attached to the pole at points "A" and "8", and beyond the ruler at 
point nC" which had broken off. 

In Figure 12, it can be seen that the pole failed at the upper breakaway 
joint. Scaling the eccentricities of the conductor weights from the photo
graphs in Figure 12. the ultimate resisting moment was computed by use of 
Eq. 16 to be equal to: 

, 
My = 54,200 lb-ft (73,550 Nm) 

III-E. Comparison of Static Test Results 
A comparison of the ultimate moments computed from the full-scale static 

tests with the theoretical moments calculated by Eqs. 13, 14, and 15 are 
shown in Table 6. The comparison shows that: 

(a) the actual static test strength of the pole about its strong bending 
axis was 17% stronger than the design strength required by the ANSI 
Code .. and 

(b) the actual static test strength of the pole about its weak bending 
axis was 114% stronger than the design strength required to carry 
wind loads. 
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T)le repeatability of the two static tests results in Table 6 on new 

poles, and what effect pole weathering and aging will have on the strength -of poles are unanswered questions at this time. To answer such questions 

would require more indepth testing. However. the resul ts in Table 6 are very 

encouraging and show that the UNL breakaway concept is feasible. 

Table 6. Comparison of Ultimate Morrents 

Bending Axis Ultima te Ul timate 
of Resisting Design 

Lower Breakaway Moments Homentsc . 
Joint (lb-ft) (l b-ft) 

Weak x-axis 18,05Oa . 8,450 

Strong y-axis 54,200b. 46,840 

a. Static Test No.1 

b. Static Test No.2 

C. ANSI Code (ice and/or wind loading requirements) 

Metric Conversion Factors 

1 lb-ft = 1.36 Nm 

When conducting Static Test No.1 about the weak axis of the breakaway 
:..1 1 ... 

utility pole. it was observed that as the pole In-deflecting under load (see 

Figure 10) that the gap of the removed section on the compression side of the 

breakaway joint began to close shut. If the gap had been only as thick as a 

saw-blade as in the fu11-scale vehicle crash tests, then the resulting "trans

formed" section would cause the neutral axis (or plastic axis) to shift toward 

the new compression area. and as a result. the resisting moment capacity would 

greatly increase. Thus. Test No.1 is a very conservative indication of the 

strength of the modified pole in the weak (x-axis) direction. 
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IV. FULL-SCALE CRASH TESTS 

-
Three full-scale vehicle crash tests were conducted on new 40 ft (12.2 ~) 

Southern Yellow Pine utility poles in an attempt to repeat the test results 
of Test No. 2 in the previous study conducted by Post (2) on the UNL Break

away Util ity Pole Concept. The span lengths between the breakaway pole 

and the end support poles were 75 ft (22.9 m) and 100 ft (30.5 m), respectively. 

The poles had two top conductors (type 336.4 KCM, 18/1) mounted on a double 

crossarm and one bottom neutral conductor (type 2/0, 6/1) attached to the 

pole. A positive type connector between the conductors and insulators was 
used in Test No. 4-1 to guard against the pole breaking away from the con

ductors after impact. Details of ~he connection are discussed in a later 

section. The poles and conductors were installed by the Lincoln Electric 
System. 

IV-A. Description of Test Site 

The test site was located at the Lincoln Municipal Airport which is 

approximately 3-1/2 mi. (5.6 km) NW of the University and the central bus

iness district. The test site~ which was leased from the Lincoln Airport 

Authority, consi sts of an 01 d abandoned concrete roadway 1 oca ted between the 

ends of runways 14 and 17R as shown in Figure 13. The roadway was 20 ft 

(6.1 m) wide and 1,800 ft (594 m) long. A "Notice of Proposed Construction 

or Al teration ll was filed with the FAA because the height of the util ity poles 

exceeded the 100 to 1 imaginary surface. 

In order that the test poles be set in soil, a 3 x 3 ft (0.92 m) area 

of the concrete roadway slab was removed. The test pole was placed near 

the center of this area and ba~filled and tamped with soil and gravel. 

IV-B. Description of Full-Scale Vehicle Testing Apparatus 

A reverse vehicle towing apparatus with a mechanical advantage of 20 to 1 

was used to pull the crash test vehicles as shown in Figure 14. Because of 

the mechanical advantage, the distance travelled and the running speed of the 

test vehicles were twice those of the towing vehicle. A 1973 1/2-ton (908 kg) 
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Dodge pickup truck was used as the towing vehicle. The speedometer in the 
pic~up, which was marked at 1 mph (1.609 kmjh) intervals, was accurately 
calibrated and used to obtain the desired impact test speed. 

As shown in Figure 14, 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 15. The width between the two angles was adjustable at the 
slotted connections located at 20 ft (6.1 m) intervals so that the rail system 
can ac~omodate any size vehicle tire. The rail guidance system ended 20 ft 
(6.1 m) ;n advance of the breakaway utility pole so that test vehicles would be 
in a free-wheeling steer mode just before impact: 

A 1/4-in. (0.64 cm) diameter tow cable was 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 14, the tow cable passes around 
four pulleys (one pulley on tow vehicle) and was connected to a dead-end anchor. 
The trip-bar to release the tow cable was mounted hear the end of the rail 
guidance system. 

IV-C. Breakaway Joints 
The design of the breakaway joints to provide the "minimlJll" required 

section modulus to carry the heavy ice and wind loadings specified in the ANSI 
Code (1) was discussed earlier in the section, entitled "DESIGN CRITERIA". As 
shown in the photographic views in Figure 15, the lower and upper breakaway 
joints were made by drilling a row of five I-in. (2.5 ern) diameter holes. The 
spaces between the holes were then sawcut. The 4 x 4-in. (10.2 cm) 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 lower breakaway joint was made at approximately 2 in. (5.l cm) above 
the ground. whereas, the upper joint was made at 8 ft (2.4 m) above ground 
level. The location of the upper breakaway joint was determined from a dynamic 
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analysis conducted in a previous study by Post (2). In that study, the 

ut~ity pole was idealized as a cantilevered lumped mass system and the 

vehicle as a spring mass system. 

Retrofitting the util ity pole to breakaway under vehicle impact by the 
drilling of 1-in. (2.5 cm) diameter holes was demonstrated to be a very 
practical method. A single sawcut was made from hol e to hole with a key-hole 

saw. It required about 30 minutes to drill and sawcut both breakaway joints. 

IV-D. High-Speed Photographic Equipment and Setup 
Two high-speed cameras, described in Table 7, were used in this study. 

Both cameras were located perpendicular to the path of the test vehicle at 
a distance of 100 ft (30.5 m) from the test pole. The film was analyzed on 
a Vanguard Motion Analyzer, described in Table 7. 

Table 7. Photographic Equipment 

Equipment Description 

1. LoCam model 50-003 high speed Camera. Fil m rate is 
variable to 500 fm./sec. Actual film speed 

= 480 fm./sec. 

2. Eastman Kodak high speed Camera, type III. Fil m rate 

is variable to 3000 fm./sec. . Actual film speed 

= 900 fm./sec. 

3. Vanguard Motion Ana 1 yzer model C-IIP with MI6CP 
projection head. Frame rate is variable to 30 fm./sec. 

A model 534-C digitizer built at the University of 

Iowa to input data to a computer is also 1 inked up. 
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IV-F. Results of Full-Scale Crash Test No. 2-1 
, Test No. 2-1 was conducted with a compact automobile weighing 2,450 lbs 

(1,112 kg). The impact speed of the vehicle was 23.6 mph (38.0 km/hr). Graphs 

of the change in vehicle velocity and vehicle deceleration versus time are 

shown in Figures 16 and 17, respectively. Data points on these graphs were 

obtained by a high-speed film analysis using the Vanguard Motion Analyzer. 

The method of analysis and the displacement-time data measured from the high

speed film are presented in Appendix B. 

Close-up and far-away high-speed sequence photographs of Test No. 2.1 
are shown in Figures 18 and 19, respectively. At first glance, it would appear 

from these photographs that the test was unsuccessful because after knocking 
out the pole stub between the lower and upper breakaway joints (a) the vehicle 

was abruptly stopped over a relatively short distance, and (b) the double 

crossarm on the pole rotated to a vertical position and then penetrated through 

the roof and into the front passenger compartment area of the vehicle. A 

careful examination of the high-speed film on the Vanguard Motion Analyzer 

revealed, however, that these undesirable events would not have occurred if 

the pole after breaking away had not snagged on a sawcut ledge of a 3 x 3 ft. 

(0.9 x 0.9 m) concrete section that had been removed from the roadway. The 

docurrentation photographs in Figure 20 show the pole located in the center of 

the section of the roadway removed. Detailed sketches of the events leading 

up to the problem of pole snagging are illustrated in Figure 21. A brief 

discussion of each event in Figure 21 follows: 

Fig. 21a. Time of Event: 65 msec 

Longitudinal splitting above and below lower breakaway joint 

as pole rotates clockwise about conductors. Top breakaway 

joint rema ins intact. 

Fig. 21b. Time of Event: 80 msec 

Rotating portion of pole clear of pole stump in the ground. 

Longitudinally split fibers begin to tear in bending. 

Fig. 21c. Time of Event: 115 msec 

Upper portion of rotating pole breaks free from stump of pole. 

Pole drops and penetrates 2 in. (5 cm) into the ground. 
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Fig. 21d. Time of Event: 124 msec 

Rotating pole snags on sawcut concrete ledge of roadway. Stub 

portion of pole between lower and upper breakaway joints begins 

to pivot counterclockwise about concrete ledge. 

Fig. 21e. Time of Event: 230 msec 

Top breakaway joint fails. Rotating pole stub begins to trans

late forward, while portion of pole above upper breakaway 

joint continues to rotate clockwise about conductors. Vehicle 

forward motion stopped. 

In Fi gure 19, it can be seen tha t the rota t ing port i on of the pol e above 

the upper breakaway joint had separated from both the neutral and two cross

arm conductors just prior to the event. I + 1039 msec. shown in the sequence 

photographs. 

In addition to illustrating the snagging problem, the sketches in Figure 

21 illustrate the failure mechanism of the lower breakaway joint. Contrary 

to earlier predictions by Post (g). it is now clear that the joint will not 

fail in transverse shearing. Instead. failure of the joint occurred as a 

combination of longitudinal splitting around the heartwood of the pole and 

then a tearing of the longitudinally spl it fibers in bending at a distance 

of about 10 to 15 in. (25 to 38 cm) above and below the breakaway joint. 

This type of failure mechanism allows the pole time to rotate and gain suf

ficient momentum in order to tear the longitudinally split fibers in bending. 

Referring to Figure 16. it can be seen that the highest rate of change 

in vehicle velocity occurred while the lower breakaway joint was beginning 

to fail in the time interval range of 50 to 70 msec. The change in vehicle 

momentum over the time interval for a free missle to move 24 in. (61 cm) was 

computed to be 1,550 lb-s (6,900 Ns). It is to be noted that this change 

in vehicle momentum occurred far in advance of the time in which the pole 

snagged on the concrete ledge. 
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Referring to Figure 17. it can also be seen that the peak vehicle 

decelerations occurred while the lower breakaway joint was failing. The 

highest average vehicle deceleration over a time interval of 50 msec was 

computed to be 7.5 g's. 

Documentation photographs of the damage dane to the front-end, roof. 

and front passenger compartment area of the vehicle are shown in Figure 20 . 

National Safety Council Damage Scale Ratings (I) and estimated repair costs 

are shown in Table 8. A breakdown of the vehicle damage costs in terms of 

parts and labor is presented ;n Appendix O. 

Table 8. Vehicle Damage Report for Test No. 2-1 

Vehicle Area TAD Estimated 
Damaged Damage Rating Repa ; r Cos ts 

NSC (7) ($) 

Front-End FC-3 798 

Roof Not Defined 1,492 

Total 2,290 

IV-E-1. Comparison of Crash Test 2-1 and Test 2 

As discussed earlier, full-scale Test No. 2-1 was run as a repeat of 
Test No. 2 conducted in previous study by Past (g) because Test No. 2 showed 

much promise as a breakaway concept. Test results and documentation photo

graphs of Test No. 2 were shawn in Table 1 and Figure 4, respectively. 

A comparison of the results from Test No. 2-1 and Test. No.2 are shawn 

in Figure 17 and Table 9. In Figure 17. it can be seen that the two vehicle 

deceleration graphs were similar and that the "peak" decelerations in both 

tests were of about the same magnitude and occurred at about the same time 

while the lower breakaway j oint was fail ing. In Table 9, it can be seen that 
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Table 9. Comparison of Results From Test No. 2-1 and Te st No.2 

Vehicle Average Average Vehicle 
Vehicle Impact Change in Front-End 

Test. Weight Speed Vehicle 
Vehicle d 

Deceleration' Crushing 
No. Momentumc . Distance 

(1 b) (mph) (1 b- s) (g's ) (in) 
, 

t· 2,450 21.4 1.460 7.4 13 

2- \b. 2,450 23.6 2,550 7.5 14 

a. lower breakaway joint 6 in. (15.2 em) above ground 
b. lower breakaway joint 2 in. (5.1 em) above ground 
e. Time interval for free missile to move 24 in. (61 em) 
d. Highest average over 50 msec 

Metric Conversion Factors 

1 in. = 2.54 em 
1 mph = 1.609 km/h 

1 lb-s = 4.45 Ns 

the average deceleration and momentum change of the vehicle in Test No. 2-1 

were slightly higher than in Test No.2. A reason for the higher values in 

Test No. 2-1 was because the impact speed was 2 mph (3.2 km/h) higher. 

In both tests, the vehicle decelerations and momentum changes were 

critical during failure of the lower breakaway joint. As illustrated in 

Figure 21, failure of the lower breakaway occurred far in advance of the time 

in which snagging occurred in Test No. 2-1. From a careful review of the 

high-speed film on the Vanguard Motion Analyzer, it can be concluded that the 

uoverall" perfonnance of the breakaway utility pole in Test 2-1 would have 

been the same as that in Test No.2 (see Figure 4) if the snagging had not 

occurred. Several apparent reasons for the pole snagging in Test No. 2-1 and 

not snagging in Test No.2 were becau se (a) the height above the ground of the 
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lower breakaway joint in Test No. 2-1 was about 4 in. (lO em) lower than 
the height of the joint in Test No.2. or (b) the soil around the pole in 
Test No. 2-1 was not compacted as well as in Test No.2, thereby. allowing 
the pole to penetrate deeper into the soil. or (c) a combination of these 
two effects. The height of the lower breakaway joint in Test No. 2-1 was 
made lower to minimize any chances of snagging on the undercarriage of the 

vehicl e. 

IV-F. Results of Full-Scale Crash Test No. 2-2 
. Test No. 2-2 was conducted under similar conditions as Test No. 2-1 

with the exception of a change in one important design element. After con-
t.~nff'<S..a: 

sultations with the FHWA proj9,t manager. the decision was made to cast a / 
concrete collar around the test pole. The concrete collar. which is visible 
in the documentation photographs shown in Figure 25, was about 2 ft. (0.6 m) 
square and 6 in. (15 em) deep. The concrete collar was used in an attempt 
to (a) eliminate the pole snagging problem encountered in Test 2-1, and 
(b) eliminate possible future problems of large displacements of breakaway 
poles in saturated soil by reducing the soil bearing pressures. In an earl ier 
study conducted by Post (~)t it can be seen in Table 1 that large pole dis
placements in saturated soil prevented the breakaway pole concept from working. 

Test No. 2-2 was conducted with a compact automobile weighing 2,450 lbs 
(1,112 kg). The impact speed of the vehicle was 22.8 mph (36.7 .km/h). Graphs 
of the change in vehicle velocity and vehicle deceleration versus time are 
shown in Figures 22 and 23. respectively. Data points on these graphs were 
obtained by a high-speed film analysis using the Vanguard Motion Analyzer 
(see Appendix B). 

The change in vehicle momentum over the time interval for a free missile 
to move 24 in. (61 em) was computed to be 1,940 lb-s (8,635 Ns). Referring 
to the graph in Figure 23. the average vehicle deceleration was computed 
to be 10.3 g's. 

The unfavorable results in Test 2-2 can be attributed to the concrete 
collar cast around the pole. As can be seen in the documentation photographs 
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of Figure 25, the lower breakaway joint only partially failed, while the 
top joint remained intact. The pole split longitudinally above the lower 
joint, but it was prevented from splitting longitudinally below the joint 
because of the concrete collar. This "binding" resistance of the collar did 
not allow sufficient time for the rotating pole to gain enough momentum to 

fail the longitudinally split fibers in bending above and below the lower 
joint as illustrated by the sketches in Figure 21. 

Sequence photographs of the high-speed film are shown in Figure 24. After 
impact, the lower breakaway joint translated approximately 10 in. (25 cm) as 
the pole rotated about the conductors. This joint translation can be seen in 
the sequence photographs between I + 44 msec to I + 105 msec. The reference 
1 ines on the backboard are spaced 24 in. (61.0 cm) on centers. The concrete 
co11ar in this test moved only about 1/4 in. (6 rrun), whereas, in Test No. 2-1 
the pole without a collar moved about 1 in. (2.5 cm) in the soil. 

In Figure 24, it can also be seen that prior to any significant rotation 
of the pole that the front-end of the vehicle had crushed about 16 in. (41 cm). 
After partial failure of lower breakaway joint the vehicle was rebounded back
ward about 8 ft. (2.4 m). The final resting position of the vehicle is shown 
in Figure 25. The vehicle damage was rated as a FC-3 in the National Safety 
Council TAD Scale (Z), and the estimated damage repair cost was $1,271. A 
breakdown of the vehicle damage costs in terms of parts and labor is presented 
in Appendix D. 

IV-G. Results of Full-Scale Crash Test No. 4-1 
Except for the following modifications. Test No. 4-1 was set up to be 

run under the same conditions as Test Nos. 2-1 and 2-2. 
(a) Test No.4 was to be evaluated in accordance with the new proposed 

criteria in NCHRP 230 (~) as well as the existing criteria in 
TRB 191 (~). 

(b) A tri-axial accelerometer unit was mounted on the vehicle center-of
gravity in Test No. 4-1. (An indepth discussion on the electronic 
instrumentation and the data reduction analysis technique is pre
sented in Appendix C.) 

49 



IMPACT 1+ 42 msec 

1+44 msec 1+73msec 

1+105 msec 1+291 msec 

FIGURE 24. SEQUENCE PHOTOGRAPHS OF TEST 2·2. 

50 

- , 
• 



(.) fci 
~--.... ' II "l! ,Wii!::;] l 4 , 

= :-. ~- ""''''''''- .,.' 
(d ) 

(e) (f) (g) 

FIGURE 25. DOCUMENTATiON PHOTOGRAPHS OF TEST 2·2 
5: 



(c) A positive non-standard insulator-conductor connection \"/as used in 
Test No. 4-1 to prevent the breakaway pole from falling down. 

Before discussing the results of Test No.4-I. a brief discussion on the 

insulator-conductor connection will be presented. 

A non-standard conductor-insulator connection was used on the double 
crossarms for Test No.4-I. The components that make up the connection are 
shown in Figure 26~ As illustrated. the post top clamp is bolted to the top 
of the post insulator and the conductor is then clamped in the device. This 
design results in a positive type connection wherein the conductor will not 
separate from the insulator nor from the crossarms. The positive type con
nection was also used so that a more thorough analysis could be made of the 
breakaway joint behavior during the crash test. 

Test No. 4-1 was conducted with a 1974 Chevrolet Vega weighing 2,450 lb 
(1,110 kg). The impact speed of the vehicle "as 26 mph (42 km/h). Due to 
an error in reading the speedometer in the tow vehicle. the impact speed 
turned out to be 6 mph (10 km/h) higher than the planned speed of 20 mph. 

Documentary photographs of Test No. 4-1 are shown in Figure 27. As can 
be seen, only the lower breakaway joint of the utility pole failed. The 
vehicle travelled 46 ft. {13.7 m} past the original position of the pole and 
stopped in a thin sand arrestor bed. The roof of the vehicle sustained minor 
damage as the pole dragged over the vehicle. The severity of front-end 
vehicle damage was rated as FC-3 in accordance with the National Safety Council 
TAD Scale (2). The effectiveness of the non-standard insulator-conductor 
connection in preventing the breakaway portion of the pole from falling is 
evident in Figure 27. None of the conductors were damaged in the test. 

Close-up and wide-angle high speed sequence photographs of Test No. 4-1 
are shown in Figures 28 and 29, respectively. Referring to Figure 28. it can 
be seen that the maximum flexure of the upper breakaway joint occurred at about 
100 msec after impact. It is predicted that the upper breakaway joint would 
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have failed at an impact speed of about 30 mph (48 mg/h). The wide-angle 
sequence photographs show the entire interaction of the vehicle and breaka~/ay 

pole. 

Using the criteria in TRB 191. the momentum change was computed to be 

1,475 lb-s (6.565 Ns) over the time duration for a free missile to travel 24 in. 

(61 em). The momentum change was greater than the 1.100 lb-s (4.890 Ns) criteria 
for sign and lumina ire supports in TRS 191. On the other hand, the test can be 

considered to be acceptable by the ~RP 230 criteria as the computed occupant/ / 

dash impact velocity of 19.3 fps (5.9 m/s) and the occupant ridedown acceler-
ation of 1.6 9 are well below the acceptable design limit values for 30 fps 

(9.2 m/s) and 15 g. respectively. 

IV-G-l. Comparison of Test No. 4-1 and Test No.2 
As discussed earlier, full-scale Test Nos. 2-1. 2-2. and 4-1 were run as 

a repeat of Test No. 2 conducted in previous study by Post (~) because Test 

No.2 showed much promise as a breakaway concept. Test results and documenta
tion photographs of Test No.2 were shown in Table 1 and Figure 4, respectively. 
Because the test results of Test Nos. 2-1 and 2-2 were considered inconclusive 

for reasons explained earlier, it was considered necessary to conduct Test No. 4-1. 

A comparison of the results from Test No. 4-1 and Test No.2 are shown 
in Table 10. The only apparent difference between the two tests is that the 
vehicle in Test No. 4-1 travelled a greater distance beyond the point of 
impact because if its higher speed of impact. This difference in travel dis

tance could be misleading because in Test No. 2 there appeared to be some 
vehicle undercarriage snagging on the 6 in. (15 cm) stub portion of the lower 
breakaway joint above the roadway surface. 

Both tests can be considered as a IIfailure" in regard to the criteria of 
TRB 191 because the changes in vehicle momentum were greater than 1.100 lb-s 
(4,900 Ns). On the other hand, both tests can be considered as "acceptable" 

in regard to the new proposed criteria of NCHRP 230 because the occupant/dash 
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Table 10. Comparison of Resul ts From Test No. 4-1 and Test No.2 

Vehicle Vehicle TRB 191 NCHRP 230 
Tra vel 

Test Vehicle Impact Beyond Momentum Occupant/Dash Occupant 
No. Weight Speed Impact Change Impac t 

Point Velocity 
I (1 b) (mph) (ft) (lb-s) (fps) 

;to 2,450 21.4 12 1,460 20.3 

4_1b. 2,450 26.0 46 1,475 19.3 

a. Lower breakaway joint 6 in. (15 cm) above ground 

b. Lower breakaway joint 2 in. (5 cm) above ground 

Metric Conversion Factors 

1 in. = 2.54 cm 

1 ft. = 0.305 m 
1 lb. = 0.454 kg 

1 mph = 1.609 km/h 

1 lb-s = 4.45 Ns 

1 fps = 0.305 m/s 

Ridedown 
Acceleration 

(g) 

2.0 

1.6 

impact speeds and the occupant ridedown accelerations were below the design 

1 imits of 30 fps (9 m/s) and 15 g, respectively. It is important to point out 

that the TRS criteria was developed for breakaway and yielding sign and lumina ire 

type supports. 
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V. SUMMARY AND CONCLUSIONS 

The UNL breakaway wooden utility pole stub concept proposed and full-scale 

vehicle crash tested by Post (1) showed that (a) the concept offered much pro
mise in reducing the severity of utility pole accidents. and (b) the concept 
appeared to be a very cost-effective improvement a1 ternative. 

This study, which consisted of conducting two full-scale static bending 

strength tests and three full-scale vehicle crash tests on "new ll 40 ft. {12.2 m) 

C.lass 4 Southern Yellow Pine utility poles, was a continuation study of the 

earlier study conducted by Post (2). Summary and conclusions pertinent to the 
two types of full-scale tests conducted in this study follows. 

V-A. Full-Scale Static Tests 
The objective of conducting the two full-scale static tests was to compare 

the "ultimate resisting" moments from the fu11-sca1e tests with the "ultimate 

computed design" moments. The findings of this study showed that; 
(a) the full-scale static test strength of the pole about the strong 

bending axis of the lower breakaway joint was 17% stronger than 
the design strength required by the ANSI Code (1) to carry the 
lateral heavy ice + wind loading conditions in the midwestern states 
using an overload capacity factor of four. 

(b) the full-scale static test strength of the pole about the weak 
bending axis of the lower breakaway joint was 114% stronger than 
the design strength required to carry the longitudinal ~~ ~ 
wind loading conditions acting on the prOjected area of the pole alone. 

However~ based upon comments offered by Findlay (2) of the Lincoln Electric 
System (lES) and the results of a single full-scale static test in the longi
tudinal direction~ it is apparent that the breakaway pole may not be structurally 

adequate to carry the longitudinal loading due to unbalanced ice loads on 
adjacent connector spans. Unbalanced longitudinal loading conditions are 

specified in Section 252.C.4 of the ANSI Code (1). The comments of LES are 
presented in Appendix E. In Section 252.C.4, the Code states: 
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"Where longitudinal loads can be created by the difference in tensions 
in the wires in adjacent spans caused by unequal vertical loading or 
unequal spans, the structures should be capable of supporting this un
balanced longitudinal l oading. II 

As lES points out, unequal vertical loading could occur when one span 
sheds its ice load while the adjacent spans are still ice loaded. Also, unequal 
span loading could occur when a breaka\-iay pole is struck by a vehicle. The 
examples of lES indicate that these unbalanced longitudinal loading conditions 
are of such magnitude as to fail the breakaway pole. 

. " 1 1 It is lmp.;:.etant to point out that on y two exp oratory static tests were 
conducted on "new l1 poles. No attempt ~as made to study 
strength with age and change in moisture content. This 
to the attention of the researchers by lES, whereby. it 

the decrease in pole 
issue was also brought 
was pOintiout that a 

wood member under the continuous action of bending stress for 10 years will 
carry only about 60% of the load attained by the same specimen loaded in a 
standard bending strength test of a few minutes duration. The effects of age 
and change in moisture content will certainly need to be investigated in future 

research. 

In conclusion, the results of the full-scale static test conducted about 
the strong axis of the breakaway joint (perpendicular to the wires) showed that 

/ 

/ 

the breakaway design was structurally adequate to carry the heavy ice lateral 
loading conditions specified by the National Electric Safety Code (ANSI) for the 
midwestern state of Nebraska. However, the results of the static test conducted 
about the weak axis of the breakaway joint (longitudi nall y to the wires) to 
simulate the unbalanced loadtng conditions specified in ANSI were inconclusive 
because the spaces between the drilled holes of the breakaway joint were uninten
tionally chiselled-out (slotted) and not sawcut to the width of a keyhole saw-blade 
as was planned and done in conducting the full-scale vehicle crash tests. If 
the spaces between the drilled holes had been sawcut, then the transfo~d section 
modulus in bending due to compression as the sawcut closed undef load would have /' 
resulted in a greatly increased section bending modulus and longitudinal load 
carrying capacity. 
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V-B. Full-Scale Crash Tests 

A surrrnary of the three full-scale vehicle crash test resul ts con

ducted in this FHWA study along with the results from the three tests 

conducted earlier by Post tg) is presented in Table 11. All of the ve

hicle tests were headon center type impacts. 

The TRB 191 (~J evaluation criteria specifies that an unacceptabl e 

test is one in which the vehicle change in momentum is greater than 1,100 

lb-s (4,900Ns); whereas, the NCHRP 230 (~) proposed evaluation criteria 
specifies that an unacceptable test is one in which the occupant/dash 

impact velocity and the occupant ridedown acceleration are greater than 

30 fps (9.2 m/s) and 15 g, respectively. It is important to point out 
that the TRB criteria may not provide a good measure of performance for 

breakaway 

breakaway 

supports. 

utility poles because the criteria was designed for less massive 
L 

and yiel ding roadside sign type supports and .p'umina ire type 

The results of Test Nos. 3,2-1, and 2-2 in Table 11 were considered 

to be inconclusive. In Test No.3, the soil backfall material was saturated, 

and as a result, the displacement of the pole in the soil absorbed a large 

portion of the vehicle's kinetic energy and thereby prevented the breakaway 

joints from actuating. In Test No. 2-1, the test started out to be a good 

test but the rotating pole accidential1y snagged on a sawcut concrete 

ledge, and as a result, the pole upon pivoting about the ledge failed the 

upper breakaway joint and rapidly decelerated the vehicle over a distance 

of about 3 ft (0.9m). In Test No. 2-2, a concrete collar was cast around 

the base of the pole to prevent the breakaway pole from snagging on the 

sawcut concrete ledge. The collar in turn prevented the fibers of the pole 

below the breakaway joint from stretching a sufficient distance to fail 

in tension. 

The resul ts of Test No.1 are within the criteria of both TRB 191 and 

NCHRP 230. It is to be noted the test conditions in Test No. 1 were dif

ferent than all the other test ~ in that, the test was run with a heavier 

4,600 lb (2,090 kg) vehicle at a higher impact speed of 31 mph (50 km/h). 
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CONDITIONS !:itUdy oy Post 

Test Test Test 
No.1 No: 2 No.3 . 

Vehicle Weight (lb) 4,600 2,450 2,450 
Vehicle Impact Speed (mph) 31 21 21 
Vehicle Travel Beyond Impact (ft)a 50b 12c 2 
Vehicl e Damage ... NSC Rating Scale FC-2 FC-3 FC-3 

Pole Bockfi 11 Condition Dry Dry Wet 
lower Breakaway Joint Fail Ves Ves No 
Upper Breakaway Joint Fail Ves No No 
Breakaway Pole Fall Ves No No 

TRB 191 Criteria 
Vehicle Momentum Change (lb-s) l,100(P) l,450(F) 2,300(F) 

NCHRP 230 Proposed Criteria 
Occupant/Dash Impact Ve1ocity(fps) 10(P) 20(P) 27(P) 
Occupant Ridedown Acceleration (g) 2(P) 2(P) 4(P) 

Breakaway Pole Performance Evaluation f Promising Prom; s ;ng Incancl usive 

a. Includes vehicle crushing 
b. Vehicle stopped by fixed barrier 

Slight vehicle undercarriage dragging on 6 in. (15 cm) stub c. 
d. Positive non-standard insulator-conductor connection used 
f. Researchers Opinion 

Breakaway pol e snagged accidential1y on sawcut concrete ledge g. 
P=Pass U = Unacceptable 

~HWA Study 

Testg Test Test 
No.2-1 No. 2-2 No.4-1 

2,450 2,450 2,450 
24 23 26 
3 2 45 

FC-3 FC-3 FC-3 

Dry Conc.Co11ar Dry 
Ves Partially Ves 
No No No 
Ves No Nod 

l,550(F) l,950(F) l,450(F) 

25(P) 32 (U) 1 9 (P) 
3 (P) 6(P) 2(P) 

Inconclusive Inconclusive Promi~ing 

Metric Conversion Factors 
1 1b = 0.454 kg 
1 ft = 0.305 m 
1 fps = 0.305 m/s 
1 mph = 1.609 km/h 
1 1b-s = 4.45 Ns 



In this test, both breakaway joints ac!uated thereby allowing the stub 
portion of the pole between the joints to release. The stub slightly 
cracked the windshield. The breakaway pole separated from the conductors 
and landed on top of the vehicle. It was evident from the high-speed 
film that the pole would not have landed on top of the vehicle if the 
vehicle had not been stopped by a fixed barrier located 50 ft downstream 
of the point of impact. 

Test No.2 was conducted with a 2,400 lb (10,680 N) vehicle at an im-

pact speed of 21 mph (34 km/h). The results of the test were unacceptable 

by the TRS 191 criteria, but acceptable by the new proposed NCHRP 230 cri
teria. In any event, the test results are very promising because the vehicle 
was decelerated over a long distance of 12 ft (3.7 m). The performance of 
the breakaway pole in this test is, in essence. comparable to the performance 
of a sand inertia crash cushion. It is conceivable that the vehicle would 
have travelled even a greater distance if dragging on the undercarriage of 
the vehicle on the 6 in. (15 em) high stub had not occurred. 

Test No. 4-1 was conducted with a 2,450 lb (1,110 kg) vehicle at an 

impact speed of 26 mph (41 km/h). Due to an error in reading the speed
ometer in the tow vehicle, the impact speed was 6 mph (10 km/h) higher 
than planned. As in Test No.2, the results of Test No. 4-1 were unaccept
able by the TR8 191 criteria but acceptable by the NCHRP 230 criteria. The 

vehicle in this test travelled further than in Test No.2 because of the 
higher impact speed and because there was no evidence of vehicle under
carriage dragging on the lower 2 in. (5 cm) stub. Other than distance 
travelled after impact, the results of Test No. 4-1 compare reasonably 
well with the results of Test No.2. 

In conclusion, the full-scale vehicle crash tests showed that the break
away stub design concept is promising and effective in reducing the impact 
severity of a (a) 2,450 lb (1, 110 kg) vehicle call ision at speeds of 

21 mph (34 km/h) and 26 mph (42 km/h), and (b) 4,600 lb (2,090 kg) vehicle 

call isian at 31 mph (50 km/h). -Jt '"ill, however, be neee!!aIY to meelify' 
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APPENDIX A. 

FULL-SCALE STATIC TESTS 
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HIiGHEs 
BROTlHllElRS 

P. O. BOX 159 • 210 NORTH 13TH STREET. SEWARD. NEBRASKA 68434 • PHONE (402) 643·2991 

UNIVERSITY OF NEBRASKA - L1NCOll< 

SINGLE POLE Tk~GENT STRUCTURE 

(BORED FOR SAFETY) 

TESTS 

SEI'lARD . NEBRASKA 

~1AY, 1980 

Manufacturer 01 Trarumission and DisTribution Marerial for lh~ Electric Utility Induslry since 1921. 
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HUGHEs 
BROTHERS 

P. O. BOX 159 • 210 NORTH 13TH STREET . SEWARD, NEBRASKA 68434 • PHONE (4021643-2991 

TEST NO.1 

Location 

Top . .. 
Crossarm 
Resultant 
Top Slot 
Bottom Slot 

TEST ~O. 2 

Location 

Top ... 
Crossarm 
Resultant 
Top Slot 
Bottom Slot 

UNlVERSITI OF ;.;rEBRASKA - LINCOLN 

SINGLE POLE T~~GEST STRUCTURE 

(BORED FOR SAFETI) 

TESTS 

SEWARD, NEBRASKA 

HAY. 1980 

POLE CIRCUHF[RENCES 

Cil-e. (inches) 

25 
25-1/4 
27 
31 
33-1/2 

ei,e. (inches) 

22 
22-1/4 
26 
33 

" 

Manufacturer o{ Transmission. and Dimiblltiofl Material for the EJeclric Utility Industry since 1921. 
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APPENDIX B. 

HIGH-SPEED FILM ANALYSIS 
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Analysis of the high-speed film was perfonned in largely 1:\010 major steps. 

The first of which involved measuring the displacements of the vehicle relative 

to a fixed vertical or horizontal line on the backboard. The grid lines on the 

backboard were spaced 24 in. (70 cm) on centers. In one case, both horizontal 

and vertical displacement readings were recorded; however, due to the nature 

of the vehicle's movement which involved strictly lateral translations, the 
vertical measurements were not utilized. These measurements required the use 

of a Vanguard Motion Analyzer which allows manual measurements to 0.001 in. 

(0.025 mm) of image size on each individual frame. Using proper scaling fac
tors the measurements can be converted into displacements. 

The second step of analysis vias to use these displacements to arrive at 

the vehicle decelerations. The "differencing" method of analysis was chosen 
due to the ease of data reduction. By means of a 100 Hz timing light exposure 

on the film the time covered by each frame was determined to be 0.00123 seconds. 

Using this information, the velocity curve was defined by determining the 
vehicle displacement over a 4-frame period (0.00492 sec). These individual 
velocity points were then adjusted to fit a curve . Further differencing 

allowed a means to arrive at adjusted decelerations for use in determining the 
severi ty of impact. 

An example of data measured and recorded from the high-speed film is 

shown for Test No. 2-1 in the pages to follow. 
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VEHICLE INSTRUHENTATlON 
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In addition to high-speed cinematography. electronic instrumentation 

was used to obtain acceleration data for Test No.4-I. Three piezoresistive 
accelerometers mounted in a triaxial configuration at the vehicle center-of

gravity were used to measure the vehicle accelerations along the three major 

axes of translation. A 1000 ft. (305 m) umbilical cable was utilized to con
nect the accelerometers to off-board signal conditoning equipment. Data 

was recorded in unfiltered analog format on an intermediate band magnetic 

tape recorder using FM boards. 

The accelerometers used were ENDEVCO model 2264-200 piezoresistive 
accelerometers. The accelerometers, supplied in a half-bridge configuration. 

had a range of ±200 gis, and a frequency response of DC -1200 Hz. Damping 

was less than 0.01 of critical. Two opposed constant current sources were 
used for excition. A Beldon multi-conductor cable with individually shielded 

twisted wire pairs was used as an umbilical cable. Signal conditioning and 
amplification was provided by Pacific Precision model BOA signal conditoners 

and Pacific Precision model 60A differential amplifiers. These were laboratory 
type units providing filtered and unfiltered outputs with a frequency response 
of DC to ±100 kHz. Data was recorded in analog form on a Sangamo 3500 series 
magnetic tape recorder operating at 60 ips (152 cmjs) yielding a frequency 
response of DC-40 kHz. 

The acceleration data was filtered to SAE J211b channel class 60 (100 Hz. 
-3dB point) requirements and digitized using a Nicolet model 2090-3 digital 
oscilloscope. A 12-bit word and 5000 Hz sampling rate was used. A X-V 

plotter under control of the Nicolet was used to plot the data at a compatable 

"~. 

Once the acceleration data was digitized, it was plotted to TRS 191 

standards. The longitudinal accelerometer trace ;s presented in Appendix C. 

A computer program was used to read the accelerations at 1 millisecond inter
vals and integrate the function twice to obtain velocity and displacement 
histories of the event. In addition, the program calculated the required time 
for a 24 inch longitudinal relative displacement of the occupant to occur . At 
that time the velocity change of the vehicle and its subsequent ridedown acceler

ations (10 msec. moving average) were output from the program. 
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Test No. 2- 1 

(SEC) 
~=~=-VEH.LCLEC7C==-C_~_-'=:- ____ OCC.URANT ___ ,-_____ OC.CUP.ANT ____ _ 
ACCELERATION (G"S) VEt.OC I TY (FT/SEC) DISPLACE ,"'IENT (IN) 

AX AY vx VY ox DY 
~--------------------------

. 0 0 . 0 1 .0 0 . 0 0 . 0 0.0 0.0 
,001 _______ 0 •. 0__ L o_C, 0 0 .0 _______ 0 • . °_ 0 0_0__ 0 .• 0 __ _ 
,002 0 . 0 1 . 0 0.0 0 . 1 0.0 0 . 0 
,003 0 . 0 1.0 0 . 0 0.1 0.0 0 . 0 
,004 0.0 1 . 0 0 . 0 0 . 1 0 . 0 0 . 0 
, 005 ________ .0 • . 0 L • . O 0 .... . 0 0 .• 2 .__ 0 .•. 0 0 . 0'-__ 
,006 0 . 2 1. 0 0 . 0 0 . 2 0.0 0.0 
, 007 0.6 1 . 0 0.1 0 . 2 c . e o.J 
.o oe 1 . 0 1 . 0 0 . 2 0.3 0 . 0 0 . 0 
,009 . ___ . __ 1 .5 __ 1-0.0 _______ 0 .• 4 0 . • 3 . _______ C.o.0 ______ o .•. 0 __ _ 
, 0 1 0 2 . 3 1 . 0 0 . 6 0.3 C . O 0 . 0 
.0 11 3 . 0 1 . 0 0.9 0.4 0 . 0 0.0 
.012 3.A 1.0 1 . 1 0 . 4 0 . 0 0 . 0 
013 4 . 6 1 . 0 ._ 1 . 3 _ __ 0 . 4 0 . 0 __ .. 0.0 

,014 S.J 1 . 0 1 . 6 C . S C . l 0.0 
015 6 . 1 1. 0 1. 8 0 . 5 D.l 0 . 0 

,a If; 6 . 6 1 . 0 2 .1 0 . 5 0.1 0.0 
017 __ 6 . 9 __ _____ J _o O _______ . __ .2 . 3 ________ .0 . 5 ___ ___ 0 . 1 __ . __ ~ . . __ 0 . 1 _ 

, 018 6 . 9 1 . 0 2 .4 0 . 6 0.2 0 . 1 
,019 6 .7 1 . 0 2 . 6 0.6 0.2 0 . 1 
020 6 . 3 1 . 0 2 . 7 0 . 6 0.2 0. 1 

,02 1 ~~5 . 9 . _____ 1 • . 0 ______ 2 _.e 0 __ 7___ 0 . 3 .0.1 __ _ 
022 5 . 5 1.0 2.9 0 . 7 C. 3 0.1 
023 5 . 3 1 . 0 3 . 1 0 . 7 0.3 0.1 

,024 S . O 1 . 0 3 . 2 0 . 8 0 . 4 0 . 1 
,02 5~ ______ 4_ • . B _1. • .0 ...3 __ 4 .........D . B _ .. ___ c ___ 4 _____ 0 --1 __ _ 
, 026 4 . 7 1 . 0 3.6 0 . 8 0.4 0.1 
,027 4 . 7 1 . 0 3 . 8 0 . 9 C.S 0 .1 
. 028 4 . 7 1 .0 4. 0 0 . 9 0 . 5 0 . 2 
. 029 . ______ .. 4 • . 8 1. __ 0_ !t • . 1 .0.9 _0 .. 6 ____ .~0_ .. 2~_~ 
030 5.0 1. 0 4. 3 1.0 0 . 6 0 . 2 
031 5 . 3 1. 0 4 . 5 1 . 0 0 . 7 0 . 2 

. 03? 5 . 6 1. 0 4 . 7 1 . 0 0. 7 0.2 
033 _ . __ 6 . 0 _. _ _ .L • . O ____ . 5.0. ______ 1.1. __ __ ___ 0 . 8 . __ ~ ____ .0 . 2 ___ ~ 

. 034 6 . 5 1. 0 5 . 3 1 .1 0.9 0 . 2 
035 6 . 9 1.0 5 . 6 1. 1 C . 9 0 . 2 
036 7 .1 1 . 0 5.8 1 . 2 1 . 0 0 . 3 

,037 ______ 7 • .2 _ 1_ . _0 6 . 1 1. 2 1 .• 1 0 .• 3 __ _ 
C38 7 . 2 1 . 0 6 . 3 1.2 1 . 1 0 . 3 

. 039 7 . 1 1 . 0 6. 4 1 .3 1 . 2 0 . 3 

.040 7 . 1 1.0 6 . 6 1 . 3 1. 3 c . ) 
041 ____ .. ___ 6 . 8 . ____ . __ 1 . 0 __ _____ 6 . 7 . _____ 1. . 3. ___ . __ ... 1.4 .. _____ o. 3 __ ~ 
042 6 . 5 1. 0 6 . B 1.4 1.5 0 . 3 
043 6 . 0 1 . 0 7 . 0 1 . 4 1.S 0 . 4 
044 5 . 4 1 . 0 7 . 1 1 . 4 1.6 0.4 
,04~ 4 . 9 __ 1 . 0 7 . 2 1 . 4 1 . 7 0 . 4 
C46 l;, . 7 1 . 0 7.4 l . ~ 1.3 0 . 4 
047 4 . 8 1.0 7 . 6 1.S 1 . 9 0 . 4 
048 s . o 1.0 7 . 8 1.5 7. . 0 0.4 
049 5 . 4 1 . :) 8 . 1 1.6 ;;::01 o.s 
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· 0 50 5 . S 1 . 0 8 . 4 1 . 6 Z.2 0 . 5 
. 051 6 . 3 1.0 8.7 1 . 6 2 . 3 C . 5 
. 052 fl . 7 1. 0 8 . 9 1 .. 7 2 . 4 0 . 5 
. 053 7.1 1 . 0 9 . 2 1 . 7 2 . 5 0 . 5 
. 054 7 . 4 1 . 0 9 . 4 1. 7 2 . 6 0.6 
. 055 ______ 7 • . 6 _.. _--1. 0 u __ . _ _ .-9 . -1. ___ _ _ _ 1 . 8 ___ __ .. _ .. -2.7 . ___ ___ 0 . 6 
. 056 7 . 6 1 . 0 9 . 9 1 . 8 2 . 8 0 . 6 
. 057 7 . 5 1.0 1 0 . 0 1 . 8 .3 . 0 0 . 6 
. 058 7 . 1 1 . 0 1 0 . 2 1 . 9 3 . 1 0 . 6 
• 059 __ ____ 6 • . 5 __ ._ 1. 0 __ _ __ 10.3 1 . 9 __ ____ ._ ~.2 _____ 0 . 7 __ _ 
. 060 6 . 3 1 . 0 10 . 4 1 . 9 3 . 3 0 . 7 
. 061 6 . 4 1 . 0 1 0 . 7 2 . 0 3 . 5 0 . 7 
. 062 6 . 9 1. 0 1 1. 1 2 . 0 3 . 6 0 . 7 
_. 063 7. . J. ____ 1. .. . 0 1.1 ..... . 5 2 . 0 3 •. 7 _____ 0 . 8 _ _ 
. 064 8 . a 1. 0 1 2 . 1 2 .1 3 . 9 0.8 
. 065 9 .7 1 . 0 1 2 . 6 2 . 1 4 . 0 o . e 
. 066 1 0 . 4 1. 0 13 . 1 2 . 1 4.2 0 . 8 

.•. 067 . 1.0 • . 8 1. •. 0 -1.3 .•• 4__ 2 . 2 . __ ___ 4 . 3 . _ _ __ 0 . 9 __ _ 
. 068 1 1. 0 1. 0 13 . 7 2 . 2 4 . 5 0 . 9 
. 069 11 . 0 1 . 0 13 . 8 2 . 2 4 . 7 0 . 9 

!.070 10.7 1. 0 13 . 9 2 . 3 4 . 8 0 . 9 
. •. OLI -.l 0.0. 0 1.. •. 0 ____ 1.4 .•. 0 ____ . __ 2 . 3 __ _ ____ 5 . 0 _ _____ 1. • . 0 __ 
' . 072 9 . 0 1. 0 1 4 .1 2 . 3 5 . 2 1. 0 
' .073 7 . 6 1.0 1 4 . 2 2 . 3 5 . 3 1 . 0 
.074 5 . 9 1 . 0 1 4 . 3 2 . 4 5.5 1 . 1 

! . 075 _4 . 8 1 . 0 1.4 . 4 2... 4 _______ 5 . 7 __ __ ___ 1 . 1 __ _ 
. 076 4 . 3 1. 0 1 4 . 6 2 . 4 5.8 t . 1 

1.077 4 . 4 1 . 0 14 . 8 2 . 5 6.0 1.1 
1.078 5. 1 1.0 1 5 . 2 2 . 5 6.2 1.2 

. 07.9 ___ __ .6 . 3 _ 1. 0 0 ___ _ . __ . 1 5 • .7 _____ _ 2 . 5 __ ___ _ __ (; . 4 1 . 2 
) . OAO 7 . 3 1. 0 16 .1 2 . 6 (: . 6 1. 2 
) . 08 1 8 01 1. 0 16 . 5 2 . b 6 . e 1. 3 
). 082 8 . 7 1. 0 Ib . 8 2 . 6 7.0 1. 3 
•• 083 9 . 0 _ ___ .. 1 .0 1 7 . 0 2 . 7 7.2 1 . 3 
1.084 9 . 0 I . " 17 . 2 2 . 7 7 . 4 1 . 4 
1. 085 S . Y 1 . ;:'1 17 . 2 2 . 7 7.6 1.4 
I . OS'<: 8 . 5 1 . 0 1 7 . 4 2 . 8 7 . 9 1 .4 
1. 087 8.0 _ . ____ 1 . 0 ___ 17 . 5 2 . 8 e . o 1 . 5 
1. 08e 7 . 2 1. 0 1 7 . 7 2 . 8 8 . 2 l . 5 
1. 089 6 . 3 1. 0 17 . 9 2 . 9 e . 4 1 . 5 
) . 090 5 . 6 1. 0 18 . 1 2 . 9 e.6 1. 6 
).09 1 5.0 _1 • . 0 ____ 18 . 2 _ __ _ _ ~ 2 . 9 __ 8 . 9 _. 1.6 
1. 092 4 . 7 1 . 0 18 . 4 3 . 0 9 . 1 1 . 6 
).093 4 . 5 1 . 0 la . 5 3 . 0 S:.3 1 . 7 
•• 094 4 . 6 1. 0 1 8 . 6 3 . 0 s: . S 1 . 7 
) . 095 _____ _ _ 4 . (; ____ _ . __ . 1 .0 lB . 7 3 .1 <; . e 1 . 7 
) . 096 4 . 5 1 .0 18.8 3 . 1 10 . 0 1.8 
1. 097 4 . 3 1 .. 0 1 8 . 9 301 10 . 2 1 . 8 
) . 098 4 .. 0 1. 0 19 . 0 3 . 2 10 .. 4 1 . 9 
)....!-P_99 3 .• _6_ l •. O_. 1.9 •. 1 ____ _ . 3 . 2 ~_. 1 0 . 7 ____ _ ____ 1 . ~ 

). 1 00 3.2 1. 0 19.2 3 . 2 IC . 9 1 . 9 
) .1 01 2 . 9 I ~O 19 . 2 3 . 2 lid 2 . 0 
) . 102 2 . 5 . 1 . 0 19 . 2 3.3 11 .~ 2 . 0 
).103 .. __ ____ ._ 2 . 2 _. _ __ __ 1_. 0. ________ 19.3 _ _ _ .. 3.3 1 1 .6 2 . 0 
1 . 104 1 . 9 1. 0 . 1 9 . 3 3 . 3 11.3 2 . 1 
' .1 05 1.7 1. 0 19.3 3.4 12 . 0 201 
}. 106 1 . 6 1 .0 1 9 .. 4 3 . 4 12 . 3 2.2 
t.!..L07 1. 5 1 . 9 li..!....4 ~ ._~ 1.2_ •. 5 2 .. 2 
) . 108 1 .5 1. 0 19 . 5 3 . 5 12 . 7 2.3 
)0109 1. 6 1. 0 1 9 . 6 3 . 5 13 . 0 2 . 3 
) .1 10 1. 8 1 . 0 19.7 3 . 5 13 . 2 2 . 3 
) . 111 2 . 1 1 . 0 19.8 3_~6 ______ L~_._~ 2 . ~ _ _ 
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2 2. 4 3 . 6 1 3 . 7 2 . 4 1 • 0 20 . 0 
.3 2 . 9 3.6 13 . 9 2 . 5 1 .0 20 . 1 
4 3 . 3 3.7 1 4 . 2 2.5 
5 3.8 3 .7 1 4 . 4 2 . 6 

t . O 20 . 3 
1 • 0 20 . 5 est t-. 

6 4 . 2 3 . 7 14 . 7 2 . 6 t .0 20 . 7 
~7C-----l'-.'-i7'-----~ ' _____ 3 .. 8~---~1 4_. _9 2 .• 6 __ 
8 5. 1 3 . 8 15 . 2 2.7 

L·_O 2.0 . • ...9 
t . 0 2 1 • 1 ._--

9 5 . 5 3 . 8 15 . 4 2.7 1 • 0 2 1 . 3 v 
o 5 . 7 3.9 15 . 7 2 . 8 t . 0 21 . 5 

: 1 ____ 5 •.. 8 _____ ; ____ ~3 ._9 1_5 .. 9 .2 •. 8 __ 
~2 5 . <; 3 . 9 1 6 . 2 2 . 9 

L .. _O 21_" 7 
1 • 0 21 • 9 

~ 3 5.8 4.0 16 . 5 2 . <; 1 . 0 22 . 0 
~4 5.7 1 . 0 22 . 1 4 . 0 16 . 7 3 . 0 
! 5 .~ ____ 5_. 5'-___ 1_. a .2 2 • . 3 _____ ~ . • 0_. 1] . _0 ____ 3 ._0. __ 
~6 5 . 3 1 . 0 22.4 4 .1 17 . 3 3.1 
?7 5.0 1. 0 22 . 5 4 .1 17 . 5 3.01 
?8 4.7 1 . 0 22 .7 4.1 1 7.8 3 . 2 
?9 _____ ~ .• . 5 ______ 1.0 22 .• . 8 4 . 2 ______ 18.1_ 3.2 __ 
30 4 . 2 1 .0 22 . 9 4 . 2 18 . 3 3 . 3 
31 401 1 . 0 23 . 0 4 . 2 1 8 . 6 3 . 3 
32 4 . 0 1. 0 23 .1 4 . 2 18 . 9 3 . 4 
33 .. __ 3 . 9 . 1 .• 0. _ ____ 23 •. 3. ______ 4 . 3 ___ 1<; _ • . 2 ____ .3.4 __ 
34 3 . a 1 . 0 23 . 4 4 . ] 19.5 3 . 5 
35 3.8 1. 0 23 . 5 4 . 3 19.7 3.5 
36 3 . 7 1 . 0 23 . 6 4 . 4 20 . 0 3 . 6 
37 3 . 7 1.0 23 .. 7 4 . 4 20.3 3 . 6 
3f! 3.7 1.0 23.8 4 . 4 20.6 ] . 7 
3<) 3 . 6 I . ') 24 . 0 4 . 5 20 . 9 3.7 
40 3.6 1 . 0 24 . 1 4.5 21 . 2 3 . 3 
41 3 . 5 _. ____ . __ 1 . 0 .24 . 2. _______ _ 4 . 5 21 . 5 J.8 
42 ~ . 6 1 . 0 24 . 3 4.6 2 1. 8 3.9 
43 3 . 5 1. 0 24 .. 4 4 .. 6 22 . 0 3 .. 9 
44 3 . 5 1. 0 24 . 5 4 . 6 22 . 3 4 .. 0 
45 ._. __ 3 . _5 _ I'L9 2 .4 . 6 _____ 4_.7 _. __ 22_.6 4 . 1 
46 3 . 5 1 . ') 24 .7 4 . 7 22 . 9 4 . 1 
47 3 . 4 1. 0 2 4. 8 4.7 2~ . 2 4 . 2 

148 3 . 4 1 . 0 24 . 9 4 . 8 23 . 5 4.2 
. 49 3.4 1 .. . 0 _____ _ 2 .5 ... _1_ . ___ ._4 . 8_ .2 .3 ... . 8 4 . 3 
150 ·-----·3 · .. -4 1 . 0 25 . 2 4.8 24. 1 '-- ' . 3 
151 3 . 3 1 . 0 25 . 3 4 .. 9 24 . 4 4 . 4 
152 3 . 3 1. 0 25 . 4 4 . 9 24 .7 4.5 
1 5.3 J. 3 _. __ . ___ 1..! 0 _ 2.5 ~ .5 ._. ____ 4 .• 9 ... _____ .. 25 • 0 4 . 5 
154 J . 3 1 . 0 25 . 6 5 . 0 25 . 3 4.6 
155 3.2 1 . 0 25 . 7 5 . 0 25 . 7 4 . 6 
156 3 . 2 1 . 0 25 . 8 5 . 0 26 . 0 4 . 7 

·i~~ ------5 : ~·--··--- ~: ~· --·--·~i : ~~·---- ~ : i .. ------- ~~ : ~ t:~---· 
159 3.1 1 . 0 26 . 1 5 . 1 26 . 9 4 . 9 
160 3.1 1 .0 26 . 2 5 .1 27 . 2 4.9 
161 ____ ~' . t, ____ 1. 0 26 . 3 5.2 27 . 5 ~5!O __ 
162 3 .1 1 . 0 26 . 4 5-. 2 - 27;8 501 
163 3.0 1 . 0 26 . 4 5.2 28 . 2 5.1 
154 3 . 0 1.0 26.5 5.3 28 . 5 5.2 
165 3 . 0 1.0 26 . 6 5.3 28 . 8 5 . 3 
166 - - --.--- "3: 0 -------f~ 0------- 26. 7---·'-- 5 ; 3 -- '·- 2';:: 1 - --···--- · 5 . 3 
167 2 . q 1.0 26 . 8 5.4 29.4 5 . 4 
168 2 . 9 1 . 0 26.9 5.4 29 . 8 5 . ~ 
169 2 . 9 1 . 0 27 . 0 5 . 4 3C . l 5 . 5 
170 2.9 1 . ') 27 01 5 . 5 30.4 5 . ? 
171 2 . R 1 . 0 27.2 5 . 5 30 . 7 5.6 
17 2 2.8 1 . 0 27.3 5 . 5 31.1 5.7 
17 3 2 . 8 1 . 0 27 . 3 5 . 6 31.4 5 . 8 
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. 050 0 . 4 t . O 8 . 3 1. 6 1 . 5 0 . 5 

. 051 8 . 1 1. 0 8 . 5 1 . 6 1. 6 0 . 5 

. 052 7 . 9 1 . 0 8.7 1 . 7 1 . 7 0 . 5 

. 053 7 . 8 1 . 0 8 . 9 1 . 7 1 . 8 0.5 

.054 7.7 1.0 9 . 1 1.7 2.0 0 . 6 
,_055 7 .5 1 . Q 9_._4 L ,_8 2_d O_._~ __ _ 
.056 7 . 6 1 . 0 9.7 1 . 8 2 . 2 0.6 
. 057 7 . 8 1. 0 10 . 0 1 . 8 2 . 3 0 . 6 
. 058 8 . 1 1.0 1 0 . 4 1.9 2 . 4 0 . 6 
. 059 ______ 8 • . 6 LOLO CO.] 1 • .9 2 .• _5 0 ' ]0---
.C6C 9.2 1 . 0 11 .1 1 . 9 2 . 7 0 . 7 
. 061 10 . 0 1 . 0 11 . 6 2 . 0 2 . 8 0.7 
.062 10 . 7 1 . 0 12 . 0 2 . 0 2.9 0 . 7 
. 063 .. ___ .. _U .... _Z 1 • . 0 12_ .• _4 ~ , .0__ ~ ,._1 ______ 0 .• 3 
. 064 11 . 5 1.0 12 . 3 2 01 3 . 2 0.8 
.0(')5 11.7 1 . 0 1 3 . 1 2.1 3.4 0 . 8 
. 066 1 1. 8 1. 0 13 . 5 2 . 1 3 . 6 0 . 8 
. 067_ 1 1 •. 9 1_,_0 1_3_,_8 ,2 _. 2. 3_ .3_ 0 • . 9, __ _ 
. 058 12 . 2 1 , 0 1 4 ,2 2 . 2 3.9 0 . 9 
.06'1 12 . 5 1 . 0 14 . 7 2 . 2 401 0.9 
,070 12.9 1 . 0 15.2 2 . 3 4 . 2 0 . 9 
.071 13 . ~ . __ tLQ. ____ --'_5_'L.(}_ 2 . 3. ______ ~~.4 ______ l _ • . 0. __ _ 
,072 13.7 1. () 16 . 3 2 . 3 4 . 6 1.0 
,073 1 3 . 7 1. 0 1 6 . 8 2 . 3 4 . 8 1.0 
.074 13 . 6 1. 0 1 7 . 2 2.4 5.0 1 . 1 
,075 13.2 1 . 0 17 .4 2.4 ~ . 2 1.1 
,07(. 12 . 7 I.e 17 . 6 2,4 5 . 4 1.1 
,077 12 . 1 1 . 0 17 . 8 2 . 5 5 . 7 1.1 
.':)"10 11 . 5 1 . 0 16 . 0 2 . 5 ~ . 9 1 . 2 

:g~6 ~g : ~ .-----. - i-:·g- ~~ : ~ .. ------ ~ : ~ ---~ : 1_- .-------: : ~ 
081 9 . 4 1 . 0 18 . 9 2.6 6 . 5 1 . 3 

,082 9 . 1 1 . 0 19 . 3 2 . 6 6.8 1 . 3 
,0 83 9 . 0 1 ..• _9 19 . 7 2_.J _______ 7 ._0 1 . 3,-__ 
,0 84 9.1 t . O 2-0 -.1 2 . 7 7 . 2 ( -. "4 
.085 9.4 1 . 0 20 .4 2.7 7.5 1. 4 
086 10 . 0 1 . 0 ZO . 8 2 . 8 7. 7 1 . 4 

, 087 10 . 4 1 . 0 2l..!.J ____ . __ Z_!8_ 8 .• _0 1 . 5 __ _ 
oa8 1-0' .-'6 1.0-- 21 . 4 Z . 8 S . 2 i-. s 
089 10 . 5 1 . 0 21 . 7 2.9 8 . 5 1.5 

.090 10 . 1 1. 0 2 1. 9 2.9 8.8 1 . 6 
091 9 . 5 1 . 0 22 . 1 2 . 9 _ ... ____ 5,0 1 . 6 ___ _ 

. 092 8 . 6 1' ; '0 ' 22~2 )~O 9,) 1 . 5 
OQ3 7.7 1 . 0 22 . 3 3 . 0 <; . 6 1.7 
094 6 . 9 1.0 22.4 3 . 0 <; . 8 1 . 7 
095 6.1 1. 0 22 . 5 3 . 1 10 .1 1.7 
096 ---- 5.3------ ---1:0' ---22~6--~-~--J . l-·---- 10 ~ 4------ 1 .8-----

097 4 . 6 1. 0 22 . 7 3.1 10 . 6 1 . 8 
098 4.1 1. 0 22 . 8 3 . 2 lC . 9 1 . 9 
099 3 . 9 1 . 0 23 . 0 3.2 11. 2 1 . 9: __ _ 

' foo 4 . 0 1 . 0 2-3 . 2 3 . 2 It.5 '1. 9 
101 4 . 4 1 . 0 23 . 4 3 . Z 11 . 7 2 . 0 
102 5 . 1 1 . 0 23 . 7 3.3 12 . 0 2 . 0 
103 . __ ~ __ 5 . 6 ______ ) .• 0 _______ 24 . _0 ___ .. __ 3.J _____ .. _ 12 . 3 ____ 2 . 0 
104 5 . 9 1 . 0 24 . 3 3 . 3 1 2-. 5' 2 . 1 
1 05 6 01 1.0 24 . 4 3 . 4 12.9 2 . 1 
106 6 . 1 1 . 0 24 . 6 3 . 4 1 3 . 2 2.2 
107 5 . Q 1.0 24 . 6 3 . 4 1 3 . 5 2.2 
loe 5 . 7 1 . 0 24 . 7 ].5 13.8 2 . 3 
1J9 5 . 6 1 . 0 24 .. 8 3 . 5 14 . 1 2 . 3 
1 1 0 5 . 5 1.1) 25 . 0 3 . 5 14 . 4 2.3 
III 5 . 4 1.0 25 . 2 3 . 6 14 . 7 2.4 
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. 112 5 . 3 1. 0 25 . 4 3 . 6 15.0 2.4 

.113 5 .4 1.0 25 .7 J . 6 15.3 2.5 

.114 5.8 1.0 26.1 3 . 7 15.6 2 . 5 

.1 15 6.4 1.0 26 . 4 3 .7 15.9 2 . 6 
.11e. 7.2 1 . 0 26.7 3 .7 16.2 2.6 
• . 117 ____ 8.2_ _ 1 • . 0 __ __ 27 .• 1 _______ .3 . a __ . ____ 16.5_. __ . ___ 2 . 6 . 
• 118 9 . 0 1.0 27.5 3 . B 16.9 2.7 
.119 9.7 1.0 27 . 8 3 . 8 17.2 2.7 
.120 10.2 1.0 28 . 2 3 . 9 17 . 5 2.8 
. 121-__ -1 0 • . 5 L.O 28 . 5 _ +3.9 ___ + __ 17.9 +. _ ___ 2 . 8 __ 
.122 10 . 6 1 . 0 28.8 3 . 9 18.2 2 . 9 
.123 10.6 1.0 29 . 2 4.0 18.6 2.9 
.124 10.6 1.0 29.5 4.0 18 . 9 3.0 
.1 25 1.0 •. .4 _____ ..1 _ • . 0 _29.8. _____ 4.0. ____ . __ 19.3 __ ~ ___ 3.0 __ 
.1 26 10 .2 1.0 .30.0 401 19.6 3.1 
.127 9.8 1.0 30.3 4.1 20.0 301 
.128 9 . S 1.0 30.6 4.1 20.4 3 . 2 
.129 9 .1 L . O 30.8 .4 . 2 ______ 20 .7. 3.2_ 
.130 8 .7 1 . 0 .31.0 4 . 2 21.1 3.3 
.131 13 .3 1.0 31.2 4.2 21 . 5 3 . 3 
.132 7.9 1.0. 3 1. 5 4.2 21 . 9 3.4 
•. 1 33. ___ __ 3.. _6 1. • .-0 ___ ---------3.L.] 4 .• 3 _ _ __ . __ 2"- 2 _ ____ 3.4 _ _ _ 
.134 7.2 1 . 0 31 . 9 4 .3 22.6 3 . 5 
;135 6.9 1.0 32.0 4.3 23.0 3 . 5 
.1 36 6.5 1.0 32.2 4.4 . 23.4 3 . 6 
.1 3 7 6.2 L. _O 32.4 ___ ___ 4 .4 _____ 23.8_ 3.6 _ .. _. 
0138 5.9 1.0 32.5 4.4 24.2 3 . 7 
.139 5 . 6 1.0 32 .7 4.5 24.6 3 . 7 
.140 5.3 1.0 32 . 8 4.5 25.0 3 . 9 
.1.41_ 5 . _1 _ _ _ ~ __ 1 .• 0 _ .. ____ 32.9 _ _ ... __ ._ 4. 5 __ 25.4 ___ 3.0 
.14 2 4.8 1.0 33.1 4.6 25 .7 3.9 
.143 4.6 1.0 33 . 2 4.6 26.1 3 . 9 
.144 4.4 1. 0 33.3 4.6 26 . 5 4.0 
.145 . ___ .4 0 2 ____ ._. __ 1. 0 _______ 33.4 4.7 26.9 4.1 
.1 46 4.1 1.0 33.5 4.7 27.3 4.1 
.14 7 3.9 1.0 33 .7 4.7 27.7 4.2 
.14 8 3.A 1.0 33.8 4.8 28 . 2 4.2 
.1 49 ._. _. __ .. 3 . 8 __ ._ 1 . 0 33.9 4.8 Ze . 6 4.3 
.1 50 3.7 1.0 34.0 4 . 8 29 . 0 4 . 3 
.151 3 .7 1.0 34.1 4.9 29 .4 4 . 4 
.1 52 3.6 1.0 34.2 4.9 29.8 4.5 
0153 __ ._._ 3.6 _.. _1.0 ______ ._. 34.3 ______ . 4.9 30.2 4 . 5 
.154 3 . 5 1.0 34 . 4 5.0 ]0.6 4.6 
. 155 3 . 5 1.0 34 . 5 5.0 31 . 0 4.6 
.156 3 . 4 1.0 .34.6 5.0 31.4 4.7 
.157 ____ ._ 3 . 4 ______ ._._ .. 1.0 )4 • . 8 5.1 31.9 4.8 
.158 3.3 1.0 34 . 9 5 .1 32 . 3 4.8 
.159 3 . 3 1.0 35 . 0 5.1 32 .7 4 . ~ 
. 160 3 . 2 1.0 35 . 0 5 .1 33.1 4.9 
.1 61 3 • . 2 1.. _0 35 .1 _______ '5.2 _______ 33 . 5 ______ 5 . 0 __ .. 
• 162 3.1 1.0 35.2 5 . 2 34.0 5 .1 
.1 63 3.1 I.C 35 . 3 5 . 2 34.4 5.1 
.1 64 3 . 0 1.0 35 .4 5.3 34 . 8 5.2 
. 165 . ____ 3.0 _____ __ 1 .. 0 ______ 35.5 . __ . __ . _ _ 5.3_._ ._35.2__ 5.3 
.1 66 2.9 1 .0 35.6 5.3 35 .7 ... 5 . 3 
.167 2 . 9 1.0 35 .7 5 .4 3601 5.4 
0168 2 . 8 1.0 35.8 5.4 36 . 5 5.4 
. _1_69 4.d:l t . _O 35 . • 9 5 •. 4 36.9 5 . 5 __ _ 
.t70 2.7 1 . 0 35.9 5.5 37.4 5 . 6 
. 171 2.7 1.0 36 . 0 5 . 5 37 . 8 5.6 
.172 2.6 1 . 0 36.1 5 . 5 39 . 2 5.7 
t.l..L3 2 . 6 1.0 36 .• 2 5.6 .3e.7 5 •. 8 __ _ 
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Test No, 4-1 

(SEC) 

AX "y VX VY 

j 0 . ,,) ') . 0 ') .. 0 ':).0 0.0 0 . ::> 
001 -0 . 7 ~ . o - 0 . 0 O . Q 0 . 0 0 . ) 
O~2 -1.4 1 . (\ - -J . 1 0 . 0 0 . 0 0 . 0 
003 -2.1 0.0 -0.2 0 . 0 -0 . 0 0 . 0 
CO~ -2 . R O . C - 0 .4 0.0 - 0 . 0 0 .0 
~O~O~;t' _________ -~3~,~S~ __________ ~2~"~0C_-------C-~O~"~6C_--______ ~O~"~0C_-------C-~O~" ~0C_--------~O~, O------
,,)06 .1.9 ;) . 0 -'1.d 0 . 0 - C . o 0 . 0 
00: - 4 .1 o.!') -1 . 0 0 . 0 - C . O O . G 
00(>. -4. 1 0 . 0 -t.l 0 . 0 - ,) . 0 0 . 0 
000 -~. 2 0 .0 -1 . 3 0.0 - 0 . 1 0.0 
010 - 4 . 9 .) • . "l - 1 . 5 0 . 0 0 . 1 0 . 0 
01 t - 5 . ~ 0 .0 -1 .7 0 . 0 -0.\ 0.0 
1)12 - 5.f. 0 . 0 -1. '3 0 . 0 - 0 . 1 0 . 0 

·1-i ;.,.: -------- :: ~~ :-?~-----------*~-": ~~, --------~-,,~ :;, ---------}:-gi\'---------:O_=: g-:-:~,---------~g!.-': ~----
")1'; -7.ll J . ') -2. >3 0 . 0 - 0.2 O . oJ 
"J', -t.,,: O.J - J . 2 J .. V -0 . 2 a . v 
)17 9 . ? ') . /) - 3 . 5 :') . 0 0 . 3 0 . 0 
,Jl~ B .;> 0 . 0 -377 0 . 0 C~-3 6 .-(Y 
019 -7.7 0 . 0 - 3.8 0.0 - 0.4 0 . 0 
120 - 6 . 8 0 . 0 -3.8 0 . 0 - 0 . 4 0 . 0 
o 20-">--_______ - c . 2<c. -----:0(-",,0:(----7-~ .. S'--____ J .. 0 - a .. 5 0 .. 0 
02-2 -5-:-'-;- 0 . 0 -3. 8- C . O 0 . 5 O';-(j--- " 
023 - 5 .1 'J .n -3. d 0 . 0 - 0 . 5 0 . 0 
024 - 4.] 0 . 0 -J.~ 0 . 0 - 0 . 5 0 . 0 
O?5 - 3 . 4 0 . 0 -4 . 0 0 . 0 - 0 . 6 0 . 0 
026 2 . 9 0 . 0 -4. 2 0 . 0 - 0 . 7 0 . 0 
027 -2. ~ 0 . 0 -4.5 0.0 - 0 .7 O . J 
028 -3 . 3 0 . 0 -4.7 0 . 0 - 0 . 8 0 . 0 
o 2 <;c_------_:-~3 • R: _________ ~)~"'"*0--------_:-~5p"c¥O----------.)O~.~0;C_--------:o_- : 0 • 9 0 • . ) .-j....,.f; -,~ • 7 :) • () - '; . 2 O . 0 - b-:-<) 6-.-:')--- -
J31 - 5 . 3 ') . 0 - 5 .4 0 . 0 -1. 0 f.) • • J 

.':)3::: -~; . e c . :"! - 5 . 5 (1 . 0 - I.J 0.,) 

C' ~)~J~3;;_-------c-~·i:·'~'-.'C_--------~)~"70,.------_c-c.5 . aD. a - I • 1 0 • ') 
. 034 6 . 1:1 0 . 0 -6. 0 0 . 0 -1. 2 O-.-J---
. 035 -7 . 2 0 . 0 - 6 . 3 0 . 0 -1. 3 0 . 0 
.036 - 7.(;, 0 . 0 -6.6 0 . 0 -1. 3 0 . 0 
. 037 -7 . 9 0 . 0 -7 . 0 0 . 0 -1. 4 0 . :1 
;-Q"38 d.4 '1 . 0 -7.4 0 . 0 1.5 0.5---
. 0.19 -9 . 1 0 . 0 -7. 8 0 . 0 -1.6 O . J 
. O!:.Q -",. 7 1 . 0 - :) . 2 0 . 0 - 1.7 
. 041 -10.2 0 . 0 -,.6 0 . 0 -1.0' _____ __ 
.:--O"4--z---------=-l b:"4 6 . 0 --3:-8 0 . 0 - r:-i)-
. 043 -10.2 0 . 0 -9 . 1 0 . 0 - 2 . 0 
. 044 -1:).0 0 . 0 - 9 . 3 O . C -201 
• J4 5 - 9. <; ') . :: _______ - -1 . 5 ____ __ 
:_6 4 (:.~--------=(J:_7-------0_;ff- ~ 7~--

. 0::.7 - ~ . /, 0.) -10 . 1 
• • "){Ie _<;. t, J . 'l -1'J.4 
,-J_'_+ ~ __ . ___ -_"..!_.L ________ )e. ' " ______ --'-1 !.!.,'? ________ _ 
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0) . ) - 2.2 
:L 0·------- - 2 ~ J 
J.e - 2 . 5 
') . 0 - 2 . 5 
0.::) -2 . ? 

0 . 0 

0 . ,) 
O . C 

0.0 
(j . ) 
:1 . ,; 



------------------------ ._--
.050 -9.5 0 . 0 -!1.2 0.0 -2.8 0.0 
. 051 -1 /) . 1) 0.0 -11.7 (l.O - .3.0 0 . 0 
.05? -\0 . ';J. 0 -12.2 O.C -3d 0.0 
.053 -12.1 0 . 0 -12.8 0.0 -3.) 0.0 

". 054 -12.6 0.0 -13.2 0 . 0 -3.4 0 . 0 
.~55 -12.4 0 . 0 -13.5 0.0 -3 . 6 0 . 0 

' . 056 -11.5 0 . 0 13.6 0 . 0 -3.B 0.0 
.057 -10.7 0 . 0 -13.6 0 . 0 -3.9 0 . 0 
. 058 - \0.0 0 . 0 -13.7 0.0 -4.1 0.0 
.O~9 :) . t:. 0.0 j3 . S O . Q -4.2 O.C 
. o~o -A.q O . J -\4.2 O.C 4 . 4 0.0 

' .061 - ':S . (- 0 . 0 -14.5 0 . 0 -4.6 0 . 0 
. 062 -7.8 0.0 -14.9 0 . 0 -4.6 0 . 0 
. 063 -6.7 0.0 -1 5 .1 0 . 0 -~.9 0 . 0 
.064 -6.0 0 . 0 -15.3 0 . 0 -5.1 0 . 0 
. 065 - 6.0 0 .0 -15.4 0.0 -5.3 0.0 

' .066 -6.8 0 . 0 -15.7 0 . 0 -5.5 0.0 
. 067 -7.2 0 . 0 - 15.9 0.0 -5.7 0 . 0 

' . 068 -7.3 0.0 16.\ 0 . 0 5 . 9 0.0 
' .O?9 - 7.0 0 . 0 -1 6 . 2 0 . 0 -6.1 0 . 0 
. 070 -6.3 0.0 -1~.3 0 . 0 - 6 .3 0.0 

' . 071 -5.~ 0.0 -1~.4 0.0 -6.5 0 . 0 
.072 5 . 3 0 . 0 - 1~.6 JoD ~ .7 O.J 
.073 - 5.S 0 . 0 -16.3 0.0 -6.9 0.0 
.074 -507 0 . 0 -17.1 0.0 -7.t 0.0 

C-~O~.~775C_------_C-~5~.~7----------~O~· ~°c_------~-11~7~.'i3----------70r·~O'----------=-~7r·C'C_--------70 . 0 .J7', -5.3 -0 •• ) 17.4- 0 . 0 -7. 5 0.")-----
.077 -5.0 0.:) -17.6 0.0 -7. 7 0.0 
. 078 -4.6 0.0 -17.6 J . O -7.9 0 . 0 
.O?9 - 4 . 3 0 . 0 -17.7 0 . 0 -B.l 0 . 0 
. o~o - 3.9 O . C -17.7 O./) - 8 . 3 0 . 5-----
.031 - 3.3 0 . 0 -17.6 J . O - 8.5 0.0 
.0 32 -2.6 J . O -17.6 0.0 -8.8 0 . 0 

-:-%~~~~--------..:::=~;~:~;;,----------<5~:~3i\-------~:=+; ~;~:~~<_--------_i\g~:7gf_------__== "~: ~f----------:g-: ~--
.Das -0.4 oJ . ? - 17 . 5 0 . 0 -<;.4- c., 
.09~ 0 . 2 0 . 0 -17.5 0.0 -~.6 C. O 
. J::'17 OoS 0.0 - 17 . 4 0 . 0 -9.fJ: _________ ~O:r. ) 
. 1813 0 . 7 ,).0 17.4 d . o ,Ci":"""J d.5--
.039 0 . 6 0 . 0 -17. 5 J'O -IO.~ 0 . 0 
.090 0.4 0.0 -17.5 0 . 0 -10.4 0.0 

c·~O~9~1.-------~"O."oC_---------O~.?oC_------~-~lc7r'·76C---------~O~.~O ________ -=11~O~.~6----------c0.J . ::)112 j . 1 J ob -17.1. J.Q 10 . B o7j--
. 093 -0.1 J . J -17.[> 0.0 -11.1 0 • ..) 
. C ·:)4 -0.2 .) . " -17. (, 0.0 -11.::3 ".J 
. 0 Q '5 - 0 0 6 J • 0 -1 7~. ~60-________ ~O • O;-______ ~-oi-I t • 5 0 • 0 

-:-tn)5 -1 .. 1 0 .. 0 17 .7 0 . 0 -1"(':-7 0-:-:)-----
. 097 -1.5 '0 . 0 -17.9 0.0 -11 .. 9 0 . 0 
.09~ -1. 6 ~.J -17.9 0 . 0 - }2.1 0 . 0 
0099 -1.4 0.0 -17.9 0 . 0 - 12.3 Con 
-:-ruj [ . J J.b -1 3 . j d.d -1.t .. 6 ).,J--
.1')1 -\.4 J. 'O -13.0 0 • .0 - 12.S o . J 
. 102 -1.6 ,j.o -}8.1 0 . 0 -1 3 . 0 0.0 
. I -J 3 __________ -=-'2;C-c"i--_________ O. :), _______ -! 8. 2 'J 0 0 --------0-1 ::; . 2·

c
. __________ 0 . ") 

';-ru-4 -2.1 ~-;-o- "'=-1 -d -.- 2- ,)~O-- -1:'.4- 0'-0 
. 1QS -I. A J.e -1~.3 0 . 0 -13.6 0 . 0 
. 106 -1.4 J.o -ld.3 0.0 - 13.9 0.0 
.107, _________ -~1~-~I\-----------o0~.~cr_------~-;lna . 3'---------~OO~·70r-______ ~-~1~4~.~1c---------~O~.~O-----
7TY8 a. 1; c.j 137.2 " 0.0 -14. 3 0 . 0 
. 109 -0.8 JoO -13.2 C . O -14.5 0.0 
.110 -C.7 0 . 0 -18.2 000 -14.7 0.0 
. il! -0.4 0. 0 -19.2 0 . 0 -15.0 0.0 
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12 -0.2 0 . 0 -1~. 2 0 . 0 -15. 2 0 . 0 
13 C.2 0 . 0 -1 3.2 0.0 -1~.4 0 . 0 
14 0 . 3 0 . 0 -1 8 . 2 0 . 0 -15.6 0 . 0 
15 0 .1 0 . 0 -1 8 . 2 0 . 0 -15 . 8 /) . 0 
16 - 0 . 0 0 . 0 -1 5 . 3 0 . 0 -1 6 . 0 0 . 0 
~1.7~ ___ -=-."Q,-,.-:3L-_____ ~"~'-,;Q;_---,-~1 a..~3~ ____ *-O ,,--0 - I 6 I 3 O~;_-_ 
1 8 -0 . 6 0 . 0 - 18 . 4 0 . 0 -l~.S 0.0 
19 -O.A 0 . 0 -18.4 0 . 0 -16.7 0 . 0 
20 -0 . 9 ·.) . 0 -1 3 . 5 0 . 0 - \6 . 9 0 . 0 

.2 I - I . 0 o . ,.., - I 8.,. 5 0 "-~Q ___ -'-~L2.d _____ ~O~ •• _Q~ __ 
2? 1 . (' 1 . 0 - 18.5 0 . 0 -17.4 0 . 0 
::'3 - 1 . 0 0 . 0 -18 . 5 0 . :') -1 7.6 0 . 0 
24 -0. 9 0 . 0 -1 9 . 5 0 . 0 -17.8 0.0 
Z 5 - Q . 9 ____ -)!QJ.~"~---~1~8~-.J2 D-!..Q - I~')~-------c~ .0 __ _ 
26 0 . 7 0 . 0 - 18. 5 0 . 0 -1 8 . 3 0 . 0 
27 -O . S 0 . 0 -1 8 . 5 0 . 0 -lS.5 O. C 
2~; - 0 .3 a . o -t a . s 0 . 0 -18 . 7 0 . 0 
_~;-___ -:-~<*' ,.~2;-____ ~Q~.~ 1 8 . :3 Q I Q - LE ." 9 C'J_:L-
3(' - 0 . 3 0 . 0 I "i . 5 D . Q -1 9 .1 0 . 0 
31 - 0 . 4 0 . 0 -18. 6 0 . 0 -1 9 . 4 0 . 0 
3Z -v . 7 ').n -1 .:3.6 0 . 0 -10; . 6 (\ . 0 
'~''-___ -:~'~' ~~;-_ _ __ ~?~. ~O,-___ ::--\-"l :to 7 0 • 0 - 1 9 • .$0 Q • 0 
)4 -l.~ 0 . 0 13 . 8 O. C -20.0 0 . 0 
35 -1.2 0 . 0 -1 03 . 8 0.0 -20.3 0.0 
3(, -1.3 0 . 0 -1 .') . 1) 0 . 0 - 20 . 5 0.0 

..,.1] ___ -L._~-____ ~li--• .nf' ___ -'-o,Ld.0...9 0 • 0 - 2 <2.' 7 C-, 0 __ _ 
",! 1.:; .,) . 1"\ -1 9 . 0 ') • . J - (o!O . ' 0 . 0 
~~ - 1 . 5 ~ . I) -1 9 . 0 1 . 0 -?1 . 2 0 . 0 
4' -t.:: J . t) -1'). 0 1) . 0 - 2 1.4 C.I) 
-;";-;-I---_-"-~l c.~.~----,,)~.,,';f_----=-l .9 . 0 a_~ ) -2J_~ 6 a _ . .J. __ 
42 -1. 2 0 . 0 I~ . l 0 .0 . - 21 . 9 o . c 
43 - 101 0 . 0 -1 9 .1 0 . 0 -22.1 0 . 0 
44 - 1.0 0 . 0 -1 9 . 1 0 . 0 - 22 . 3 0 . 0 
• 5, _ ___ -'-~O~.~G<_-----0~, ~.~Q;_---~-~1~9~. Z a . 0 - 22 • 6 0 •.. :J __ 

4-f. '-1 . 9 (J . O -1 9 . 2 0 . 0 - 22 . 8 0.0 
47 - 0 .9 0 . 0 -I Q.2 0 . 0 - 23.0 0 . 0 
46 - 0 . 9 0 . 0 -1 9 . 3 0 . 0 -2~.2 0 . 0 
4.... O. q :) . Q. ____ ~-_!I~.)~.'_'!.3'------~0i"_. O~-----'-~.~?~J~.~5~-----~Q~.~O(-__ 
~b 1 . 0 o . ~ -1 9 . 4 0 . 0 23 . 7 0 . 0 
51 -1.1 0 . 0 -1').4 0 . 0 - 23 . 9 O . J 

::;, -1 . 2 O.;.l 19.5 0 . 0 -24.2 0 . 0 
c:; 3, ____ -=-~I~., ~-----_;'~.~0i(_---~-=+'1 9 . 5 a . 0 - 2 4 • 4 a • :) 

' 5'~ -1 . 4 0 . 0 -1 '-i-.·6 O:O-----::z4·:6 0-.-0---' 
5<; -1. 5 0 . 0 - I ~ . 6 0 . 0 -24. 9 0 . 0 
:'6 - l . f, ') . 1) 19 . 7 0 . 0 -25 .1 0 . 0 
S7 - I . ~ 0.0 -1 9 . 7 0 . 0 - 25 . 3 0.0 
5P. -1.5 0 . 0 - 19 . 8 0 . 0 -25 . 6 0 . 0---
59 - 1.4 0 . 0 - 19 ' M 0 . 0 - 25 . 8 0.0 
60 - 1.3 0 . 0 -1 9 . ~ 0 . 0 - 2~ .1 0 . 0 

-1. 1 o . ~ -1 9 . A 0 . 0 -2s~ 0 . 0 
6:.! -1.0 0 . 0 - 19 . ti 6 . 0 -26 . 5 6-:-0----

. 61 

63 - o. a ') . 0 -1 9 . 8 0 . 0 - 2~ . 8 0 . 0 
6~ - 0 . 6 0 . 0 -1 9 . 8 O . C -27 . 0 0 . 0 
6S _ ___ -::*C .t. () . f) -1 -;l . tl 0 . 0 -?7:.$, O. 'J 

: 6"(; -O ~'2----~,,~.~o:f-----::l <1. ~ 0 : 6 27 . 5 0-.5--
67 - 0 .1 J . Q -l~. J 0 . 0 - 27 . 7 J . O 

.68 -0. 0 ) . 0 -1 ' ). 8 0 . 0 -2a.o 0.0 

""f6;-----,}: ~,.-----·~:6'-----=-·t ·~ : ~------~: g--- :~~.: ;;-----&~~--.. 
171 0 . 0 ) . 0 -1~ . 8 C . O - 21;'7 O . ,j 
. 7: : . . ') ) . /) -!L'" ') . 0 - 2l\ .g :1.J 
.7:! :J . ') ) . "1 -1 ·; •. ::i ______ ? _Q. ___ ,_:-.2'2.~L _____ ') ! ;;._ 
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APPENDIX D. 

DAMAGE ESTIMATES ON FULL-SCALE TEST VEHICLES 
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APPENDIX E 

CRITIQUE 

BY 

LINCOLN ELECTRIC SYSTEM 
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'VCOLN ELECTRIC SYSTEI'v1 ___ M(-"';' i~~t;" 
~~~ 

CITIZEN-OWNE D 

2620 FAIRFIELD STREET. P.O. eo)( 80869 • liNCOLN, NEBRASKA 68521 • TElEPMONE ~02·H5-<l211 

~. Edward R. Post. P.E . 
.ssociate IJ;"ofessor of Civil Engineering 
~partment of Civil Engineering 
fniversity of Nebraska 
:26 Bancroft Hall 
.incoln, NE 68588 

tear Dr. Post: 

January 22, 1982 

re have received. a copy of your draft report dated Septerrber 12, 1980, entitled 
FEASIBILITI STIJDY OF BREi\K-Al-IAY STIJB OONCEPT FOR l~DEN UITLITI POLES". Bill 
'indlay has provided us a good reviBV of line design criteria as it applies to 
,his brea1(-away concept. A copy of his analysis is attached. 

n light of the results of this reviev, it appears this break-away pole concept 
ould not provide IES with a safe, reliable design. Therefore, LES would not be 
nterested in further participation in this project. 

hank. you for giving us the opportunity of revieving this project with you. If 
ou have any questions. please feel free to contact !IE. 

rh 

nclosure 

c: Bill Findlay 
Dave Redding 
Emil 1\rrek 
Rex M3rtin 
v,lalt Davis 
George Selvia 
Walt CaPney 

~
. ely, 

. V· ([7,""0 77l/,/(, 
Janes L. Miller 
Mgr., Engineering Services 
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e7 r:-~ 
lC':!t:. e C.L ;':;' IHTER-DEPARTMEtH COMMUNICAT IOH 

TO Jim Miller 

SUBJECT ANALYSIS OF Tr~ FEASIBILITY STUDY OF 
BREAKAWAY STUB CONCEPT FOR WOODEN 
UTILITY POLES. 

During the last two years the Lincoln Electric 
feasibility study of breakaway utility poles. 
comments on this study: 

(1) Assumed Longitudinal Loading. 

DATE January 21, 1982 

FROM Bill Findlay 

COpy Dave Redding 
Emil Turek 
Stan Wastrel 

System has participated in 
Following are some of my 

the 

The only longitudinal loading considered in this study was that of extreme 
wind on the pole alone, N. E.S.C. rule 25ZC4 states "where longitudinal loads 
can be created by the difference in tensions in the wires in adjacent spans 
caused by unequal vertical loading or unequal spans , the structure shall be 
capable of supporting this unbalanced longitudinal loading". Unequal vertical 
loading happens when one span sheds its ice load while the adjacent spans are 
still ice loaded. A typical difference in tensions for the 336 , 4 KC~ 18/1 
ACSR for the 150' span would be 1950 pounds per conductor for the ice covered 
conductor at 32°, no wind, and 1330 pounds for each bare conductor at 32

0 
with 

no wind . For the 2/0, 6/ 1 ACSR neutral a typical tensio n for the ice covered 
conductor at 32°, no wind, would be 1,110 pounds and the bare wire tension 
at 32° , no wind, would be 580 pounds. 

This results in an unbalance in tension for the four conductors of 2,390 pounds . 
The unbalance in tension for anyone conductor exceeds the 550 pound capability 
of the po l e in Hughes Brothers test No.1. 

I t is not an uncommon occurrence for one span to shed its ice load in the 
bright sun where the adjacent span i s shaded and retains its ice loading . 

I t should be noted that the utility poles in figure 1 of the report al l show 
additional conductors over the four conductors shown in figure 5 . All of the 
conductors contribute to the transverse and longitudinal leading of the pole. 
This has not been considered in the study . 
it would be unusual to find poles with just 

(2) Design Criteria. 

In urban construction in Lincoln 
the four conductors on it. 

Section 1 introduction to the 1981 NESC is quoted here. "The purpose of these 
rules is the practical safeguarding of persons during the installation , operation, 
or maintenance of electrical supply and communication lines and their associated 
equipment. They contain minimum provisions necessary for the safety of 
~~ployees and the public. They are not intended as a design specification or 
an instruc tio n manual ." 
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Page 2 

Rule 267 of the NESC specifies an overload capacity of 1.33 for longitudinal 
loads that has not been considered. 

(3) Domino Effect. 

It is estimated that a 40 ' class 4 pole will weigh about 1,300 lbs. with the 
top 26' weighing about 600 pounds, the cross arm about 32 pounds , pins and 
insulators 8 pounds making a total of 640 pounds that will be supported by 
the four conductors after the pole has been broken . Assuming each of the four 
conductors share the load the unbalance in tension between adjacent spans at 
0

0
, no wind, would be about 2056 pounds . Since the breakaway poles are capable 

of 550 pounds there would be a domino effect with the entire pole line breaking 
away . 

(4) Pole Deterioration. 

The cutting of slots in the pole as proposed in the study exposes heartwood 
that has not been treated with preservative. This lack of preservative will 
shorten the life of the pole unless special measures are taken to try to 
preserve the heartwood. 

(5) Fiber Stress Values . 

The fiber stress values used in this study are for new poles and are primarily 
based on testing small clear wood specimens. Full scale testing of wood poles 
indicate considerable variance in pole strengths. They also indicate a decrease 
in strength with age. The moisture content of the wood also is a factor in 
strength determinations. The ·..rood handbook published by the Forest Product 
Laboratory states "For example a wood member under the continuous action of 
bending stress for 10 years will carry only about 60% of the load required to 
produce failure in the same specimen loaded in a standard bending strength test 
of a few minutes duration". The use of new pole fiber stresses in computing 
the breakaway section modulus results in underestimating the required sectiqn 
modulus of existing poles. 

(6) Column Loading . 

No consideration in this s t udy has been given to column loading on the poles . 
Transformers, capacitor banks and other eqUipment impose a column loading. A 
typical transformer will weigh about 400 to 600 pounds and is mounted in such 
a way that this load has a small eccentricity. Guying also imposes column 
loading with the load being determined by guy leads and size of the conductors 
being guyed . 

In my opinion , the failure to consider longitudinal loading due to unbalanced 
conductor tensions has negated the conclusions of this study. 

---:'( M/::';-
!-,/,',,-",,"", 

Bill Findlay 

dw 
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