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CREEP STUDIES ON 'EXPANDED, t, "CHUKAR," AND 
'DRAKE" ALUMINUM CONDUCTORS 

I. INTRODUCTION 

J. The Creep of Transmission Lines 

Transmission lines are the most important links in electric 

power supply systems. These lines transmit power from the source, 

a darn or steam power plant, to the point of use, an urban or indus- 

trial area. Because distances over which the power is transmitted 

are relatively great, energy losses must be minimized by using high 

voltages and low currents. Also three-phase alternating power is 

usually transmitted. A transmission line, therefore, consists of three 

conductors - one for each phase. 

The conductors of a transmission line are strung on steel 

towers which provide support and elevate them at safe distances 

above the ground. These safe distances, or clearances, are speci- 

lied by a safety code and should be maintained throughout the life of 

the transmission line. However, experience has indicated that the 

conductors tend to increase in length and sag during service. Such ar 

increase in length is known as "creep" and decreases the clearance. 

Excessive amounts of creep would lead to excessive sags and a 

dangerous loss of clearance. 

With the continual increase in use of electric power comes 
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the necessity to transmit greater quantities over the same trans- 

mission lines and over additional lines. At the same time crowded 

conditions in urban areas mean fewer rights of way available for 

construction of transmission lines. Thus the power transmission 

engineer is forced to develop newer methods of power transmission 

such as the use of higher voltages and direct current transmission. 

At the same time there is greater emphasis on economy, both in 

transmission line construction and operation. For greater economy 

in construction designs utilizing fewer towers (thus longer spans), 

lower towers (thus less safety in clearance), and minimum conductor 

size necessary to carry the electrical loads are being developed. 

Longer spans increase the tension on the conductor (as does a 

smaller conductor) and this increases the rate of creep which, in 

turn, further reduces clearance. Lower towers, of course, have the 

same effect. 

Thus the problem of creep in electrical conductors is becoming 

an important factor in transmission line design. The transmission 

!ine design engineer is concerned with two phases of the creep prob- 

lem. The first is creep which occurs during construction of the 

line. This is a short time effect but involves relatively large 

changes of length. The second is creep which occurs during the hic- 

of the line. It is thus a long time effect. This thesis will be 



concerned with both phases of the creep problem, 

. The Aluminum Conductor 

Owing to its low electrical resistance to weight ratio, and high 

strength to weight ratio, aluminum conductor has almost entirely 

replaced copper conductor in construction of high voltage trans- 

mission lines. The first overhead high voltage transmission line 

made of 98 percent aluminum was installed in 1898. At present. 

over 90 percent of the transmission line in the United States employs 

aluminum cable. The aluminum may be alloyed to increase its 

strength or the conductor may employ steel reinforcement for the 

same purpose. 

Steel reinforced aluminum conductor (Aluminum Conductor 

Steel Reinforced, or ACSR) vas first introduced in 1908. ACSR is 

a composite, concentrically stranded conductor consisting of one or 

more layers of concentric-lay stranded Electrical Conductor (EC) 

grade hard drawn aluminum wires helically stranded around an inner 

core of high strength galvanized alloy steel, This steel core itself 

may be a single wire or it may be concentric lay stranded of one or 

more layers of zinc coated steel wire depending on the size of the 

conductor and its design. 

In high voltage transmission ACSR is larger in diameter and 
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much stronger than an all aluminum conductor of the same electrical 

rating. The steel core usually contributes 55 to 60 percent of the 

total strength (I, p. 885), but has a higher electrical resistance. 

The strength to weight ratio is usually about twice that of copper of 

equivalent direct current resistance. Hence, ACSR permits longer 

spans and fewer towers or poles (1, p. 884, 885). 

Aluminum alloys have been developed in which higher strength 

can be obtained than in the EC grade but with a small loss in 

electrical conductivity. Such aluminum alloys have been used to 

manufacture conductors either to replace the steel core or part, or 

all, of the EC grade aluminum. 
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Il. SCOPE OF THIS THESIS 

A contractual agreement was entered into between The 

Bonneville Power Administration (BPA) and Oregon State University 

(OSU) for studies of the creep characteristics of all aluminum, ACSR, 

and Expanded 460KV conductors (3, p. 4). The studies were to in- 

dude the following: 

I. Determination of the effects of various combinations of 

prestress tension and time on conductor stabilization and 

long time creep. 

II. Determination of the effect of conductor creep on the 

initial (E.) and final (Ef) modulus of elasticity. 

HI. Determination of the cumulative effect of the non-elastic 

elongation of a conductor from creep and from a temporary 

load increase involving the difference in E1 and Ef. 

In this thesis Expanded 460KV and ACSR conductors have been 

studïed. The specifications of the conductors tested are listed in 

Table I. 

The test conditions for each conductor are listed in Table II. 

Each conductor was assigned a code number. The code number used 

in this thesis consists of four groups of notations. The first group 

denotes the conductor type and manufacturer. The second group 



Table I 

Properties of Test Specimens 

Type 
Code 

Expanded 
460KV 

Expanded 
460KV (AWR) 

Chukar 
ACSR 

Drake 
ACSR 

Manufacturer* S.E. ALCOA Kaiser S.E. 

Code Symbol X(SE) X(AWR)* C(K) D(SE) 

Rated 
Strength (lb) 82,800 69,900 53,650 31,200 

Strength- 
Weight Ratio 25,300 24,500 25,900 29,300 

Copper 
Equivalent 
(MCM) 1,707 1,621 1,119 500 

Diameter (in) 2. 136 2. 145 1.602 1. 108 

*S. E. : Southern Electric Company 

ALCOA,AWR: Aluminum Company of America, Wire Rope Design 

Kaiser: The Kaiser Aluminum and Chemical Company 

Stranding: 
X(AWR): 34 x l7Z7' EC Al Wires 

18/12/6/1 (7 x . 0859") 5005 Al Alloy Rope Lay 

X(SE): 36/30/24 x . 1643' EG Al Wires 
Core: 1Zx . 1443" Steel and 12 Shaped EC Al Wires 

K(C): 30/24/18/12 x . 1456 EC Al Wires 
12/6/1 x . 0874 Steel Wires 

D(SE): 16/lOx . 1749 EC Al 
6/1 x .136 Steel Wires 



Table II 

Test Condition 

Code 

Pretension 
Percent of Load 

Creep Tension Pounds 
Time 
Hour 

Creep Tension 
Percent of Load 

Rated Strength Pounds Time Remarks 

X(SE)-lOO/l-zO - - - ¿O 14,000 2674.6 Creeptensionis 
X(SE)-125/l-zO 125 17, 500 1 ¿0 14, 000 2693. 8 based on rated 
X(SE)-1Z5/l-ZO-R 125 17, 500 1 ¿0 14, 000 2741. 9 strength of 70, 000 
X(SE)-150/1-z0 150 21,000 1 ¿0 14,000 ¿741.Z pounds. 

X(AWR)-lZ5/l-Z0 1Z5 17,500 1 20 14,000 2674.4 Ditto 
X(AWR)-150/l-Z0 150 ¿1,000 1 ¿0 14,000 ¿674.2 Ditto 

C(K)-100/l-Z0 - - - 20 10,720 2455.3 
C(K)-125/1-20-1 125 13, 400 1 20 10, 720 2456. 0 From Reel 7 

C(K)-125/l-20-2 125 13,400 1 20 10,720 2455.8 From Reel Z 

C(K)-125/16-Z0 125 13,400 1 20 10,720 2456.8 
C(K)-125/1/4-20 125 13,400 1/4 20 10,720 ¿456.5 
C(K)-150/l-20 150 53,650 1 20 10,720 2455.5 

C(K) Three specimens for stress strain test 
D(SE) Three specimens for stress strain test 

-J 



denotes the prestres sing load and time. The third group denotes 

the creep load. The fourth group, if any, denotes some different 

initial condition of the conductor. For instance, C(K)-.1Z5/1-2O-Z 

represents a conductor of the Chukar type made by Kaiser Aluminum 

and Chemical Corporation. In this experiment the conductor was 

first prestressed to 125 percent of the creep load for one hour. Its 

long creep load was 20 percent of its rated strength. lt was the 

second conductor of the same type to be tested under the same 

conditions. 



UI. BASIC CONSIDERATIONS OF CONDUCTOR CREEP 

1. Load on the Conductor 

The constant load applied to a conductor in service is its own 

weight. In actual service, in addition to its own weight, the con- 

ductor is also subjected to ice and wind loads. The amount of this 

load depends on the climate of a particular area. For design pur- 

poses, the ice accumulation is usually considered as half inch 

maximum in thickness acting vertically. The wind load is generally 

assumed from eight to twelve pounds per square foot acting hori- 

zontally. The resultant load (We) on the conductor is 

w = 

e 'y y h 

where 

W vertical weight of conductor and ice in pounds per 

linear foot; 

W, = horizontal wind load in pounds per linear foot. 

Take 'Drake" conductor as an example. Its own weight is 1. 098 

pounds per linear loot. But its maximum design load (weight, ice, 

and wind loads combined) is assumed to be 2. 5Z3 pounds per linear 

foot, i. e. ZZ. O percent of the dead weight. Although the load on a 

conductor in service is variable, due to icing and wind conditions, 

the average load which the conductor experiences is known as 
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"everyday stress" (EDS). For an average dead end span of 1000 

feet the EDS is assumed to be approximately ¿0 percent of the rated 

strength (RS) of the conductor (12, p. 2). 

The ratio of load plus bare weight to bare weight of conductor 

decreases as the diameter of the conductor increases. This means 

that a larger conductor's everyday stress is closer to its maximum 

tension. Because of this fact, for cables of the same type of 

stranding, creep increases as the conductor diameter increases 

and as the steel core area decreases with respect to the total conduc- 

tor cross-section (13, p. 2). 

2. Creep and Conductor Materials 

Among the three common materials used in the manufacture 

of conductors, steel shows the lowest amount of creep, next is copper, 

and aluminum has the most for the same loading condition (9, p. 2). 

ACSR is a composite material of steel and aluminum. Hence, the 

creep of ACSR conductor depends on the amount of steel in the con- 

ductor. Past experimental data (13, Figure 2) show that the creep 

strength of ACSR is a linear function of the percentage steel in the 

conductor, i, e. conductors with less steel show more creep. 
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3. Fundamentals of Creep Theory 

Experience indicates that creep in metals usually progresses 

in three stages. In the first stage, immediately after application of 

the creep load, the initial high rate of deformation rapidly decreases 

until it approaches a steady or constant rate. This constant rate 

characterizes the second stage of creep. In the last stage the creep 

rate increases, terminating in fracture of the material. Although 

the rate of creep in the second stage is generally considered to be 

constant it may not actually be that. This stage is most likely a 

long time transient stage between the decelerating first stage and the 

accelerating third stage. This thesis will be concerned with the first 

and second stages of creep only. 

The stress-strain relations of a conductor in a creep test can 

he explained by means of Figure 1. For a certain applied load the 

deformation of a conductor may be explained by the formula: 

where 

Tt=D+P+C 

Tt total deformation at time t; 

D = initial elastic deformation; 

p = initial plastic deformation; 

Ct : creep at time t. 
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When the load is released after time t the conductor will not return 

to its original length but will retain additional length P + C ( 

p. 3). This phenomenon is shown in Figure 2. If the conductor i_s 

unloaded during a creep test deformation will follow the dotted curve 

(5, p. 350), 

Past experiments have shown that creep strain versus time 

data at normal tensions and at constant temperature for the first 

two stages of creep closely follow a straight line on a logIog scale. 

Thus the creep strain as a function of time can be represented by the 

following equation (6, p' 772): 

wh e r e 

e = B (t) 

e = creep strain in inch/inch; 

B = a constant, it is the value of creep strain at unit time 

for a given slope curve; 

n = a constant, the slope of the creep curve; 

t = time. 

Hence, prediction of long time creep behavior from short time tests 

can be made by extrapolating this straight line. The American 

Society for Testing and Materials (ASTM) recommends that tet data 

cover ten percent of the period for which creep is to he determined 

(Z, E-139), In the case of conductor the Aluminum Company of 
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America (ALCOA) has found that the elongation due to creep during 

the first ten years under tension is roughly equal to the creep which 

occurs during the next 90 years (9, p. 3). 

Various experiments also show that increasing creep tensions 

shift the creep strain versus time curves vertically upward without 

appreciable change in slope. Hence, in the equation above 'B" in- 

creases with the increase of tensile load and "n' is independent of 

load. 

The above discussion is based upon curves which are plotted 

with log-log scale. The creep strain rate ( which is the slope 

of creep strain versus time curve in rectangular coordinates, de- 

pends on the stress and temperature. One of the most useful empiri- 

cal generalizations is that the minimum creep rates can be repre- 

sented as 

=(î) 
C min dt min 

Here j stress, and k and c are constants; both depend upon 

temperature (4 p. 1 1). From this equation we can see that the 

slope (Ec) of the creep strain versus time curve increases with the 

increase of stress. 

A more generalized formula is given as 

.E A exp[H + 

where H approximates the energy of self-diffusion of matrix metal 
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as long as precipitation and aging reactions are not prominent. 

R is the gas constant, T is the absolute temperature, and I(a) is a 

stress dependent function. 

4. The Effect of Temperature on Conductor Creep 

Temperature is one of the important factors affecting the 

creep properties of conductor. From limited data it is observed 

that the slopes of the creep strain versus time curves for a con- 

ductor under low load (ZO percent of rated strength) in log-log scale 

reveal little significant change with the change of testing temperature. 

When the loads are high (40 percent and 60 percent of rated strength) 

the slopes of the curves tend to increase with temperature (8, p. 3). 

These facts indicate that an increase of temperature increases the 

creep rate. Modern developments in power transmission design re- 

quire the conductor to be operated at temperatures higher than 

experienced in the past. In the case of ACSR, as the temperatures 

increases, the mechanical stress shifts from the aluminum strands 

to the steel core due to the higher thermal expansion coefficient in 

the aluminum. In the case of all aluminum conductor creep may be- 

come serious as the temperature increases (8, p. 5). A test on 19- 

strand all-aluminum conductor at room temperature and Z00° F for 

several tensions revealed that creep at ¿00e F was about five times 
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that at room temperature (8, p. 5). 

In case of an installed transmission line the conductor ten- 

sion decreases as the sag increases. Thus, the increased creep 

rate because of higher temperature is compensated to some extent 

by the reduced tension (14. p. 1547, H. H. Rodee's discussion). 

5. Other Factors Affecting Conductor Creep 

Conductors studied in this thesis were manufactured from a 

combination of wire sizes, or wires with tubes, and of two different 

materials. The variations in design, manufacture, and shipment also 

affect the creep characteristics of conductor. These are discussed 

below. 

(a) The conductor design: Except in standardized designs 

each manufacturer has his own design pattern. Conductors from dif- 

ferent manufacturers may all meet the specified physical and mech- 

anical properties but their creep properties may be different. In 

additions the stranding (type and length of lays) of each conductor will 

influence the amount of energy required for stretching, thus influ- 

encing the configuration of the stress-strain curve. 

(b) The manufacturing method: The degree of the strand 

tightening, during and after the manufacturing, influences the creep 

characteristics of the conductor greatly. Loose stranding will 
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produce extra non-elastic elongation. 

(c) The shipping method: In order to ship and store conduc- 

tors in a practical way they are wound around a reel after manu- 

facturing. Conductors near the center of the reel have a smaller 

radius of curvature and keep this helical form after unwinding. 

During test, or under actual load, extra non-elastic elongation will 

occur due to the straightening of this curvature. 

6. The Effect of Load Change in Creep Strain 

If a conductor is stressed at a high load for a period of time, 

then the load is reduced, the creep strain will cease for a time. The 

delay period will last until the creep strain of the higher load cor- 

responds to the strain of the lower load, This delay period, which 

appears as a flat portion in the creep strain time curve, is called 

stable period. " After the stable period normal creep continues. 

The stable period can be controlled by means of a prestressing treat- 

ment such as a high load for a short time or a low load for a longer 

time. 

This stable period is of interest during the installing of con- 

ductors in transmission lines. Since the conductor starts to creep 

at the instant of being installed it is difficult to maintain equal sags 

between two conductors, This problem becomes more serious in 



bundle construction, or in matching new to old conductor, because 

small variations of a few inches between the sags of the conductors 

of one bundle can lead to undesirable power loss. This difficulty 

is overcome by means of prestressing. Having been prestressed 

the conductors will cease to creep for a certain period. Thus the 

conductors can be slacked off, sagged to required clearance, and 

be clipped in during this period. 
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IV. EXPERIMENTAL WORK 

1. The Equipment 

The complete equipment had been designed, built and cali- 

brated, before the experiments conducted for this thesis and have 

been completely described previously (7, p. 2-18). Hence, only a 

brief description will be given here. The complete setup is shown 

in Figures 3, 4, 5, 6, 7 and 8. 

(1) The temperature control: Variations in ambient tempera- 

ture cause the specimens and strain measuring instruments to expand 

and contract. These changes of dimension affect the test readings 

greatly. Therefore, the loading columns, specimens, and extenso- 

meters were housed in an air conditioned room. The temperature of 

this room was maintained within the range of 75 + 
30 F. 

(2) The deformation measuring equipment, The Extenso- 

meter: The gage length, over which strain measurements for each 

conductor were made, was 2MO inches. Two clamp blocks were placed 

at the ends of the gage length. The extensometer rod was held tightly 

at one end and its dial indicator was held at the other end (Figures 9 

and 10). These two clamp blocks were firmly clamped on the con- 

ductor. A slight tension was applied to the extensorrieter rod so that 

the dial indicator would indicate the value of either the extension or 
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Figure 3. Schematic Diagram of Conductor Creep Testing Equipment. 
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Figure 4. Exterior of Conductor Creep Testing Equipment. 
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Figure 6. Loading End of Conductor Creep Testing Equipment. 
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Figure 7. Take-Up End of Conductor Creep Testing Equipment. 

NJ 



( 

/ 
z;3 i] 

giiilI 

p, 2A 

.fl 

II/ 

bi 
Figure 8. Interior of Conductor Creep Testing Equipment. 

{Ji 



\ 



Figure 1 0. Closeup of Dial Gage Showing Tension Spring and Mounting Clamp. 

Ni 
-J 



the contraction of the conductor. The extensorneter rod was 

supported with nine supports clamped to the conductor in order to 

keep the rod in level position. The precision of measurement of 

the creep strain was 1O3 inches. 

(3) The loading method: Dead weight was applied to the 

specimen through a lever and linkage system. The exact lever 

load and lever ratio for each column are shown in Table Ill. These 

values were previously determined by calibration. 

Z. The Specimen and Its Installation 

All specimens were cut to 28 feet in length. Both ends were 

frayed and plastic fittings cast on in such a manner that all the 

individual strands were all gripped equally (Figures 11 and 12). 

This work was done by the Bonneville Power Administration. 

During shipping all specimens were covered and kept as 

straight as possible, Specimens, if reeled, would give variable re- 

suits. This will be discussed in the latter part of this thesis. 

In order to keep the specimens level without sag during the 

entire test, the specimens were supported with a series of chains. 

These chains were levelled as follows: The screw was removed 

from the take-up wheel. A transit was placed at the take-up end in 

such a manner that one could look from the eye-piece of the transit 
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Table Ill 

Lever Load and Lever Ratio 

ColumnNo. 1 2 3 4 5 6 

Lever Load: a1 769 745 788 752 741 725 

Lever Ratio: a2 20. 17 19.47 20.62 19.73 19.91 19.98 

The actual load to be applied to a specimen was calculated from the 
following formula: 

L-ai 
x= 

a2 

where: 

X = actual load applied to the conductor in pounds; 

L = load applied to the lever in pounds; 

a1 = lever weight in pounds; 

a2 = lever ratio. 

Lead slabs were used as dead weight. Each slab weighed 50 

pounds with an accuracy of ±0. 1 pound. Tare weights,made of lead 

shot, were also measured with an accuracy of +0. 1 pound. 



Figure 11. Closeup of Plastic End Fitting. 
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Figure 12. Cutaway of Plastic End Fitting. 
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through the hole in the plate to the hole of the lever end cover plate. 

A short metal cylinder, with the same diameter as the conductor 

and with the center marked, was hung on a chain. While looking 

through the transit,the cylinder was brought to the center of the 

column by adjusting the length of the chain and the height of the 

screw. The latter was measured with a levelling device shown in 

Figure 13. The length of the chain and height of the screw were 

recorded for each chain. In a similar manner all other chains were 

adjusted to positions where the conductors should be located. 

The specimen, with its protecting cover on, was inserted to 

the column from the take-up end after which the protective cover 

was removed. The specimen was connected to the take-up mechanism 

and load mechanism by bolts. All four bolts at each end were ad- 

justed to the same length so that every bolt took the same load and 

the specimen remained straight. 

The conductor was then raised to level position by means of 

levelling chains. The chains were hooked around the specimen with 

the same length as the levelling cylinder, and the screws were ad- 

justed to the same height as recorded. 

The gage length, nearly centered at midlength, was marked 

and the extensometer installed as outlined previously. 
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Figure 13. Position of Levelling Chains and Levelling Device. 
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3. Loading Procedure 

A. The Stress-Strain Test 

The stress-strain tests were conducted on samples which had 

never undergone stressing in order to establish the initial modulus 

of elasticity. Similar tests were conducted after completion of a 

creep test to establish the final modulus. 

Although the specimens were leveled by means of the levelling 

chains as described previously, the specimens were seldom actually 

straight. In order to straighten them so an accurate gage length 

could be measured, a small load, corresponding to the lever load 

(about 750 pounds). was applied. The initial load was different in 

each column because of variations in the testing machine mechanism. 

The gage length was measured with the specimen loaded to the initial 

load. 

The load was increased in approximately 2000-pound incre- 

ments at three-minute intervals up to about 2Z, 000 pounds for Chukar. 

arid 18, 000 pounds for Drake conductor. These values are 40 per- 

cent of the rated strength of each conducto. It took about 33 minutes 

for Chakar and 27 minutes for Drake to attain to the peak load, The 

specimen was then unloaded in 4000-pound increments at three- 

minute intervals down to lever load. The load was increased again 
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at 2000-pound increments at the same time inLerval to creep tension. 

It took 69 minutes and 55 minutes, respectively, to complete the tests 

of Chukar and Drake. All readings were take.n 30 seconds prior to 

load changes. 

B. The Long Time Creep 

Three different stages of loading were conducted during this 

test. They are (1) prestress loading, (2) unloading to creep load, 

and (3) the stress-strain loading after long time creep. 

Having ìnstalled the specimen, the lever load (about 750 

pounds) was applied to the conductor. The dial indicator was set to 

zero reading. Then half of the total prestressing load was applied 

on the lever within one minute. The full prestress load was applied 

and a strain reading taken at three minutes loading time. The take-up 

wheel was adjusted so that the lever was in a level position which 

indicated that the proper load had been applied. 

As soon as the prestressing period was over the conductor 

was unloaded to the creep tension load within one minute. 

During the entire prestressing and long time creep period 

(this period lasted more than 2000 hotirs), the readings of the dial 

indicator were taken according to a time schedule. The readings 

were taken at 0. 013 (1 minute), 0. 04 (3 minutes), 0. 067 (5 minutes). 
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0. 13 (10 minutes), 0. 25 (15 minutes), 0. 50 (30 minutes), 0.75 (45 

minutes), 1. l. 5, 2, 3, 4, 6, 8, 12, 16. 24, and 36 hours, and then 

every 96 hours until the end of the test. This time schedule was 

established to make readings at approximately equal increments on a 

log time scale. 

The last stage of loading was for stress-strain curve after the 

long time creep. The loading method was the same as that for the 

"Stress-Strain Test' except the starting load was creep load. It 

took 51 minutes to complete the last stage of test for each Expanded 

460KV conductor and 63 minutes for Chukar conductor. 
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V. RESULTS 

1. Discussion of the Graphs 

A. The Long Time Creep Curve 

Figures 14 to 25 show the long time creep curves. They pre- 

sent the relations between log time (hours) and log creep strain (in 

microinch per inch). 

This set of curves shows the amount of nonelastic elongation 

from creep, the nonelastic elongation due to pretension, and the non- 

elastic elongation due to creep tension. The specimen started to 

creep as soon as the prestress load was applied, After the specimen 

was unloaded to creep load the unit strain of the specimen decreased. 

However, the nonelastic elongation due to prestres sing remained 

in the specimen. Hence, the creep strair due to creep tension (C. T. 

was plotted in such a way that the last value of the prestressing was 

treated as the starting point of the creep train. 

All curves except the no - prestressing curves show three 

different stages of creep caused by prestressing. The first stage is 

from O. 1 hour to the end of the prestressing period. The creep rate is 

high at first, .then drops gradually. The high initial creep rate is 

due to strand settling and conductor straightening. The creep curve of 



a solid conductor of the same material would be a straight line on the 

log-log scale. 

The second stage of the curve is the flattened portion inimedi- 

ately after the prestressed period. For a certain length of time, 

which is called stable period, the conductor ceases to creep after the 

conductor load is decreased from prestres sing load to creep load. 

After this period the conductor continued to creep under the creep 

load. The stable period for each curve was determined by the fol- 

lowing method; The straight line of the third stage was extended until 

it intersected the creep strain horizontal corresponding to the strain 

at the load change. The length of the horizontal line from the load 

change to the point of intersection was taken as the stable period. lt 

is assumed that the conductor undergoes no change of dimension during 

this period. 

The third stage follows the stable period. Theoretically, the 

progress of the creep should follow a straight line with constant 

slope on a log-log scale. In an actual experiment, each reading 

scatters at the neighborhood of this straight line. The slope of this 

straight line was established by the least squares method. 

The curves of the experiments without prestressing show only 

two stages of creep, the initial creep and the final creep, However, 

the point of demarcation between these stages is not readily 



determined and is probably quite variable depending on conductor 

conditions such as tightness of stranding, reeling, and conductor 

design. 
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The data obtained from the experiment were treated in the 

following manner. From the test two different readings were ob- 

tamed: the time and the deformation of the conductor at that parti Cu- 

lar time. The value of deformation, obtained from the extensometer, 

was expressed in thousandths of an inch. This value included both 

elastic and nonelastic deformation, The "Unit Strain" was calculated 

by the following formula: 

Unit Strain = (G. R.) (1000)/ZOO 

where G. R. is the gage reading in thousandths of an inch, and ¿00 

inches is the gage length. The result (Unit Strain) of this equation 

will be in the unit of microinch/inch. 

"Creep Strain" is the term which represents the nonelastic 

deformation of the conductor. The reading of "three minutes,' 

while the full creep load or full prestress load was applied, was 

considered as zero "creep strain. " In other words, nonelastic elonga- 

tion was measured from this "three minutes" point. 

At the end of the prestressing period the prestressing load 

was removed but the nonelastic elongation still remained in the con- 

ductor. In the following discussion "Total Creep Strain" is the value 
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of the rionelas tic elongation caused by creep load plus the nonelastic 

elongation caused by the prestress load at the end of the test. 'Total 

Unit Strain is the total strain accumulated throughout the test. It 

includes all the elastic and plastic deformations which occurred 

during both the prestressing and creep stages. 

(1) Expanded 460KV Conductor: Manufacturer - Southern 

Electric Company. 

(a) Figure 14: X(SE)-l0O/1-20 

Prestress: None 

Total Creep Strain: ZOO microinch/inch 

Total Unit Strain: 1415. 5 microinch/inch. 

This curve is the basic creep curve. The creep tension (C. T. 

of this series of test (about ¿0 percent of the rated strength, R. S. 

82, 800 pounds ) was 14, 000 pounds. The creep rate was high at the 

beginning of the test because of effects of strand settling and con- 

ductor straightening. Then it decreased rapidly as these effects 

were removed. The final creep curve exhibits a straight line in this 

figure. 

(b) Figure 15: X(SE)-1Z5/l-2O 

Prestress: 1Z5 percent C. T. (17, 500 pounds) for 

one hour. 

Creep Strain after Prestressing: 39 rnicroinch/inch. 
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Unit Strain after Prestressing: 1661. 0 microinch/ 

inch. 

Total Creep Strain: 175. 0 rnicroinch/inch. 

Total Unit Strain: 1652. 0 microinch/inch, 

Stable Period: 6. Q hours. 

This curve is a typical creep curve with prestressing. lt 

shows clearly the creep strains in three different stages: The pre- 

stressing stage, the stable stage, and the long-time creep stage. 

The creep curve without prestress is also plotted in this figure. 

The curve X(SE)-125/l-20 tends to converge on the no-prestressing 

curve. 

(c) Figure 16: X(SE)-125/1-20-R 

Prestress: 125 percent C.T. (17, 500 pounds) for 

one hour. 

Creep Strain after Prestressing: 50. 5 rnicroinch/ 

inch. 

Unit Strain after Prestressing: 2680. 0 microinch/ 

inch. 

Total Creep Strain: 197. 0 rnicroinch/inch. 

Total Unit Strain: ¿671. 0 microinch/inch. 

Stable Period: 9. 0 hours. 

The test conditions for this specimen were the same as the one 
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in Figure 15, but this specimen was reeled before testing. This 

curve shows the significant difference in creep characteristics from 

the last curve. At the end of prestressing the unit strain of this 

specimen is 2680 microinch/inch which is about 161 percent of the 

not reeled one (1661 rnicroinch/inch). The creep strain at the end 

of 2000 hours is also greater. This curve, converged on the no-pre- 

stressing curve at about 1000 hours. 

(d) Figure 17: X(SE)-150/1-20 

Prestress: 150 percent C. T. (21, 000 pounds) for 

one hour. 

Creep Strain after Prestres sing: 56. 0 microinch/ 

inch. 

Unit Strain after Prestressing: 1886. 0 microinch/ 

inch. 

Total Creep Strain: 181. 5 microinch/inch. 

Total Unit Strain: 1 705. 0 rnicroinch/inch. 

Stable Period: ¿0 hours. 

This curve shows that a larger prestress load produces a 

higher creep strain and unit strain after prestressing. The high 

prestressing load also results in a long stable period (20 hours). 

This curve tends to converge on the no-prestress curve. 
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(2) Expanded 460Kv Conductor: Manufacturer - Aluminum 

Company of America (Wire Rope Design). 

(a) Figure 18: X(AWR)-125/1-Z0 

Prestress: 125 percent C. T. (17, 500 pounds) per 

one hour. 

Creep Strain after Prestres sing: 30. 5 rnicroinch/ 

inch. 

Unit Strain after Prestressing: 1806. 5 microinch/ 

inch. 

Total Creep Strain: 129. 0 microinch/inch. 

Total Unit Strain: 1722. 5 microinch/inch, 

Stable Period: 8. 3 hours. 

The creep rate of this specimen dropped after 1000 hours 

evidently because the lever became stuck causing the load on the 

conductor to drop off. The lever was raised and lowered slightly 

to free it after which the creep strain increased again and assumed 

its previous log-log rate. The dotted line indicates a normal creep 

curve. Data obtained after 500 hours were not used for least square 

calculation. 

(b) Figure 19: X(AWR)-150/l-20 

Prestress: 150 percent C.T. (21,000 pounds) for 

one hour. 
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Creep Strain after Prestressing: 39. 5 microinch! 

inch, 

Unit Strain after Prestressing: 1976. 5 n-iicroinch/ 

inc h. 

Total Creep Strain: 164. 0 microinch/inch. 

Total Unit Strain: 1705. 5 microinch/inch. 

Stable Period: 7. 0 hours. 

The creep strain dropped from 140 microinch/inch to 124 

microinch/inch during the period between 849 and 937. 9 hours. 

After this drop the creep rate remained as it was before. The 

reason for this drop is not known but is probably due to some mal- 

function of the lever. The broken line shows the adjusted curve 

which is almost parallel to the original one 

( 3) Chukar Conductor: Manufacturer - Kaiser Aluminum and 

Chemical Company. 

(a) Figure 20: C(K)-100/1-Z0 

Prestress: None 

Total Creep Strain: 338. 5 rnicroinch/inch. 

Total Unit Strain: 1225. 0 microinch/inch. 

This is the basic creep curve for Chukar conductor. The 

creep tension of this series of tests (20 percent of the rated strength. 

R. S. = 53, 600 pounds) was 10, 720 pounds. As compared with the 
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creep curves of the previous experiments, this curve appears nor- 

mal. 

(b) Figure 21: C(K)-125/1-20-1 

Prestress: 125 percent C. T. (13, 400 pounds) for 

one hour. 

Creep Strain after Prestres sing: 53. 5 microinch/ 

inch. 

Unit Strain after Prestressing: 1120. 0 microinch/ 

inch. 

Total Creep Strain: 292. 0 microinch/inch. 

Total Unit Strain: 1194. 0 microirich/irtch. 

Stable Period: 5 hours. 

This curve shows a significant effect of the prestressing. 

The conductor ceased to creep for five hours after the change from 

the prestressing to the creep load. At the end of the stable period, 

the amount of creep strain was about 14 microirich/inch lower than 

the no-prestressing curve. After this point the creep rate increased 

and the curve tends to converge on the no-prestressing curve. 

(c) Figure ¿2: C(K)-125/1-Z0-Z 

Prestress: 125 percent C. T. (13, 400 pounds) for 

one hour. 
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Creep Strain after Prestressing: 53. 5 microinch/ 

inch. 

Unit Strain after Prestressing: 1131. 0 microinch/ 

inch. 

Total Creep Strain: 282. 5 microinch/inch. 

Total Unit Strain: 1207. 5 microinch/inch. 

Stable Period: 6 hours. 

The test conditions of this specimen were the same as the 

specimen C(K)-125/l-Z0-1. However, this specimen is from a 

different reel. The creep strain of these two specimens after pre- 

stressing was almost the same. This specimen's stable period was 

longer, and the slope of the log-log curves was greater. This curve 

converges on the no-prestressing curve. 

(d) Figure 23: C(K)-1Z5/16-Z0 

Prestress: 125 percent C. T. (13, 400 pounds) for 

16 hours. 

Creep Strain after Prestressing: 140. 0 microinch/ 

inch. 

Unit Strain after Prestressing: 1235. 0 microinch/ 

inch. 

Total Creep Strain: 340. 0 microinch/inch. 

Total Unit Strain: 1270. 0 microinch/inch. 
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Stable Period: ¿8 hours. 

Owing to the long prestressing period, the creep strain in- 

creased to 130 microinch/inch after the 16 hour prestressing period. 

The stable period (28 hours) was also longer. This curve converged 

on the no-prestressing curve at about 1000 hours. 

(e) Figure ¿4: C(K)-125/-20 

Prestress: 125 percent C. T. (16, 080 pounds) for 

15 minutes. 

Creep Strain after Prestressing: ¿3. 0 microinch/ 

inch. 

Unit Strain after Prestressing: 1084. 0 microinch/ 

inch. 

Total Creep Strain: 229 microinch/inch. 

Total Unit Strain: 1102. 5 microinch/ inch. 

Stable Period: O. 36 hours. 

The results of this test do not agree with the results obtained 

from the previous experiments with the same percentage of pre- 

stressing load and prestressing period. The creep rate is exceeding- 

'y low after the prestressing period before the 100 hours. No ex- 

planation for this abnormality is offered. It might be due to the 

sticking of the linkage. The slope of the curve increased and became 

constant after 100 hours on this log-log plot. 



(f) Figure 25: C(K)-150/i-20 

Prestress: 150 percent C. T. (16, 080 pounds) for 

one hour. 

Several experimental difficulties were encountered during the 

early portion of this test. During the prestressing treatment the 

lever position indicator failed to op crate and the lever was raised 

beyond its trough so that the specimen was inadvertantly overloaded. 

The value of this overload is unknown. However, it did result in a 

high strain after prestres sing. At 12 hours of testing, it was dis- 

covered that the clamp block of the extensometer had become loose. 

Thus, all the readings before this point should be considered 

erroneous. From this curve we can learn only that creep rate be- 

comes constant after a certain amount of time. The results of the 

least square calculation are indicated by a dotted line on the curve. 

B. The Stress-Strain Curve 

In a perfectly elastic specimen Hooke's Law applies. lt is 

commonly known that transmission line conductors do not act in a 

perfectly elastic manner. Also, because the wires are not loaded 

perfectly axially, and their response to loading can only be conjec- 

tured, the actual stress developed in any part of the conductor cannot 

be determined. Nevertheless, it is useful to describe the action of a 
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conductor under test in the usual engineering terms. For example, 

over a certain portion of the loading cycle the relationship between 

load and strain may be linear. For this portion the relationship may 

be expressed as 

whe re 

P = the load on the conductor in pounds; 

E = the measured strain at load P; 

A = the cross section of the conductor which is a summation 

of the cross sections of the individual wires making up 

the conductor; 

E = the modulus of elasticity of the conductor. 

The value of the modulus is not usually very constant from 

one specimen to another even of the same type. This is because the 

measured strain is influenced by such things as the lay of the wires 

and how tightly the wires are bound together. In conductors of dif- 

ferent types the modulus also depends on the design, manufacture, 

and percentage of steel in the conductor. 

As stated in the loading procedure, the stress-strain test 

was carried on in three different stages, i. e. the conductor was 

loaded from lever load to about 40 percent of its rated strength, then 

unloaded to the lever load, and then reloaded to its creep tension. 
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Hence, the stress-strain curve of each 'id. ur also shows three 

different sections which describe the three diflcrent loading stages. 

From the graphs, we can see that there are two significant 

dissimilarities between the stress-straii curve of conductor and thi 

stress-curve of homogeneous metal. First, in the stress-strain 

curve of conductor, the slope of the unloading section is different 

from the slope of the loading curve. Second, the stress-strain 

curves of unloading and reloading at low stress are non-linear, whit' 

in the case of homogeneous metal, its stress-strain curve remains 

linear despite load change. 

These phenomena are due to the fact that the conductor itselt 

can be considered as a composite material. It is considered so 

not only because it is made of two different metals, but also its con.- 

struction is different from the construction of one single piece of 

homogeneous metal. The conductor is made of many Layers of 

stranded wires (steel and aluminum) helically laid together. The 

wires of each layer are of different length and curvature than the 

wires of other layers. The coil pitch and direction. of lay of each 

wire in any one layer are also different from the wires in other 

layers. Hence, the stress-strain relations of conductor can be ex- 

pected to be different from that of single piece homogeneous metal. 

In the first cases it is observed that the unloading section 
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shows a larger slope than that of the loading curve. Since the area 

between the stress-strain curve and the strain axis represents the 

work required to cause the deformation, it is obvious that the work 

released from the conductor during the unloading is less than the work 

stored during loading. The energy difference is denoted by the area 

between two curves which is called the hysteresis ioop. The existence 

of this energy difference is due to two different causes: (a) the 

friction loss- -when the conductor is stretched, relative motion 

occurs between the wires and energy is consumed to overcome the 

friction between wires; and (b) the plastic deformation--during 

stretching, some of the wires deform plastically as a result of strand 

settling and the strand tightening. The wires tend to move in an axial 

direction. In doing so, they become tightened around the underlying 

layers. This fact is denoted by the shrinkage of the conductor dia- 

meter. These events require energy, and energy thus consumed 

cannot be recovered during the unloading process. 

In the second case, the stress-strain curves of unloading 

and reloading flattens at very low load This is due to the fact that 

the helical coils of each wire are straightened to a certain extent be- 

fore any plastic deformation occurs when the conductor is first 

stretched. This straightening phenomenon is very much similar to 

the stretching of a helical spring or a group of concentric springs. 
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Less load is required to straighten the coil than the load required to 

deform the conductor material in tension. Thus, the slope of the low 

stress portion of the stress-strain curve becomes smaller. As load 

increases, the elasticity of each metal element prevails. Then the 

deformation of the conductor follows the Hookes law, and the stress- 

strain curve becomes a straight line. 

Six specimens (three Chukar and three Drake) were used for 

conducting stress-strain test. 

(1) The Chukar Conductor: Manufacturer - Kaisei 

Aluminum and Chemical Company. 

The curves (Figures ¿6, 27 and ¿8) obtained from the three 

Chukar experiments give approximately the same result. The con- 

figurations of all curves are identical. 

Figure 26 shows the curve of a conductor which was loaded 

twice at the first stage during the test, The broken line denotes the 

first loading. The first loading was stopped 15 minutes after the 

beginning of the test because it was noticed that the linkage did not 

have full bearing. The specimen was then unloaded to the lever load 

The test was started again after adjusting the bearing. It is clearly 

shown in Figure 26 that the curve shifts upward, which indicates that 

higher strength is required to obtain the same strain of the first 

loading. This deviation indicates that a conductor, being stretched 
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and being partly strand set, requires more energy to deform. 

(Z) The Drake Conductor: Manufacturer - The Southern 

Electric Company. 

Figures ¿9, 30 and 31 show the stress-strain cu:ves of three 

Drake conductors. They reveal the similar configuration of the other 

type conductors, except the second loading part of Figure ¿9, The 

diameter, hence the cross section, of Drake is smaller than the 

diameter of the other type conductors. Thus the slopes of these 

curves are smaller than the slopes of the other type conductors, 

since the load-strain ratio in our case is a function of the cross 

section area. (Note: These three curves were drawn in different 

scale from Chukar conductor. 

Figure 31 shows the curve of conductors from different reel 

The smaller slope of the curve indicates that the specimen was un- 

wound from the inner part of the reel. The radius of curvature was 

small which caused the specimen to retain some of its reeled 

helical shape. Thus this specimen produced larger elongation when 

under tensile load. 

C. The Stress Strain and Creep Curve 

Figures 3Z to 43 show the stress-strain and creep curves. 

Each curve expresses the test history of the respective specimen. 
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The first part of the curve denotes the stress-strain relation 

between the lever load and the prestress load. The "one minute' 

point shows that the stress-strain relations of most specimens be- 

tween the lever load and the prestress load are non-linear. 

The second part of the curve denotes the total non- elastic 

elongation due to pre-stres sing load and creep load. The last part of 

this curve demonstrates the result of the stress strain relation after 

the long time creep. The maximum loads for the stressstrain test 

were 40 percent of the rated strength. 

(1) The X(SE) Group: 

Figures 32 to 35 show the stress-strain curves of Expnaded 

460KV conductors manufactured by Southern Electric Company. 

These four curves demonstrate that they have almost the same con- 

figurations. 

Figure 34 shows the results obtained from a reeled conductor. 

The specimen was subjected to the same testing condition as the speci- 

men in Figure 33. It demonstrates clearly the significant effect of 

straightening during testing. The strain data obtained from the 

reeled conductor reveal much higher strain than those from not reeled 

conductor. Nevertheless, the values of nonelastic elongation due to 

prestressing load and creep load are about the same. 
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(2) The X(AWR) Group: 

These two curves (Figures 36 and 37) demonstrate that they 

are normal stress-strain and creep curves. 

(3) The Chukar Group: 

Figures 38 to 42 demonstrate normal testing results. 

Figure 43 shows the stress-strain and creep curve of the 

specimen which was ove r!oaded during prestressing, and on which 

the clamp block of the extensometer became loose at i Z hours of 

test. The specimen crept under the overload prestressing condition 

from 3 to 15 minutes. When the load was released by means of 

cranking back to the levelling position, the cable contracted during 

the interval between 15 and 30 minutes. lt started to creep again at 

30 minutes. The value of the percent strain at the end of the pre- 

stressing period (60 minutes) was even lower than the value at 15 

minutes. Hence, the data obtained for the complete prestressing 

period are not reliable. The loosened extensometer clamp block 

apparently slid along the specimen which gave a lower reading than ti 

should have, 

The configuration of the stress-strain curve after creep of 

this test is similar to the other curves. Because the clamp block 

slid back for a certain unknown distance the reading of the strain 

went negative at the lever load. 
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A hypothetical adjustment has been made to this curve. 

Assume the unit strain of the stress-strain curve at the lever-load 

is approximately the value of the total non-elastic strain, And assume 

the non-elastic strain of the prestressing period is about the same as 

the value of 125 percent C. T. prestress. In this case, 00, 00535 per- 

cent was assumed for the prestress creep. The total non-elastic 

elongation was assumed to be 0. 00535 + 0. 01765 0, 0230 percent. 

A distance of 0. 0230 percent was measured to the left of the unit 

strain of the lever load. This point (which now is -0. 36 percent) is 

the hypothetical zero of the adjusted coordinate. Measuring from 

this zero coordinate, we plot the 'one minute" point of the prestressing 

curve in a new position. Connecting this adjusted "one minuteH 

point with the adjusted "three minutes" point, it is seen that this 

line is almost in parallel with the line between the '60 minutes" and 

"61 minutes" points. Hence,the assumption might be considered close 

to the actual case. 

All adjusted curves are plotted in broken lines. 

D. The Superimposed Curves 

Figures 44 to 49 show the superimposed curves of X(SE) and 

X(AWR) conductors. There are two different curves in these figures. 

The full line curve in each figure denotes the stress-strain cur'e for 
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the conductor tested at Oregon State University (OSU). The limited 

capacity (23, 000 pounds) of the OSU equipment made it impossible to 

stress the conductors to the desired 40 percent of the rated strength 

(28, 000 pounds). Therefore,the conductors were shipped to the 

laboratory of the Aluminum Company of America (ALCOA) for further 

stress-strain testing. The results obtained from the ALCOA test are 

shown as a broken line in these figures. 

(1) Figure 44: This figure shows the two stress-strain 

curves (by OSU and ALCOA) of ALCOA Wire Rope 460KV Expanded 

conductor. These two sets of curves have almost the same slope at 

high load, but the ALCOA curve is shifted to the left. Possible 

causes for this difference between the ALCOA and OSU tests are: 

(a) A part of the strands of ALCOA specimen had been set during 

the OSU test in which the maximum load was ¿2, 000 pounds, (b) 

The ALCOA loading time-intervals were different from OSU. The 

time-intervals for the first part of loadings were one minute between 

each 2, 000 pound increment of load. After eight minutes (16, 000 

pounds) the time intervals were changed to three minutes. This 

interval was maintained until the peak load (28h 000 pounds) was 

reached, The unloading intervals were three minutes for every 

4, 000 pounds until 12, 000 pounds. Then the unloading intervals were 

changed to one minute for every 4, 000 pounds down to the lever load 



Then the specimen was loaded at one minute intervals for every 

Z, 000 pounds until 14, 000 pounds, The comparatively shorter 

loading and unloading intervals at lower load (OSU interval was 

three minutes through the complete test) stretched the cable less. 

Consequently, the entire ALCOA curve lies at the left of the OSU 

curve. 

(Z) Figure 45: This figure shows the two stress-strain 

curves (by OSU and ALCOA) of Southern Electric 460KV Expanded 

conductor. The slopes of the two curves are alike. But the slope of 

the ALCOA curve at low load of the first loading is much lower. 

Therefore, this curve was shifted to the right of OSU curve. This 

fact is hard to explain. It is possible that this specimen may have 

been bent during shipment from OSU to ALCOA. 

(3) Figures 46 and 47: These two figures show the relative 

positions of the following three curves: (a) the OSU stress-strain 

and creep curve, (b) the ALCOA stress-strain curve of the specimen 

after OSU stress-strain, and (c) the ALCOA stress-strain curve of 

the specimen after OSU creep test. Curves (b) and (c) lie at the left 

of curve (a). The explanation of this event is the same as paragraph 

D, (1). 

( 4) Figures 48 and 49: These figures show the same curves 

as in Figures 46 and 47 respectively. But the two ALCOA curves are 
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shifted purposely to the required position. Curve (b) is shifted so 

that the loading section matches the loading section of the prestres sing 

curve, and curve (c) matches the loading curve of the after-creep- 

stress - strain curve. 

The significance of this figure is that they show the relation- 

ship between the non-elastic stretch from creep and from other extra 

loads such as ice and wind loads. In the particular case of Figure 48, 

having taken the maximum wind and ice load, the conductor will 

creep O. 0185 percent more in addition to the long time creep. 

The area between the loading and unloading curves, as 

mentioned before, den.otes the energy consumed. A part of the 

energy goes to the strand setting. Therefore, the energy consump- 

tion will become less and less for each subsequent loading and 

unloading cycle. In a climate where frequent icing is experienced 

each icing and melting cycle will increase the deformation. 

z. The Equations Representing Observed Data 

It has been shown in the early part of this thesis that the 

creep-strain-time curve appears as a straight line in log-log scale. 

It can be represented by the formula: 

e = 

wh e r e 
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e strain, 

t = time; 

B and n = constants. 

This equation can be written in log form: 

log e = log B 1- n log t. 

Elementarily, this formula is a straight line equation represented 

by 

y = a + bx. 

In this equation, "x and "y" are determined from experiment, and 

"a" and "b" evaluated by means of least-square equations. It is safe 

to assume the readings 0f all 'x' values (which represent time) 

were accurate, and "y" values (the creep strain) might be subject to 

error. Then, att and "b" can be calculated from the equations: 

a= 
Nx2 -(x)2 

b= 
NExy -Exy 

- 

where 

NT is the number of points selected (15, p. 240). 

In this thesis, all points were selected in the following 

manner: ( i ) they were selected from the portion which appears to be 

straight line in the graph, and (Z) every other point in the curve was 
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selected for this analysis. 

These formulae were used to find strain beyond the testing 

period by means of extrapolation. As discussed in the earlier part 

of this thesis, extrapolations beyond ten times of the testing period 

are not recommended, The values of 10, 000 hour creep strain has 

been calculated from these equations. 

3. Discussion of Data 

All results are presented in tabular form as shown in 

Table 1V. 

The values of creep strain after prestressing were determined 

by methods described in paragraph VII-1. The data of creep strain 

after long time creep were the amounts of non-elastic elongations be- 

tween the end of prestressing periods and the end of tests. The total 

creep strains were the summations of these two readings. These 

data reveal that conductors subjected to one-hour prestressing treat- 

ments (the prestressing tension was either 150 percent of creep ten- 

sion or 125 percent) will result in less total creep strain than con- 

ductors without prestressing. Only 1Z5 percent creep tension for 

16 hours resulted in a larger total creep strain. 

The two specimens of X(SE) conductors under the same testing 

conditions produced different creep strains after the prestressing 
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period because of different initial specimen conditions. The amount 

of creep strain after prestressing of the reeled specimen was about 

128 percent of that of the not reeled specimen. However, the dif- 

ference between their creep strain after long time creep was very 

small. 

The initial specimen conditions also affected the total unit 

strain. At the end of creep test the unit strain of the reeled or 

heavily bent specimen was 162. 5 percent of that of the not reeîed 

specimen. 

The larger the prestress load, or the longer the prestres sing 

time, or both, will result in a longer stable period. 

The no-prestressing creep curves exhibit the smallest slope 

(as expressed by the value 'n) as compared with the prestressing 

creep curves. This result does not agree with previous experiments 

(1.1, p. 15). Among the test data from prestressed specimens, the 

higher the prestressing load or the longer the prestressing time, 

the smaller the creep curve slope. 

The data for creep strain after 10, 000 hours, as calculated 

from the least square equations, demonstrate that the Expanded 

460KV conductors creep much less than the ACSR Chukar conductors. 

Although the creep tensions for different types of conductor 

were all of the same percentage (20 percent) of the rated strength, 
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the average stress on the material was different. For a conducto: 

made of wires of the same material, such as X(AWR), stress on 

each wire is calculated by dividing the load by the summation of the 

areas of the individual wires. For a conductor made of aluminum 

wires and steel wires, such as X(SE) and ACSR, the stress on each 

wire is the function of its cross section area and its Young' s modulus. 

ACSR is designed in such a way that the steel wires take a higher 

load than the aluminum wires, hence, higher stress is produced in 

steel wire. The stress on each different material can be calculated 

from the following derivation. 

Let: 

P = total load on a conductor; 

A total cross section of a conductor; 

P5 = percentage of load taken by all steel wires; 

a 
percentage of load taken by all aluminum wires; 

A = total cross section area of all steel wires; 
s 

A = total cross section area of ail aluminum wires; a 

E5 = Young's modulus of steel; 

Ea Young' s modulus of aluminum; 

SS = unit stress of steel wires; 

Sa unit stress of aluminum wires, 

L = length of conductor. 
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In our case, 

P -i-P =1 (1) 
s a 

Since the aluminum wires deform the same amount as the steel 

wires under load, therefore 

PL PL s a 
2 AEAE 

S a a 

Equations (1) and (Z) can be solved simultaneously. The results will 

be 

P= 
s 

and 

i 

AE aa 
AE + 
SS 

i 

A 

3A5 + 

i i 

a AE 3A s s s +1 +1 
AaEa A 

The stresses in steel and aluminum are 

S5 = P/As 

and 

S =P /A a a a 

Results of calculations based on the above equations are shown in 

No. 5 and No. 6 of Table V. It is apparent that the unit stresses in 

both the steel and the aluminum wires of Chukar are higher than that 

of X(SE). The higher stress may be a reason which causes higher 

creep strain after iO, 000 hours, since the creep rate is a function of 
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stress (see paragraph iII-3). The stresses in the wires of Drake 

are greater than the stresses in the wires of Chukar. This also 

explains why the slope of the load-strain curve of Drake is si-nailer 

than that of Chukar (see paragraph V-l-B). If we consider that the 

load is distributed uniformly throughout the entire cross section of 

conductor (including both the steel and aluminum), we can see that 

the differences of the average stresses (P/A) among these conductors 

are even more significant (see No. 7 and No. 8 of Table V). 



Table IV 

Test Results 

Specimens 

Creep 
After 

Prestressing 

Strain (Microin/in) 
After Long 
Time Creep Total 

Total Unit 
. Strain 

(Microin/in) 

Stable 
. Period 

(Hour) 

Constants forE=Bt 

B 

n 

n 

10, 000 Hours 
Creep Strain 
(Microin/in) 

X(SE)-lOO/l-20 - 200.0 200.0 1415.5 - 34.341 0.222 264.82 
X(SE)-125/l-20 39.0 136.0 175.0 1652.0 6.0 25.016 0.215 239.54 
X(SE)-125/l-20-R 50.5 136.5 197.0 2671.0 9.0 29.401 0.242 273.35 
X(SF)-l5O/ l-20 56. 0 125. 5 181. 5 1705. 0 20. 0 27. 585 0. 234 238.42 

X(AWR)-125/l-20 30.5 98.5 129.0 1722.5 8.3 14.154 0.310 244.59 
X(AWR)-l50/ 1-20 39.5 125. 5 164. 5 1705. 5 7. 0 21. 587 0. 278 280. 14 

C(K)-l0O/1-20 - 338.5 338.5 1225.0 - 46.061 0.260 502.13 
C(K)-125/l-20-1 53.5 238.5 292.0 1194.0 5.0 31.861 0.284 437.30 
C(K)-125/1-20-2 53.5 229.0 282.5 1207.0 6.0 29.983 0.297 447.65 
C(K)-125/16-20 140.0 200.0 340.0 1270.0 28.0 61.641 0.233 526.38 
C(K)-125/1/4-20* 23.0 206.0 229.0 1102.5 0.36 6.988 0.458 471.85 
C(K)-150/l-20* - - 176.5 792.0 - 9.764 0.301 326.27 

* The data of these two specimen are not reliable. 



Table V 

Stress Distribution 

XtAWR) XSE) CHUKAR DRAKE 
No. Unit Al Steel Al Total Steel Ai Total Steel Al Total 

1. Cross Section Area in. 2 2.291 0. 196 2. 106 2.232 0. 1138 1.398 1.5118 0. 1017 0.6244 0.7261 
100 0.085 0.915 1.000 0.075 0.925 1. 000 0. 141 0. 859 1. 000 

2. Load Distribution % 0.218 0.782 1.000 0. 196 0. 804 1.000 0.328 0. 672 1.000 

3. Load Distribution at 
40% R. S. lbs. 28, 000 6, 100 21,900 28, 000 4, 210 17, 230 21, 440 4, Ó90 8, 390 12, 480 

4. Load Distribution at 
20% R. S. lbs. 14, 000 3, 050 10,950 14, 000 2, 105 8,615 10, 720 2,045 4, 195 6, 240 

5. Stress at 40°/b R. S. psi 12, 320 31, 100 10, 400 - 36, 200 12, 350 - 40, 200 13, 450 - 

6. Stress at 20% R. S. psi 6, 160 15, 000 5, 200 - 18, 100 6, 175 - 20, 100 6, 725 - 

7. Average Stress at 40% 

R. S. psi 12, 320 - - 12, 150 - - 14, 150 - - 17, 150 

8. Average Stress at 20% 

R. S. psi 6, 160 - - 6, 075 - - 7, 075 - - 8, 575 

o' 
-J 



VIII. CONICLUSIONS 

1. The stable period is directly affected by the prestressing load 

and time. It increases with the increase of the prestress load: 

with an increase of time, or both. 

The long time conductor creep has little or no influence on the 

slope (E) of the conductor stress -strain curve. 

3. The repeated temporary load (wind and ice) will increase the 

non-elastic elongation of a conductor. 

4. The creep curve of the prestressed conductor tends to converge 

to the creep curve of no-prestres sed conductor after the stable 

period. 

5. The initial creep strain will increase if the conductor is reeled. 

6. The total unit strain of a conductor will increase when a 

specimen is reeled or severely bent. 

7. Strand settling and specimen straightening will cause the stress- 

strain curve to shift to the right of a stress-strain curve of a 

homogeneous material. The configuration and the slope of the 

stress-strain curve are only slightly influenced by the se effects. 

8. A hysteresis loop which exists between the stress-strain curve 

of loading and the curve of unloading indicates the energy loss 

during loading and unloading the material 



9. Under the same test condition, the Expanded 460 KV conductor 

creeps less than the ACSR Chukar conductor. 
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IX. RECOMMENDATIONS 

1. There should be at least one sixteenth of an inch distance 

between the two pieces of each extensometer clamp block. 

Otherwise, the shrinkage of the conductor diameter will cause 

the clamp blocic to slide along the conductor and introduce 

errors in strain readings. 

More cycles of loading and unloading are desired jn order 

to find the effect of the repeated wind and ice load on the con- 

ductor. 

3. Whenever the specimen is sent to another laboratory for 

further study a similar loading procedure should be adopted 

so that the results can be compared. 
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Table VI 

Creep and Final Stress Strain Test Data 

SUBJECT: Creep Test of 460KV Conductor X(SE)-100/1-20 
BY: O. G. Paasche. P. F. Winkelmen. L. M. Wilson and Y. S. Shen 
DATE: June 13, 1962 to October 3, 1962 PRETENSION: None 
CREEP TENSION: 20 R. S. (14, 000 pounds) TOTAL TESTING TIME: 2674.6 Hours 
GAGE LENGTH: 200 inches TEMPERATURE: 75 + 2° F 

Elapsed Time Gage Reading Creep Strain Unit Strain 
Flours 0. 001 in. Microin/in. Microm/in. 

o O O 

I min 206.2 1031.0 
3 min 243. 1 0 12 15. 5* 

5 min 244.0 4.5 1220.0 
10mm 245.3 11.0 1226.5 
l5min 245.6 12.5 1228.0 
30mb 247.0 19.5 1235.0 
4Smin 247.9 24.0 1239.5 

I 249.6 32.5 1248.0 
1.5 249.7 33.0 1248.5 
2 250. 1 35. 0 1250. 5 

3 250. 9 39. 0 1254, 5 

4 252.1 45.0 1260.5 
6 253.8 53.5 1269.0 
8 254.2 55.5 1271.0 

12 255.2 60.5 1276.0 
16 256. 1 65. 0 1280. 5 

24 257.3 71.0 1286.5 
38 258. 8 78. 5 1294. 0 
49. 5 258. 9 79. 0 1294. 5 

73.5 260.9 89.0 1304.5 
97. 5 262. 0 94. S 1310.0 

121.5 262. 1 95.0 [310.5 
145.5 263. 2 100. 5 t316. O 

169.5 264.6 107.5 1323.0 
265.7 266.8 118.5 [334.0 
360.9 268.2 125.5 1341.0 
469.6 270.0 134.5 1350.0 
563.1 271.2 140.5 1356.0 
659.9 271.7 143.0 1358.5 
747.5 273.0 149.5 1365.0 
849.5 273.9 154.0 1369.5 
938.4 274.1 155.0 1370.5 

1043.5 274.8 158.5 1374.0 
1139.5 275.4 161.5 1377.0 
1248.8 276.9 169.0 1384.5 
1331.0 277.2 170.5 1386.0 
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Table VI (continued) 

Elapsed Time 
Hours 

Gage Reading 
0.001 in. 

Creep Strain 
Microin/in. 

Unit Strain 
Microin/in. 

1416.6 277.9 174.0 1389.5 
1523.7 277.9 174.0 1389.5 
1622.9 278.1 175.0 1390.5 
1716.2 279.0 179.5 1395.0 
1813.9 279.3 181.0 1396.5 
1992.3 280.3 186.0 1401.5 
2122.7 280.5 187.0 1402.5 
2212.6 281.5 192.0 1407.5 
2454.4 282.6 197.5 1413.0 
2553.4 282.7 198.0 1413.5 
2674.6 283. 1 200.0 1415.5 

*Half Load; 10, 854 pounds. 

Final Stress Strain 
(October 3, 1962) 

Elapsed Time 
Minutes 

Conductor Tension 
Pounds 

Gage Reading 
0.001 in. 

Unit Strain 
Microin/in. 

0* 14, 000 283. 1 1415.5 
3 16,892 311.0 1555.0 
6 18, 941 329. 8 1649.0 
9 20,933 349.3 1746.5 

12 22, 929 368. 6 1843. 0 
15 20,933 351.8 1759.0 
18 16,892 316.8 1584.0 
21 12, 856 280.2 1401.0 
24 8,808 242.8 1214.0 
27 4,772 204.4 1022.0 
30 769 129.8 649.0 
33 2,768 171.9 859.5 
36 4, 772 198.7 993. 5 

39 6,793 219.6 1088.0 
42 8,808 239.2 1196.0 
45 10,821 258.8 1294.') 
48 12, 856 277. 1 1385. 5 

51 14,000 288.2 1441.0 

* 2674. 6 hours = O minutes. 
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Table VII 

Creep and Final Stress Strain Test Data 

SUBJECT: Creep Test of 460KV Conductor X(SE)-125/1.-20 
BY: O. G. Paasche. P. F. Winheirnen, L. M. Wilson. and Y. S. Shen 
DATE: June 13, 1962 to October 4, 1962 PRETENSION: 125% C. T. - 17, 500 pounds 

PRETENSION TIME; 1 hour CREEP TENSION: 20% R. S. - 14,000 pounds 
TOTAL TESTING TIME: 2693.8 hours GAGE LENGTh: 200 inches 
TEMPERATURE: 75 + 2° F. 

Elapsed Time 
Hours 

Gage Reading 
0.001 in. 

Creep Strain 
Microin/in. 

Unit Strain 
Microin/in. 

o o o 

I min 242.6 [213.0* 
3 min 324. 4 0 1622. 0 

s min 325. 6 6. 0 [628. 0 

10 min 328.9 22. 5 1644. 5 

15 min 329.5 25.5 16475 
30 min 33 1. 2 34. 0 1656.0 
45 min 331. 5 35. 5 1657.5 

1 332.2 39.0 1661.0 
i 303.1 39.0 [515.5 
1.5 303.2 39.5 1516.0 

2 303.9 43.0 [519.5 
3 304.2 44.5 [521.0 
4 304.0 43.5 1520.0 
6 304.0 435 1520.0 
8 304.8 47.5 1524.0 

12 305. 9 53. 0 1529. 5 

16 306. 2 54. 5 1531.0 
24 307. 0 58. 5 [535. 5 

35.7 307.9 53.0 1539.5 
47. 2 308. 0 67. 5 1540. 5 

71.2 309.8 72.5 1549.0 
95.2 310.4 75.5 [552.0 

119.2 311.2 79.5 1556.0 
143.2 312.2 84.5 1561.0 
167.2 313. 1 89.0 1565.5 
263.5 314.8 97.5 1574.0 
358.7 316.6 106.5 1583.0 
467.4 317.4 111.0 1587.5 

560.9 319.0 118.5 1595.0 

6577 318.8 117.5 [594.0 
745.3 320.7 126.5 1603.5 
847. 3 321. 1 128. 5 1605. 5 

936.2 322.0 134.0 1610.0 
1041.3 322.4 136.0 1612.0 
1137.3 322.9 138.5 1614.5 
1246.6 324.5 146.5 [622.5 
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Table VII (continued) 

Elapsed Time 
Hours 

Gage Reading 
0.001 in. 

Creep Strain 
Microin/in. 

Unit Strain 
Microin/in. 

1328.8 324.8 148.0 1624. 0 

1414.4 325.2 150.0 1626.0 
1521.5 324.9 148.0 1624.5 
1620.7 325. 2 150.0 1626.0 
1714.0 326 8 157.5 1634.0 
1810.7 326.8 157.5 1634.0 
1990.1 327.9 158.0 1634.5 
2120.4 328.0 163.5 1640.0 
2210.3 328.8 167.5 1644.0 
2452. 1 330.0 173.5 [650. 0 

2551.2 330.1 174.0 1650.5 
2672.4 330.2 174.5 (551Q 
2693.8 330.4 175.0 1652.0 

*Half Load = 10, 617 pounds. 

Final Stress Strain 
(October 4, 1962) 

Elapsed Time 
Minutes 

Conductor Tension 
Pounds 

Gage Reading 
0.001 in. 

Unit Strain 
Microin/in. 

c» 14,000 330.4 1652.0 
3 16,540 352.3 1761.5 
6 18,510 370.8 1854.0 
9 20,480 389.4 1947.0 

12 22,460 407.3 2036.5 
15 20,480 391.2 1956.0 
18 16,540 358.7 1793.5 
21 12, 560 324. 7 1623.5 
24 8,644 289.8 1449.0 
27 4,600 240.3 1201.5 
30 752 164.1 820.5 
33 2,725 204.3 1021.5 
36 4,600 232.0 1160.0 
39 6,670 257.6 1288.0 
42 8, 644 281.4 1407.0 
45 10, 620 300.9 1504.5 
48 12,560 318.7 1593.5 
51 14,000 332.7 1663.5 

*0 minutes = 2693. 8 hours. 
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Table VIII 

Creep and Final Stress Strain Test Data 

SUBJECT: Creep Test of 460KV Conductor X(SE)-125/1-20-R 
BY: O. G. Paasche, P. F. Winkeirnen. L. M. Wilson and Y. S. Shen 
DATE: June 13, 1962 to October 6, 1962 PRETENSION: 125% C. T. - 17, 500 pounds 
PRETENSION TIME: 1 hour CREEP TENSION: 209 R. S. - 14, 000 pounds 
TOTAL TESTING TIME: 2741.9 hours GAGE LENGTH: 200 inches 
TEMPERATURE: 75 + 2° F. 

Elapsed Time 
Hours 

Gage Reading 
0.001 in. 

Creep Strain 
Microin/in. 

Unit Strain 
Microin/in. 

o o o 

1 min 429.3 2146.5 
3 min 525.9 () 2629. 5* 

s min 527.9 10.0 2639.5 
10mb 529.7 19.0 2648.5 
15mm 531.3 27.0 2656.5 
30mm 533.1 36.0 2665.5 
45 min 535. 0 45. 5 2675.0 

I 536.0 50.5 2680.0 
i 504. 9 50. S 2524. 5 

1.5 504.0 46.0 2520.0 
2 504.9 50.5 2524.5 
3 505.4 53.0 2527.0 
4 505.8 55.0 2529.0 
6 505.8 55.0 252).O 
8 506.1 56.5 2530.5 

12 507.0 61.0 2535.0 
16 507.8 65.0 2539.0 
24 508.9 70. 5 2544.5 
36.2 509.9 75.5 2549.5 
47.7 509.9 75.5 2549.5 
71.7 511.8 85.0 2559.0 
95.7 512.9 90.5 2564.5 

119.7 513.7 94.5 2568.5 
143.7 514. 1 96.5 2570.5 
167.7 515.2 102.0 2576.0 
264.1 517.7 114.0 2588.0 
359.3 519.0 121.0 2595.0 
468.0 520.6 129.0 2603.0 
561.5 522.0 136.0 2610.0 
658.3 522.0 136.0 2610.0 
745.9 523.9 145.5 2619.5 
847.9 524.4 148.0 2622.0 
936.8 525.3 152.5 2626.5 

1041.9 525.8 155.0 2629.0 
1137.9 526.3 157.5 2631.5 
1247.2 528. 1 166.5 2640. 5 
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Table VIII (continued) 

Elapsed Time 
Hours 

Gage Reading 
0.001 in. 

Creep Strain 
Microin/in. 

Unit Strain 
Microin/in. 

1329.4 528.3 167.5 2641.5 
1415.0 528.8 170.0 2644.0 
1522.1 528.6 169.0 2643.0 
1621.3 529.5 173.5 2647.5 
1714.6 530.1 176.5 2650.5 
1811.3 530.2 177.0 2651.0 
1990.7 531.4 183.0 2657.0 
2121.1 531.5 183.5 2657.5 
2211.0 531.8 185.0 2659.0 
2452.2 533.8 195.0 2669.0 
2551.9 533.9 195.5 2669.5 
2673.1 S34.0 196.0 2670.0 
2741.9 534.2 197.0 2671.0 

*Half Load= 10, 415 pounds. 

Final Stress Strain 
(October 6, 1962) 

Elapsed Time 
Minutes 

Conductor Tension 
Pounds 

Gage Reading 
0. 001 in. 

Unit Strain 
Microin/in. 

0* 14,000 535.0 2675.0 
3 16,230 556.0 2780.0 
6 18,170 576.0 2880.0 
9 20,100 595.3 2976.5 

12 22,040 614.9 3074.5 
15 20, 100 598. 8 2994.0 
18 16, 230 565. 2 2826.0 
21 12,350 528.3 2641.0 
24 8,480 483.9 2419.5 
27 4,600 438.8 2194.0 
30 725 275.5 1377.5 
33 2,633 387.9 1939.5 
36 4,600 426.0 2130.0 
39 6,450 451.0 2250.0 
42 8, 480 473.6 2368. 0 

45 10,420 497.2 2486.0 
48 12,350 519.5 2597.0 
51 14,000 536.4 2684.0 

*0 minutes 2579.0 hours, 
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Table IX 

Cre2p and Final Stress Strain Test Data 

SUBJECT: Creep Test of 460KV Conductor X(SE)-l50/l-20 
BY: O. G. Paasclie. P. F. Winkeimen. L. M. Wilson and Y. S. Shen 
DATE: June 13, 1962 to October 6, 1962 PRETENSION: 150% C. T. - 21, 000 pounds 
PRETENSION TIME; 1 hour CREEP TENSION: 20 R. S. - 14,000 pounds 
TOTAL TESTING TIME: 2741. 2 hours GAGE LENGTh: 200 inches 

TEMPERATURE: 75 2° F. 

Elapsed Time Gage Reading Creep Strain Unit Strain 
Hours 0,001 in. Microin/in. Microin/in. 

o o o 
i min 246.0 1230.0' 
3 min 366.0 0 1830.0 
5 min 368.7 13.5 1843.5 

10 min 370. 9 24. 5 1854. 5 

15 min 372. 8 34. 0 1864.0 
30 min 375.8 49.0 1879.0 
45 min 377. 1 55. 5 1885.5 

1 377.2 56.0 1886.0 
I 315.9 36.0 1579.5 
1.5 315.9 56.0 1579.5 
2 315.9 56.0 1579.5 

3 316.7 60.0 1583.5 

4 316.7 60.0 1583.5 
6 317.4 63.5 1587.0 

8 316.7 óo.0 1583.5 
12 317.5 64.0 1587.5 

16 318.2 67.5 1591.0 
24 318. 8 70. 5 1594.0 
36 319.5 74.0 1597.5 

47.5 319.5 74.0 1597.5 
71.5 320.9 81.0 1604.5 

95.5 321.9 86.0 1609,5 
119.5 322.2 87.5 1611.0 
143.5 323.0 91.5 1615.0 
167.5 323.8 95.5 1619.0 
263.6 325.3 103.0 1626.5 
358.8 327.0 111.5 1635.0 
467.5 327.9 116.0 1639.5 

561.0 329.2 122.5 1646.0 

657.8 329. 1 122.0 1645.5 

745.4 330.9 131.0 1654.5 

847.4 331.3 133.0 1656.5 
936.3 332.2 137.5 1661.0 
1041.4 332. 7 140.0 1663. 5 

1137.4 333.1 142.0 1665.5 
1246.7 334.5 149.0 1672.5 



Table IX (continued) 

Elapsed Time 
Hours 

Gage Reading 
0.001 in. 

Creep Strain 

MicToin/in. 

Unit Strain 
Microin/in. 

1328.9 334.8 150.5 1674.0 

1414.5 335. 1 152.0 1675. 5 

1521.6 335.0 151.5 1675.0 

1620.8 335.8 155.5 1679.0 

1714.1 336.8 160.5 1684.0 

1810.8 336. 8 160.5 1684.0 

1990.2 337.9 166.0 1689.5 

2120.6 338.0 166.5 1609.0 

2210.5 338.3 168.0 1691.5 

2452.1 339.9 176.0 1699.5 

2672.6 340.2 177.5 1701.0 

2741.2 341.0 181.5 1705.0 

Ha1f Load = 10, 696 pounds. 

Final Stress Strain 
(October 6, 1962) 

Elapsed Time Conductor Tension Gage Reading Unit Strain 

Minutes Pounds 0.001 in. Microin/in. 

0* 14, 000 340. 1 1700. 5 

3 16, 670 367. 0 1835. 0 

6 18,661 386.1 1939.5 

9 19650 405.0 2025.0 

12 22,640 423.9 2114.5 

15 19,650 407.2 2046.0 

18 16,670 373.2 1866.0 
21 12,688 336.0 1680.0 

24 8,706 298.9 1494.5 

27 4,724 250.9 1254.5 

30 741 177. 1 885. 1 

33 2,733 213.3 1066.5 

36 4,724 241.7 1208.5 

39 6,717 269.4 1347.0 

42 8,706 292.2 1461.0 

45 10,687 311.6 1558.0 

48 12,688 330.3 1651.5 

51 14,000 343.0 1715.0 

*0 minutes = 2741.3 hours. 
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Table X 

Creep and Final Stress Straii T.st Data 

SUBJECT: Creep Test of 460KV Conductor X(AWR)-1251 l-20 
BY: O. G. Paasche. P. F. WinkeLmen L. M. Wilson. Y. S. Shen 
DATE: June 13. 1962 

PRETENSION TIME: i hour 
TOTAL TESTING TIME: 2674. 4 hours 
TEMPERATURE: 75 + 2° F. 

PRETENSION: 1253f C. T. - 17, 500 pounds 

CREEP TENSION: 20í R. S. 14) 000 pounth 
GAGE L4GTH 200 inches 

Elapsed Time Gage Reading Creep Strain Unit Strain 
Hours 0.001 in. Microin/in. Microin/in. 

Omm O U 

i min 242.8 1214.0* 
3 min 355. 2 0 1776. 0 

5 min 356. 9 8. 5 1784. 5 

lo min 357.9 13. 5 1789. 5 

15 min 358. 1 14. 5 1790.5 
30 min 359. 3 20. 5 1796. 5 

45 min 360. 9 28. 5 1804. 5 

1 361. 3 30. 5 1806.5 
I 324.8 30.5 1624.0 
1. 5 325. 5 34. 0 1627. 5 

2 325. 2 32. 5 1626. 0 

3 325.3 33.0 1626.5 
4 326.0 36.5 1630.0 
6 326.1 37.0 1630.5 
8 326. 1 37. 0 1530. 5 

12 326. 8 40. 5 1634.0 
16 327. 1 42. 0 1633. 5 

24 327.2 42.5 1636.0 
37. 7 328. 3 48. 0 1641. 5 

49. 2 328. 0 46. 5 1640.0 
73.2 329.5 54.0 1647.5 
97. 2 330. 1 57. 0 1650. 5 

121.2 330.4 63.5 1657.0 
145. 2 33 1. 6 64. 5 1658.0 
169.2 332.9 71.0 1664.5 
265. 4 334. 7 80. 0 1673. 5 

360e 6 336. 1 87. 0 1680. 5 

469.3 337.2 94.5 1686.0 
562.8 338.4 98.5 1692.0 
659.6 338.5 99.0 1692.5 
747. 2 338.9 101.0 1694. 5 

849.2 338. 1 97.0 1690. 5 

938.1 338.2 97.5 1691.0 
1043.2 337.7 95.0 1688.5 

1139.2 337.5 94.0 1687.5 
1139.2 338.7 100.0 1693.5 



Table X (continued) 

Elapsed Time Gage Reading Creep Strain Unit Strain 
Hours 0. 001 in. - - - Microin/in. Microin/in. 

1248.5 339.9 106.0 1699.5 
1330.7 339.9 106.0 1699.5 
1416.3 339.8 105.5 1699.0 
1523.4 339.3 103.0 1696.5 
1622,6 340.0 106.5 1700.0 
1715.9 340.8 110.5 1704.0 
1812.8 340.9 110.0 1704.5 
1992.8 341.9 116.0 1709.5 
2122.4 342.2 117.5 1711.0 
2211.5 342.9 121.0 1714.5 
2454.1 244.0 126.5 1720.0 
2553.2 344.2 127.5 1721.0 
2674.4 344.5 129.0 1722.5 

*Half Load = 10, 480 pounds. 

Final Stress Strain 
(October 3, 1962) 

Elapsed Time 
Minutes 

Conductor Tension 
Pounds 

Gage Reading 
0.001 in. 

Unit Strain 
Microin/in. 

y* 14, 000 345. 1 1725.5 
3 16, 301 373. 1 186.5 
6 18,248 395.6 1978.0 
9 20, 195 420.2 2101.0 

12 22, 142 444.4 2222.0 
15 20, 195 422.8 2114.0 
18 16, 301 380.2 1901.0 
21 12,377 335.9 1679.5 
24 8,488 287.9 1439.5 
27 4,608 229.1 1145.5 
30 745 122.9 614.5 
33 2,682 175.4 877.0 
36 4,608 215.8 1074.0 
39 6,595 248.6 1243.0 
42 8,488 277.5 1387.0 
45 10,43S 302.4 1512.0 
48 12,377 327.7 1638.5 

51 14,000 347.6 1738.0 

*0 minutes = 2512.4 hours. 
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Table XI 

Creep and Final Stress Strain Test Data 

SUBJECT: Creep Test ci 460 KV Conductor X(AWR)-150/l-20 
BY: O. G. Paasche, P. F. Winkelmen, L. M. Wilson and Y. S. Shen 

DATE: June 13! 1962 to October 3, 1962 PRETENSION; 150v C. T. - 21, 000 pounds 

PRETENSION TIME: J hour CREEP TENSION: 20% R. S. - 14,000 pounds 

TOTAL TESTING TIME; 2764. 2 hours GAGE LENGTH: 200 inches 

ElapsedTime 
1-leurs 

Gage Reading 
0.001 in. 

Creep Strain 
Micro/in. 

Unit Strain 
Microin/in. 

Omm O O 

I min 239.2 I196.0 
3 min 387. 4 0 1937.0 

s min 388. 9 7. 5 1944. 5 

lOmin 391.1 18.5 1955.5 
15 min 391.4 20.0 1957.0 
30 min 394. 1 33.5 1970.5 
45 min 394. 9 37. 5 1974. 5 

I 395.3 39.5 1976.5 
i 316. 1 39.5 1580.5 
I . 5 316. 8 43. 0 1584.0 
2 317.2 45.0 1586.0 
3 317.1 44.5 1585.5 

4 317.1 44.5 1585.5 

6 318.1 49.5 1590.5 
8 318.1 49.5 1590.5 

12 318.4 51.0 1592.0 
16 318.8 53.0 1594.0 
24 319.8 58.0 1599.0 
37.5 321.0 64.0 1605.0 
49.0 320.9 63.5 1604.5 

73.0 322.8 73.0 1614.0 
97.0 323.8 78.0 1619.0 

121.0 323.9 78.5 1619.5 
I 45. O 324. 6 82. 0 1623.0 
169.0 326.8 93.0 1634.0 
265.2 328.8 103.0 1644.0 
360.4 330.8 113.0 1654.0 
469.1 331.9 118.5 1659.5 
562.6 333.9 128.5 16695 
659.4 334.0 129.0 1670.0 
747.0 335.4 136.0 1677.0 

849.0 336.4 141.0 1682.0 

937.9 333.3 124.5 1666.5 

1043.0 333.8 128.0 1669.0 
1139.0 333.7 127.5 1668.5 

1248.3 334.8 133.0 1674.0 
1330.5 335.0 134.5 1677.5 



Table XI (continued) 

Elapsed Time 
Hour 

Gage Reading 
0.001 in. 

Creep Strain 
Microin/in. 

Unit Strain 
Microin/in. 

1416.1 335.0 136.5 1677.5 
1523.2 335.9 138.5 1679.5 
1622.4 336.1 139.5 1680.5 
1715.7 337.7 147.5 1688.5 
1812.4 337.7 147.5 1688.5 
1991.8 338.8 153.0 1694.0 
2122.2 339.1 154.5 1695.5 
2212.1 339.4 156.0 1697.0 
2453.9 341.0 164.0 1705.0 
2553.0 341.1 164.5 1705.5 
2674.2 341.5 164.5 1705.5 

'$'Half Load = 11, 098 pounds 

Final Stress Strain 
(October 3, 1962) 

Elapsed Time Conductor Tension Gage Reading Unit Strain 
Minutes Pounds 0.001 in. Microin/in. 

14,000 341.2 1706.0 
3 17,376 377.4 1887.0 
6 19,321 400.8 2004.0 
9 21,383 424.8 2124.0 

12 23,445 449.6 2248.0 
15 21,383 428.1 2140.5 
18 17,276 383.5 1917.5 
21 13, 134 337. 1 1685.5 
24 9,019 288.4 1442.0 
27 4,889 228.6 1143.0 
30 788 122.8 614.0 
33 2,842 176.7 883.5 
36 4,889 217.9 1089.5 
39 6,958 249.8 1249.0 
42 9,010 278.6 1393.0 
45 11,079 303.7 1518.5 
48 13,134 328.7 1643.5 
51 14,000 338.7 1693.5 

*0 minutes = 2674. 2 hours. 
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Table XII 

Creep and Final Stress Strain Test Data 

SIThJECT: Creep Test of Chukar Conductor C(K)-lOO/l-20 
BY: O. G. Paasche and Y. S. Shen DATE: December 27, 1962 to April 10, 1963 

PRETENSION: None CREEP TENSION: 20% R. S. - 10, 720 pounds 

TOTAL TESTING TIME: 2456 hours GAGE LENGTH: 200 inches 
TEMPERATURE: 75 ± 2° F 

Elapsed Time 
Flours 

Gage Reading 
0.001 in. 

Creep Strain 
Microin/in. 

Unit Strain 
Microin/in. 

Omm O O 

i min 97.0 485.0 
3 min 177. 2 0 886.5* 
5 min 180. 0 14. 0 900. 5 

13 min 180.5 16.0 902.5 
15 min 181.3 20.0 906.5 
30 ruin 182. 5 26. 0 9 12. 5 

45 min 184. 6 36. 5 923.0 
i 185.0 38.5 925.0 
1.5 [86.1 44.0 930.5 
2 187.0 48.5 935.0 
3 188.6 56.5 943.0 
4 189.9 63.0 949.0 
6 191.7 72.0 958.5 
8 192.7 77.0 963.5 

12 194.9 88.6 974.5 
16 196.1 94.0 980.5 
24 198. 0 103. 5 990.0 
36 200.5 116.0 1002.5 
48 202.3 130.0 1016.5 
72 205.9 143.0 1029.5 
96 208.3 155.0 1041.5 

120 209.9 163.3 1049.5 
144 211.0 163.5 1050.0 
192 214.0 183.5 1070.0 
248 216.4 195.5 1082.0 
344 220.1 214.0 1100.5 
440 221.9 223,0 1109.5 
536 225.0 239.0 1125.5 

632 226.4 245.5 1132.0 
728 229.0 258.5 1145.0 

823 230.2 264.5 1151.0 
920 231.7 272.0 1158.5 

1016 233.0 279.0 1165.5 

1112 234.2 284.5 1171.0 
1208 235.1 289.0 1175.5 
1304 236.5 296.0 1182.5 



Table XII (continued) 

Elapsed Time Gage Reading Creep Strain Unit Strain 
Hours 0.001 in. Microin/irs. Microin/in. 

1400 237,6 301.5 1188.0 
1496 238.5 306.0 1192.5 
1592 239.4 310.5 1197.0 
1688 240.2 314.5 1201.0 
1784 241.4 320.5 1207.0 
1880 242.1 324.0 1210.5 
1976 242.4 325.5 1212.0 
2064 243.8 332.5 1219.0 
2090 244.0 333.5 1220.0 
2168 244.8 337.5 1224.0 
2264 245.0 338.5 1225.0 
2360 244. 5 336.0 1222. 5 

2456 245.0 338.5 1225.0 

*Half Load = 5721 pounds. 

Final Stress Strain 
(April 10, 1963) 

Elapsed Time Conductor Tension Gage Reading Unit Strain 
Minutes Pounds 0.001 in. Microin/in. 

0* 10, 720 244. 8 1224. 0 

3 12,688 270.1 1350.5 
6 14,678 295.2 1476.0 
9 16,670 320.8 1604.0 

12 18,661 348.9 1744.5 
15 19,650 380.8 1904.0 
18 22, 640 412.7 2063.5 
21 19,650 387.2 1936.0 
24 16. 670 335.7 1678.5 
27 12, 688 283. 1 1415. 5 

30 8,706 229.0 1145.0 
33 4,724 173.9 869.5 
36 741 51.9 258.5 
39 2,733 140.2 701.0 
42 4,724 170.0 850.5 
45 6,717 197.3 986.5 
48 8,706 224.7 1123.5 
51 10,720 252.0 1270.5 

*0 minutes = 2477. 1 hours. 



Table XIII 

Creep and Final Stress Strain Test Data 

SUBJECT: Creep Test of Chukar Conductor C(K)-125/1-20-1 
BY: O. G. Paasche and Y. S. Shen 
DATE: December 27, 1962 to April 9, 1963 PRETENSION: 125 C. T. - 13, 400 pounds 
PRETENSION TLME: 1 hour CREEP TENSION: 20% R. S. - 10. 720 pounds 
TOTAL TENSION TIME: 2456 hours GAGE LENGTH: 200 inches 
TEMPERATURE: 751 2° F 

Elapsed Time 
Hour 

Gage Reading 
0.O1 in. 

Creep Strain 
Microin/in. 

Unit Sttain 
Microin/in. 

Omm o O 

i min 106. 9 534. 5 

3mm 213.3 0 1066.5 
Sxnin 216.1 14.0 1080.5 

lOnin 218.2 24.5 1091.0 
15mm 220.0 33.5 1100.0 
30mm 220.4 33.5 1102.0 
45 min 224. 2 54. 5 1121.0 

1 224.0 53.5 1120.0 
I 191.1 53,5 955.5 
1.5 191.1 53.5 955.5 
3 191. 3 54. 5 956.5 
4 191.7 56.5 958.5 
6 192.2 59.0 961.0 
8 192.9 62.0 964.5 

12 193.9 66.5 968.5 
16 194.8 77.0 979.0 
24 196.1 79.0 980.5 
36 197.9 87.5 989.5 
48 199. 2 94. 0 996. 0 

72 202.5 110.5 1012.5 
96 204.4 120.0 1022.0 

120 205.8 127.5 1029.5 
144 206.8 132.0 1034.0 
192 209. 3 144. 5 1046. 5 

248 211.5 155.5 1057.5 
344 214.4 170.0 1072.0 
440 216.5 180.5 1082.5 
536 218.9 192.5 1094.5 
632 220.4 200.0 1102.0 
728 222.7 211.5 1113.5 
823 223.3 214.5 1116.5 
920 224.8 222.0 1124.C) 

1016 226.2 229.0 1131.0 
1112 227.4 235.0 1137.0 
1208 228.9 242.5 1144.5 
1304 229.5 245.5 1147.5 



Table I11 (continued) 

Elapsed Timc Cage Reading Creep Strain Unit Strain 

Hour 0.001 in. Microin/in. Microin/in. 

1400 230.2 249.0 1151.0 

1496 231.0 253.0 1155.0 

1592 232.0 258.0 1160.0 

1688 232.9 262.5 1164.5 

1784 234.4 270.0 1172.0 

1880 235.0 273.0 1175.0 

1976 235.0 273.0 1175.0 

2064 235.9 277.5 1179.5 

2090 236.2 27.0 1181.0 

2168 236.9 282.5 1184.5 

2264 237.3 284.5 1186.5 

2360 238.0 288.0 1190.0 

2456 238.8 292.0 1194.0 

*HaIf Load 6569 pounds 

Final Stress Strain 
(April 9, L63) 

Elapsed Time Conductor Tension Cage Reading Unit Strain 

Minutes Pounds 0.001 in. Microin/in. 

0* 10,720 238.1 1190.5 

3 12,377 263.2 1316.0 

6 14,374 288.6 1443.0 

9 16,301 314.9 1574.5 

12 18, 248 344.5 1722.5 

15 20,195 375.6 1878.0 

18 22,142 404.1 2020.5 

21 20, 195 384.4 1922.0 

24 16,301 333.2 1666.0 

27 12,377 282.6 1413.0 

30 8,488 231.2 1156.0 

33 4,608 178.2 891.0 

36 745 60.3 301.5 

39 2,682 147.3 736.5 

42 4,608 174.7 873.5 

45 6, 569 200. 8 1004. 0 

48 8x488 226.7 1133.0 

51 10,720 254.3 1271.5 

*0 minutes = 2477.3. 



Table XIV 

Creep and Final Stress Strain Test Data 

SUBJECT: Creep Test of Chubar Conductor C(K)-125/1-20-2 
BY: O. G. Paasche and Y. S. Shen 
DATE: December 27, 1962 to April 9, 1963 PRETENSION: 125% C. T. - 13, 400 pounds 
PRETENSION TIME: i hour CREEP TENSION: 20% LS. - 10, 720 pounds 
TOTAL TENSION TIME: 2456 hours GAGE LENGTH: 200 inches 
TEMPERATURE: 75 + 20 F 

Elapsed Time 
Hour 

Gage Reading 
0.001 in. 

Creep Strain 
Microin/in. 

Unit Strain 
Microin/iri. 

o o o 

i min 113.2 566.0 
3 min 215.5 0 1077.5 
5mm 217.9 12.0 1089.5 

10mm 220.7 26.0 1103.5 
is min 221.8 31.5 1109.0 
30mm 224.3 44.0 1121.5 
45 min 226.0 52.5 1130.0 

I 226.2 53.5 1131.0 
I 195.6 53.5 978.5 
1,5 51.0 976.0 
2 195.1 50.5 975.5 
3 1.95.4 52.0 977.0 
4 195.4 52.0 977.0 
6 195.8 54.0 979.0 
8 196.3 56.5 981.5 

12 197.2 60.0 986.0 
16 198.2 66.0 991.0 
24 199.7 73.5 998.5 
36 201.1 80.5 1005.5 
48 202.8 89.0 1014.0 
72 205.8 104.0 1029.0 
96 207.8 114.0 1039.0 

120 209. 1 120. 5 1045. 5 

144 210.5 127.5 1052.5 
192 213.0 140.0 1065.0 
248 215.3 151.5 1076.5 
344 218.9 169.5 1094.5 
440 220.8 179.0 1104.0 
536 223.8 194.0 1119.0 
632 224.8 199.0 1124.0 
728 227.2 211.0 1136.0 
823 228.0 215.0 1140.0 
920 229.2 221.0 1146.0 

1016 230.8 229.0 1154.0 
1112 231.9 234.5 1159.5 
1208 233.0 240.0 1165.0 
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Table XIV( continued) 

Elapsed Time Gage Reading Creep Strain Unit Strain 

Hours 0.001 in. Microin/in. Microin/in. 

1304 234.0 245.0 1170.0 

1400 234.8 249.0 1174.0 

1496 235.5 253.0 1177.5 

1592 236.3 256.5 1181.5 

1688 236.8 259.0 1184.0 

1784 237.5 262.5 1187.5 

1880 238.3 266,5 1191.5 

1976 238.9 269.5 1194.5 
2064 239.4 272.5 1197.5 
2090 239.8 274.0 1199.0 

2168 240.1 275.5 1200.5 

2264 240.5 277.5 1202.5 

2360 240. 5 277.5 1202. 5 

2456 241.5 282.5 1207.5 

*Half Load = 6958 pounth 

Final Stress Strain 
(April 9, 1963) 

Elapsed Time Conductor Tension Gage Reading Unit Strain 

Minutes Pounds 0.001 in. Microin/in. 

c 10, 720 240. 8 1204.0 

3 13,134 273.9 1369.0 

6 15,222 301.2 1506.0 

9 17,276 329.2 1646.0 

12 19,321 361.2 1806.0 

15 21, 383 396. 5 1982.5 
18 23,445 436.2 2181.0 
21 21,383 410.9 2054.5 
24 17,276 356.1 1780.5 

27 13, 134 300.8 1504. 5 

30 9,019 244.8 1224.0 

33 4,889 187.3 936,5 
36 788 63.8 319.0 
39 2,842 [50.0 750.5 
42 4,889 181.3 906.5 
45 6,958 210.2 1051.0 

48 9,019 238.2 1191.0 

51 10720 260.7 1303.5 

*0 minutes = 2477.3 hours, 
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Table XV 

Creep and Final Stress Strain Test Data 

SUBJECT: Creep Test of Chukar Conductor C(K)-125/l6-20 
BY: O. G. Paasche and Y. S. Shen 
DATE: December 27, 1962 to April 9, 1963 

PRETENSION TIME: 16 hours 
TOTAL TENSION TIME: 2456 hours 
TEMPERATURE: 752°F 

PRETENSION: 125% C. T. - 13, 400 pounds 
CREEP TSlON: 20°'i R. S. - 10, 720 pounds 
GAGE LENGTh: 200 inches 

Elapsed Time Gage Reathn Creep Strain Unit Strain 
Hours 0.001 in. Microin/in. Microiri/in. 

ç) o o 

I min 113.() 506.0 
3 min 219.0 0 1095,0* 
5 min 221.7 13.5 1108.5 

10mm 225.1 30.5 1125.5 
15 min 226.8 39,0 2134.0 
30 min 230. 5 57. 5 1152.5 
45mm 231.0 60.0 1155.0 

I 232.0 65.0 1160.0 
1.5 234.0 75.0 1170.0 
2 234. 1 75.5 1170.5 
2.5 235.9 84.5 1179.5 
3 236.S 87.5 1182.5 
4 238.2 96.0 1191.0 
6 240.8 1090 1204.0 
8 242.4 117.0 1212.0 

12 245.0 130.0 1225.0 
16 247.0 140.0 1235.0 
16.1 214.1 140.0 1070.5 
24 214.5 142.5 1072.5 
36 215.5 142.5 1072.5 
48 216.4 52.0 1062.5 
72 21S.S 162.0 1092.5 
96 220. 1 190.0 1100.5 

120 221.4 196.5 1107.0 
144 222.4 181.5 1112.0 
192 224. 8 193. 5 1124.0 
248 226.9 204.0 1134.5 
344 229.8 219.5 1149.5 
440 231.1 225.0 1155.5 
.536 233.1 235.0 1165.5 
632 233.3 236.0 1166.5 
728 237.1 255.0 1185.5 
823 240.0 269.0 1200.0 
920 240.4 271.S 1202.0 

1016 241.8 278.5 1209.0 
1112 242.6 282.5 1213.0 
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Table XV continued) 

Elapsed Time Gage Reading Ciep Strain Unit Strain 

l-tour 0.001 in. Microin/in. Microin/in. 

1208 243.5 287.5 1217.5 
1304 244.0 289.5 1220.0 
1400 246.0 299.5 1230.0 
1496 246.9 304.0 1243.5 
1592 247.8 308.5 1239.0 
1688 248.5 312.0 1242.5 
1784 249.S 317.0 1247. 5 

1880 230.3 321.0 1251.5 
1976 251.0 324.5 1255.0 
2064 251.9 329.0 1259.5 
2168 252.9 334.0 1264.5 
2264 253.4 336.5 1267.0 
2360 253.4 336.5 1267.0 
2456 254.1 340.0 1270.5 

Ha1f Load = 6670 pounds. 

Final Stress Strain 
(April9, 1963) 

Elapsed Time Conductor Tension Cage Reading Unit Strain 

Minutes Pounds 0.001 in. Microin/in. 

0* 10,720 254.2 1271.0 
3 l2S60 278.9 1394.5 

6 14, 563 304. 1 1520. 5 

9 16,540 331.8 1659.0 
12 18,510 360.3 1801.5 
15 20, 480 390. 7 1953. 5 

18 22,460 426.3 2131.5 
21 20,480 401.4 2007.0 
24 16.540 349.7 1748.5 
27 12, 560 297.5 1487. 5 

30 8. 644 244. 8 1224.0 
33 4, 600 190.6 953.0 
36 752 58.9 294.5 
39 2,725 157.3 76.5 
42 4, 600 189. 1 845. 5 

45 6,670 216.2 1081.0 
48 8,644 242.7 1213.5 

51 10,720 270.7 1353.5 

*0 minutes = 2477. 3 hours 



Table XVI 

Creep and Final Stress Strain Test Data 

SUBJECT: Creep Test of Chukar Conductor C(K)-125I1/4-20 
BY; O. G. Paasche and Y. S. Shen 
DATE: December 27, 1962 to ApriI 9, 1963 PRETENSION; 125 % C. T. - 13, 400 pounds 

PRETENSION TIME: 1/4 hour CREEP TENSION: 2O R. S. - 10, 720 pounds 

TOTAL TENSION TIME; 2456 hours GAGE LENGTh: 200 inches 
TEMPERATURE: 75 + 2° F 

Elapsed Tune 
Hours 

Gage Reading 
0.001 ir. 

Creep Strain 
Microin/in. 

Unit Stran 
Mircn/in. 

Omm O t) 

I min 117.0 585.0* 
3 min 212.2 0 1061.0 
5mm 214.0 9.0 1070.0 

lo min 215. 1 14. 5 1075.5 
15mm 216.8 23.0 1084.0 
l6niin 179.3 23.0 896.5 
18mm 179.4 23.5 897.0 
20mm 179.4 23.5 897.0 
25 min 179. 4 23. 5 897.0 
30mm 179.5 24.0 897.5 
45 min 179. 5 24. 0 897. 5 

i 179. 7 25. 0 898. 5 

1..S 181.0 31.5 905.0 
2 180.2 27.5 901.0 
3 180.5 29.0 902.5 
4 180.8 30.5 904.0 
6 181.0 31.5 905.0 
8 181.2 32.5 906.0 

12 181. 6 34. 5 908.0 
16 181. 8 35. 5 909.0 
24 181.8 35.5 909.0 
36 182.0 36.5 910.0 
48 182.2 37.5 911.0 
72 183.0 41.5 915.0 
96 15. 5 54. 0 927. s 

120 186.9 61.0 934.5 
144 188. 0 66.S 940.0 
192 190.5 79.0 952.5 
248 192.9 91.0 964.5 
344 195.8 105.5 979.0 
440 197.8 115.5 989.0 
536 200.8 130.5 1004.0 
632 202.4 138.5 1012.0 
728 204.6 149.5 1023.0 
823 205.2 152.5 1026.0 
920 207.3 163.0 1036.5 



Table XVI (continued) 

Elapsed Time Cage Reading Creep Strain Unit Strain 
Hours 0.001 in. Microin/in. Microin/in. 

1016 208.3 168.0 1041.5 
1112 209.5 174.0 1047.5 
1208 210.8 180.5 1054.0 
1304 211.8 185.5 1059.0 
1400 212.7 190.0 1063.5 
1496 213. 5 194.0 1067.5 
1592 214.8 200,5 1074.0 
1688 215.2 202.5 1076.0 
1784 216.3 208.0 1081.5 
1880 217.0 212.0 1085.5 
1976 217.4 213.5 1087.0 
2064 218.0 216.5 1090.0 
2096 218.2 217.5 1091.0 
2168 218.6 219.5 1093.0 
2264 219.2 222.5 1096.0 
2360 219.5 224.0 1097.5 
2456 220.5 229.0 1102.5 

AHaif Load = 6793 pounds. 

Final Stress Strain 
(April 9, 1963) 

Elapsed Time Conductor Tension Gage Reading Unit Strain 
Minutes Pounds 0.001 in. Microin/in. 

0* 10,720 219.3 1096.5 
3 12,856 248.6 1243.0 
6 14,888 274.8 1374.0 
9 16.892 302.2 1511.0 

12 1894l 332.3 1661.5 
15 20,933 364.7 1823. 5 
18 22,929 401.0 2005.0 
21 20, 933 375. 1 1875. 5 

24 16,892 322.8 1614.0 
27 123856 269.9 1349.5 
30 8,808 217.1 1085.5 
33 4,772 160.2 801.0 
36 769 29.9 149.5 
39 2,768 125.5 627.5 
42 4,722 156.2 781.0 
45 6, 793 184.8 924. 0 
48 8,808 213.3 1066.5 
51 10,720 238.3 1191.5 

*0 = 2477. 3 hours. 
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Table XVII 

Creep and Final Stress Strain Test Data 

SUBJECT: Creep Test of Chukar Conductor C(K)-150/l-20 
BY: O. G. Paasche and Y. S. Shen 
DATE: December 27, 1962 to April 12, 1963 PRETENSION: 1S0 C. T. - 16, 080 pounds 
PRETENSION TIME: 1 hour CREEP TENSION: 20 R. S. - 10, 720 pounds 
TOTAL TENSION TIME: 2456 hours GAGE LENGTH: 200 inches 
TEMPERATURE: 75 ± 20 F 

Elapsed Time 
Hours 

Gage Reading 
0.001 in. 

Creep Strain 
Microin/in. 

Unit Strain 
Microin/in. 

Omm O O 

i min 116.0 580.0* 
3min 194.2 0 971.0 
5 min 195. 1 4. 5 975. 5 (note I 

10 min 196. 1 9.5 980.5 
15mm 198.0 19.5 990.0 
30 min 193. 1 -6. 5 965.5 
45 min 194.3 0.5 971.5 

i 194.9 3.5 974.5 
1 123.8 3.5 619.5 
LS 122.8 -2.0 614.9 
2 122.9 -1.5 614.5 
3 122.9 -1.5 614.5 
4 122.6 -1.7 614.3 
6 121.9 -7.0 609.5 
s 119. 1 -20.5 595.5 

12 124.5 3.0 622.5(note 2) 

16 125.8 13.0 629.0 
24 129.0 29.0 645.0 
36 129.6 32.0 648.0 
48 130.2 35.0 651.0 
72 132.4 46.0 662.0 
96 134. 1 54.5 670.5 

120 134.9 58.5 674.5 
144 135.9 63.5 679.5 
192 137.8 73.0 689.0 
248 139.4 81.0 697.0 
344 142.2 95.0 711.0 
440 143.1 99.5 715.5 
536 145.6 112.0 728.0 
632 146.1 114.5 730.5 

728 148.4 126.0 742.0 
823 149.2 130.0 746.0 
920 150.5 136.5 752.5 

1016 150.8 143.0 759.0 
1112 152.0 144.0 760.0 
1208 152.7 147.5 763.5 
1304 154.0 154.0 770.0 
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Table XVII (continued) 

Elapsed Time 
Hour 

Gage Reading 
0.001 in. 

Creep Strain 
Microin/in. 

Unit Strain 
Microin/in. 

1400 154.4 156.0 772.0 
1496 155.0 159.0 7750 
1592 155.1 159.5 775.5 
1688 155.5 161.5 777.5 
1784 156.5 166.5 782.5 
1880 156.6 167.0 783.0 
1976 156.4 166.0 782.0 
2064 157.2 170,0 786.0 
2168 158.2 175.0 791.0 
2264 158.4 176.0 792.0 
2360 159.0 170.0 785.0 
2456 158.5 176.5 792.5 

*Half Load = 8480 pounds 
Note 1: The conductor was overloaded due to over cranking at takeup end. 

Note 2; The extensometer clamp block became loose. 

Final Stress Strain 
(April 12, 1963) 

Elapsed Time Conductor Tension Cago Reading Unit Strain 

Minutes Pounds 0.001 in. Microin/in. 

c» 10720 158,7 793.5 
3 12,350 179.3 896.5 
6 14,291 204.0 1020.0 
9 16,230 229.9 1149.5 

12 18, 170 255.7 1278,5 

15 20, 100 283. 1 1415.5 

18 22,040 314.4 1572.0 
21 20, 100 290.0 1450.0 

24 16, 230 240. 0 1200.0 

27 12,350 187.9 939.5 
30 8,480 136.7 638.5 
33 4, 600 84. 1 420. 5 

36 725 -25.9 -129.0 
39 2,663 56.9 280.0 
42 4,600 82.7 413.5 
45 6,540 108.0 540.5 

48 8,480 134.0 570.0 
51 10,720 163.5 817.5 

*0 minutes 2543.7 hours. 
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Table XVIII 

Initial Stress Strain Test Data 

SUBJECT: Initial Stress-Strain of Chukar Conductor C(K)-1 
BY: O. C. Paasche and Y. S. Shen DATE: December 21, 1962 

GAGE LENGTh: 200 inches TEMPERATURE: 75±2° F 

TIME: Time is time of toad change, gage reading taken 2-1/2 minutes later than indicated. 

Elapsed Time Conductor Tension Gage Reading Unit Strain 
Minutes Pounds 0.001 in. Microin/in. 

o 725 0 0 
3 2,663 39.0 185.0 
6 4,601 71.3 356.5 
9 6539 101.1 505.5 

12 8,477 130.8 654.0 
15 10,415 162.0 810.0 
18 12, 353 193. 5 967.5 
21 14,291 226.2 1131.0 
24 16, 229 260. 0 1300.0 
27 18, 167 296. 3 1481.5 
30 20,105 334.2 1671.0 
33 22,043 374.5 1872.5 
36 20, 105 349. 7 1748. 5 

39 16,229 298.2 1491.0 
42 12,353 245.4 1227.0 
45 8,477 191.2 956.6 
48 4,001 135.2 675.0 
51 725 44.3 221.5 
54 2,663 103.2 516.0 
57 4,601 131.9 659.5 
60 63539 159.4 797.0 
63 8,477 186.6 933.0 
66 10,415 213.9 1089.5 
69 10,714 218.0 1090.0 



Table XIX 

Initial Stress Strain Test Data 

SUBJECT: Initial Stress-Strain of Chulcar Conductor qK)-2 
BY: O. G. Paasclte and Y. S. Sher. DATE: December 21, 1962 
GAGE LENGTH: 200 thebes TEMPERATURE: 75 2° F 

T1Ìv1E Time is time of icad charge. gage reading taken 2-1/2 minutes later than indicated 

Elapsed Time Conductor Tension Cage Reading Unit Strain 
Minutes Pounds 0.001 in. Microin/in. 

FIRST LOADING 

0 752 () O 

3 2,725 39.7 198.5 
6 4,698 71.0 355.0 
9 6, 671 101.3 506. S 

12 8, 644 131.3 656. 5 

15 10,617 162.2 816.0 

SECOND LOADING 

o 752 0 0 
3 2,725 37.2 186.0 
6 4,698 65.9 329.5 
9 6,671 93.0 465.0 

12 8,644 120.7 603.5 
15 10,617 14S.9 744.3 
18 12,590 179.5 897.5 
21 14,563 212.7 1013.5 
24 16, 536 247. 1 1235. 5 

27 18,509 283.7 1416.5 
30 20, 482 321. 8 16I. O 

33 22,455 360.5 1802.5 
20, 482 335. 8 1679.0 

39 16,536 282.2 1411.0 
42 12,590 230.6 1158.0 
45 8,644 176.2 881.0 
48 4,698 120.1 600.5 
51 752 29.8 149.0 
54 2,725 87.5 437.5 
57 4,698 116.3 586.5 
60 6,671 143.3 716.5 
63 8,644 171.0 855.0 
66 10,617 197.8 989.0 
69 10. 700 200.0 1000. 0 
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Table XX 

Inittal Stress Strain Test Data 

SUBJECT: Initial Stress-Strain of Chular Conductor C(K)-3 
BY: O. G. Paasche andY. S. Shen DATE: December 21, 1962 
GAGE LENGTh: 200 inches TEMPERATURE: 75 + 2° F 

TIME: Time is time of load cha-ge. gage reading taken 2-1/2 minutes later than indicated. 

Elapsed Time Conductor Tension Gage Reading Unit Strain 
Minutes Pounds 0.001 ii. Micro.n/in. 

o 741 0 0 

3 2,732 40.2 201.0 
6 4 723 73. 2 366.0 
9 6,714 104.1 520.5 

12 8,705 135.0 675.0 
15 10,696 165.0 825.0 
18 12. 687 194. 7 973. 5 

21 14,687 225.2 1126.0 
24 16.669 257.5 1287.5 
27 18.660 291.7 1458.5 
30 20,651 327.3 1636.5 
33 22,642 366.3 1831.5 

20651 341.5 1707.5 
39 16,669 290.2 1456.0 
42 12,687 237.0 1185.0 
45 8,705 182.6 913.0 
48 4,723 126.0 630.0 
51 741 43.3 216.5 
54 2,732 96.2 481.0 
57 4, 723 124.9 624.5 
60 6,714 152.2 761.0 
63 8,705 179.1 895.5 
66 10,696 205.8 1029.0 
69 10, 700 206.9 1034. 5 
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Table XXI 

Initial Stress Strain Test Data 

SIJEJECT; Initial Stress-Strain of Drake Conductor fSE)-I 
EY: O. G. Paasche a:d Y. S. Sflen DATE: May 5, 1963 

GAGE LENGTh: 200 inches TEMPERATURE: 75+2° F 

TLMC: Tinie is !iine of load change. gage reading taken 2-1/2 minutes later than indicated. 

Elapsed Time Conductor Tension Gage Reading Unit Strain 
Minutcs Pounds 0.001 in. Microin/in. 

o 725 0 0 

3 2, 663 2 336.0 
6 4,601 117.7 388.5 
9 6,539 170.8 854.0 

12 8,477 226.3 1131.5 
15 10,415 284.8 1424.0 
18 12, 353 349. 8 1749.0 
21 14,291 422.6 2113.0 
24 t6, 229 502.9 2514. 5 

27 18, 167 594.5 2972.5 
30 16,299 550.0 2750.0 
33 12,353 455.2 2276.0 
36 8,477 359.5 1797.5 
39 4, 601 250. 0 1300.0 
42 725 81.0 405.0 
45 2,663 196.8 984.0 
48 4,601 272.3 1361.5 
51 6.240 293.9 1469.3 
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Table LXII 

Initial Stress Strain Test Data 

SU!JECT: Initial Stess-Strain of Draie Conductor tTSE.2 
BY: O. C. Paasch ad Y. S. Shen DATE: May 4, 1963 

:;AcE LENGTh: 200 ±ches TEMPERATURE: 75 + 2° F 

TLME Time s time of load change. gage reading taken 2-1/2 minutes later thin mdicated. 

Eiapsed Time Condctoi Tension Gage Reading Unit Strain Ms Pounds 0.001 in. Microin/in. 

o 752 0 0 
3 2725 59.0 295.0 
6 4x698 111.5 55'.5 
9 6,671 165.0 825.0 

12 8,644 220.5 1102.0 
15 10,617 280.6 1403.0 
18 12, 590 328. 6 1643. 0 

22 14, 593 400. 8 2004. 0 

25 16,536 487.0 2435.0 
28 18, 5 538. 7 2918.0 
30 16,536 538.2 2691.0 
33 12,590 442.8 2214.0 
36 8,644 344.0 1720.0 
39 4,698 243.7 1218.0 
42 752 56. 1 280. 5 

45 2,725 178,0 890.5 
48 4,698 235.0 1175.0 
51 6,240 273.8 1369.0 



loa 

Table XXIII 

InitIal Stress Strain Test Data 

SUBJECT: Initial Stress-StraL' of Drake Conductor SE)-3 
BY: O. G. Paascie ad Y. S. Shen DATE: May 5, 1963 
CACE LENGTh: 200 ichcs TEMPERATURE: 75 2 F 

TIME: Time is time of load change. gage reading taken 2-1/2 minutes later than indicated. 

Elapsed Tune Condictor Tension Gage Reading Unit Strain 
Mirries Pazrdr 0.001 in. Microin/in. 

o 741 0 0 

3 2,732 75.0 375.0 
6 4,723 139.0 695.0 
9 67l4 199 1 995.5 

12 8,705 260,2 1301.0 
15 10,696 324.2 1621.0 
18 12,687 392.8 19640 

21 14,678 467.2 2336.0 
24 16,669 549.2 2746.0 
27 18,660 640.8 3204.0 
30 167669 595.1 2975.0 
33 12, 687 496.7 2483.5 
36 8,705 396.3 1981.5 
39 4,723 289.9 1449.5 
42 741 82.0 410.0 
45 2,732 208.8 1044.0 
48 4,723 278.3 1391.5 
51 6,240 319.8 1599.0 
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; 72 ,T END o ìE$T 
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-í:- STRESS-STRAIN CURVE OF CHUKAR CONDUCTOR C(K)-2 
8 

//45 
7::::.' Conductor: Chakar (Kaiser), Top of Reel 7 

: 

TCtflPe:ature: 
& 

. 

. Teatconducted: 12-21-62 
t-- 

. ,___ 4 
Note: The broken line denotes the stresa etrain curve of the first 

.. J - ..... K'V 
c 

loading. The first loathng stops at 15th minutes, because 
2-- ° it was noticed that the linkage did not have full bearing. 

-.,------ F 27 igure The specimen was then unloaded to initial loading. 
- 

51 " The solid line was obtained from the second loading. 
o 
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:iu 1z------ -. -i- , 
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STRESS-STRAIN CURVE OF DItAKE CON1DtJCTO. 1DS)-1 

; : .O Conductor: Drake - (Southern Electric), Reel 84.ZZ 
'. Temperature: 75F ¡ . 

z.- sage length: ¿00 in. 
Test conducted: 4-5-3 . 
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STRESS-STRAIN CURVE OF DRAI(E CONDUCTOR D(SE)-.3 

Conductor: Drake Southern E1ectric Reel 54-32 
Tenp.rature 75°' t Z 

Gage length: ¿00 in. 
Test conducted: 5-5-63 
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STRESS-STRAiN AND CREEP CURVES: XASE) 100/1-20 
. 

// 
39 , 

/ 7 Conductor: Expanded 460KV (Southern Electric) /' /(/ Prestreas tension: None 
- 6 y/ *Creep tension: ¿0% R. S (14, 000 lb. ), 2674. 6 hr. 

_7_ -(2? Temperature: 753F ± ¿ 
-4 . -.,--- . . Gage length: ¿00 in. 

Testcompletecl: 10-3-62 
. . 

: ; 

:.. o 
1 -- _' Figure 32 *Based on 7 000 lb. mominal itrength or 16. 95% of 82, 800 lb. 

. . . 

3Ç 
i- . . - rated strength. 
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1STRESS-STRAIN AND CREEP CURVES: X(SE)-125/1-2O 
. 

Conductor: Expanded 460KV(Southern Electric) 
¡Prestreas tengio: 125% C.T. (17, 500 lb.), i hr. 

' Creep tension: 2O% R.S (14,000 lb0), Z692.8 hr. 
Temperature: 75F 2 

. Gage length: 200 in. 

. Test completed: 10-4-62 
. 
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24 4Ba8ed ori 70,000 lb nommai strength or 16 95% c1 82,8OO 
rated strength. 
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. . SRES-STRAIN AD CREEP CURVES: X(SE)-125/1-O4 44 I # :f. L : 

: 

. . ... ..I i t11 . 
.4. .. t --I . . . 22 Conductor Expanded 4OKV (So.tthern 1ectrtc __ jjE :ir- J Preøtreas tension. 129% R.S. (17e 500 Jb.), i hr. -.- -i J.j 4j_ _ i4 --ii Jf ± . .' 

,w *Creep tensidn ZO10 R S (14,000 Ib), ¿740,9 hr 1j4 ± t1PtflFTI 

Ternperattre 75 °F + o t I 
»t Itfl1t1 t t .1 V4 S OUSO tYIIÑUTES 

z Gage length 200 in. l4URS\¼\ 
I 

- - Tatcop1eted 10-6-62 G3 HOURS_\'\\ '' )ftO4JR / 
; . *This specimen waà reed before testing. « . I4.? HOURS 3 

O X . 
- *Basecion 70, 000lh nominal strength or 16.95% of 82, 8ÓOlb. 
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3 '1iN.'-C) MNUTES 
STRESS-STRAIN AND CREEP CURVES X(SE) 150/1-ZO 

Conductor: Expanded 460 KV Southern Electric) 
. Pre$tres8 tenøion 150% CT. (Z1OOOlb.), i hr. ¿?43.2HOURS C) MtNUTES---, / *Creep tenaion: ¿0% R. S. (14. 000 lb. ). 2740. Z hr. 

. ' . 

') -I- I32aSHOURs- .- r Temperature 75 F' ¿ 
\\ 

Gagelangth: Z003i. '." 88U " 
L // Test completed IO 6 62 \ ' 6lMN.=OMINU -----t 4 \\/ *Based on 000lb. nominal strength or 16. 95% of ,/ \ \/\ . / 81, 800 lb. rated strength. ,/ '/'\\ /, 
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STRESS-STRAIN PJD CREEP CURVES: X(AWR)-125/1-ZO 674 HOUR5O MtNurE-, 
t226 HOURS- CoLductor: cpanded 460KV (Alcoa Wire Rope) 

¿. kOURS Prestress tension: 125% CT. (17, 500 lb.)1 I hr. 9' HOURS\\ .- . -. . 16 *Crep tension: ZQ% LS. (lA flflfl fl 72 A 1... 
. 

Temperature: 75°F ± O 

. 

Gage length: ZOO in. 
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: 14 Test completed: 10-3.. 62 
E 'Based on7 OOOIb nominal stren 
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.1..z rated strength. : 
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STRESS-STRAIN AND CREEP CURVES: C(K)-100/I-.ZO 

-.- ..-. .-- ... Conductor: Ciikar (kaiser) 
. - . 

- 
Prestress tension: None. 

. 

Creep tenalon: ZO% R.S. (10,720 ib.), 2454hr. te n Temperature: 75°F' t 2 
Gage length: ZOO in. 

' 

zc Teat completed: 4.-10-63 
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E-4 Iû -' _ .. - i I -,-,- ,/_v- -ATE*D OF TEST 

- a - 

o 
STRESSSTRAIN AND CREEP CURVES c(K)125/1zo2* - Conductor Chukar (Kaiser) 

: j-__ 
:t;?::!s:8b0 

i -.-- Test completed 4-9-63 

- - 
o *Specimen from Reel Z 

.:... . 3 
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STRESS-STRAIN AND CREEP CURVES: C(K)-15/16-2O 

Conductor: Chtikar (Kaiser) 
Pre8tree8 tension: 15% C.T. (13,400 lb.), 16 hr. 
Creeptérion: ¿O%-R.T. (IO.7201b.), 2440hr. . 

Ternerature: . 75'F-Z° ' . 

Gage lrigth: 200 in. 

22 
Test completed 4-9-63 

: .. . 
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27V 
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\ . Prese8s tension: 150% C. T. (16, 080 lb. ), i hr. 
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:Creeptenion: ZO%R.S. (1O,7201b.), 2455hr. 
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STRESS-ST CURVE X(AWR)-z V' 
Conductor: Expanded 460 KV, ALCOA Wire Rope 2 

V Temperature 75°F t z( 

ao7/ Gage length: ¿00 in. 
Date completed: OSU: 2-21-62 

ALCOA: 1-10-63 7 
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4 STRESSMSTRAIN CURVE X(S.E)..1 
. 

Conductor: . Expanded 460 KV, Southern Electric j , 

: 
T.mp.rature: 75±Z° 

. /7 / ,' . 

(n Gagel.ngth: 
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STRESS-STRAIN AND CREEP CURVES x'cE)1Z5/1-ZO 3'/'/ 2V, ' I 

,/-,, Conductor: Expanded 460 KV 
/ Mamifacturer: Southern Electric 

/4 .' Rated Strength: CZ, 800 lbs . A / , " Creeptension: ¿O%RS. (14,0OOlb,) ' ,' i/ Pre8tress t.nion: 125% co T0 (17, 500 Ib. ) ¿' / , J Temperature: 75 F t 2' 
,/ // /J Gage length: ZOO in. 

°d' ( Te8t completed: OSU Creep 1Q-3..62 / ,/' ' ALCOA: Stress Strain after OSU Stress Strain. 1-1O-63 / / ,/'S/' 27/ /Z y ALCOA; Stress Strain after OSU Creep 1-9-63 / 

- 
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_______aI_-.- C Figure46 
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- . : -1 

STRESS-STRAIN AND CREEP CURVES x(wa 5/izo 
Conductor: E,anded 460 KV 

uE 

Manufacturer: ALCOA 65Z, Wire Rope . 

2 V 
Rftted Strength: 69, 900 lb0 . . . . . . . . 

Creep tension: ao% R. S (14. 000 lb. ) ,, " 
. Z4 1 PrestTeßs tem8ion: izs C.T. (17.500 lb.) ... ; 

2o 

O.. Temperature: 75'F t s 

f Gage length: 200 in. " /" 
¿z Test completed: OSU: lß-3..62 "'3 // / 

ALCOA Stre8s-Strain after OSU Stress-Strain 1-10-63 'a." "fl '" 
- - 

ae ALCOA Stress-Strain after OSU Creep l-9-63 7/4O, 48 
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/ .i:L+L z STRESS-STì AND CREEP CURVES X(SE)-125/1-2O / // 4 _ ___ Conductor Eanded 460 KV 
f / // -- 4 --, Mawjlacturer: Southern Electric / I ,/ . -t--- Rated Strength: 8, 800 lbs. / / I . ¡. .: . 

. 

:. :' Creep tension 20% R S (14, 000 lb 
) 

' ," / -Z2 Prestresstension: 1ZS%C.T (l7,00lb.) ,/' /',/ ÎT±:1TTJ 

I: 
Temperature: 75°F ± 2° 
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Gage length: . ZOO in. 
Test completed: OSU: Creep 10-3-62 

ALCOA: Stress Strain after OSU Stress Strain: 1-10-63 
ALCOA: Stress Strain after OSU Creep: 1-9-63 
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-L: STRESS-STRAIN AND CREEP CURVES X(AWR) 1Z5/1-ZO - 
- Conductor Expanded 460 KV ' / 

: 
: Manufacturer: ALCOA 65, Wire Rope /' ' 

S 

Rated Strength: 69, 900 lb. ,V 7 '/" : 

Creep tension: ¿0% R. S. (14, 000 lb. 
) 

. 

" Z 
, S 

Pre8tress tension 125% C T (17, 5O lb ) / ' 
Temperature 7°F Z' 7 /7 / 

-i 
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,'__ 
I t 

Q- Gage length ¿00 iii _ 
Test completed OSU lO-3-6Z ,,,v ,7 i 

- 
¿C H 

--« - ALCOA Stregs.-Stram alter OSU Stres-Strajn: 1-10-63 S S / ,' /" 
z S 

ALCOA Stress-Strain after OSU Creep: l-9-63 S - z , 
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