
CREEP TESTS ON ALUMINUM AND 
ALUMIMJJM AL1OY CONDUCTORS 

by 

Preia Prasad 

A THESIS 

submitted to 

OREGON STATE COLLEGE 

in partial fulfil1ient of 
the requirements for the 

deg.ee of 

M&STER OF SCIENCE 

June 1959 



APPROVED: 

Redacted for Privacy 

Professor of Mechanical Engineering 

tn Charge of Major 

Redacted for Privacy 
- _7 

Head of Department of Mechanical Engineering 

Redacted for Privacy 

Chairman of School Criduate Comaittte 

Redacted for Privacy 

Dean of Graduate School 

Date Thesis is presente.. /' "f57 
Typed by Linda Magee 



ACK1OAGEMEN IS 

The author is grateful to Professor O. G. Paasche of the Oregon 

State College Department of Mechanical Engineering for his helpful 

suggestions and criticism of the manuscript. e is further in- 

debted to Dr. i.ink for his invaluable assistance in analyzing the 

creep rest daa. His thauks aiso to Kaiser Alunini.ra and Cheäca1 

Corporation for financing the project. He is also indebted to Dr. 

R. D. 011eman of Kaiser Aluminum's Department of Metallurgical 

Research for his invaluable suggestions. He is also grateful to 

Or. Li of Oregon State College Department of Statistics for his 

help in analyzing the calibration data. 

Finally the author wishes to express his thanks to Mrs. E. 

Route, Secretary, Engineering Experiment Station, T. J. Patel, B. N. 

Patel, students Oregon State College, for their assistance in making 

figures, and to Mrs. Linda Magee who did the entire typing of this 

thesis. 



CONT&NTS 

Page 

Introduction .1 

ObJ.ctivss .3 

Theory and I4schanisa of Creep .................................... 4 

CreepCorrelation ................................................ 8 

Testquisnt ................................................... LO 

Calibration..................................................... 15 

TestMeterial ................................................... 21 

Kxp.ri.sntalProcedure .......................................... 24 

Discussion..................................................... .27 

Conclusions..................................................... 33 

Mecaendations................................................. 34 

eferencss.................... , ................................ 35 

Appendix........................................................ 36 



F IGURES 

Page 

1. Typical Creep Curve Showing the Three States of Creep . 36 

2. Test Ch&abers and Loading Levers . 
37 

3. Arrangement of Testing Coluuris 38 

4. Details of Loading Systems 39 

5. Scheuatic Diagram of Testing Apparatus .40 
6. Schematic Diagram of Air Conditioning System ............... 41 

7. Creep Curves ............................................... 64 

5. Creep Curves on Log Strain vg. Log Time Coordinates ........ 65 

9. Creep Curves on Log Strain vs. Log Time Coordinates ........ 66 

10. Load Cal..bration Curve Column i ............................ 75 

Il. Load Calibration Curve Column 2 ............................ 76 

12. Load Calibration Curve Column 5 ............................ 77 



TABLE S 

Page 

Iesu1ts of Analytical Treatnent of Calibration Data ............. 19 

Cenerai Information on Test: Conductor ........................... 22 

TestingConditions .............................................. 22 

ReGulEs of Analytical Treatment of Creep Data ................... 32 

CreepTest Iata ................................................. 42 

Scatistical Analysis of Load Calibration Data ................... 70 



CREEP TESTS 

OF 

ALUMINUM AND ALUMINUM ALLOY CONDUCTORS 

INTRODUCTION 

Foriner].y copper was used for electrical transmission purposes. 

In modern transmission lines aluminum has replaced copper. Aluminum 

posseses good electrical conductivity, good resistance to corrosion, 

bas light weight, and relatively good strength. To justify the use of 

aluminum conductors, various important characteristics must be examined. 

One of these is creep resistance. In service, a conductor of a trans- 

mission line is subjected to a tensile stress which it must withstand 

for a long time, up to and sometimes exceeding 50 years. The combi- 

nation of stress and time produces an elongation of the conductor 

which increases the amount of sag. Even an extremely small rate of 

creep will, after a long time produce an appreciable sagging. There- 

fore if a conductor has poor resistance to creep, it will be uneco- 

nornical due to the fact that it may require resagging, or shorter spans 

will have co be provided. Both of these increase the cost. 

The Kaiser Aluminum and Chemical Corporation has been producing 

solution treated, cold worked all aluminum alloy (AAAC) conductora. 

aluminum conductors with a central steel reinforcement (ACSR) and 

all aluminum conductors (EC). It was deemed necessary to investigate 

creep properties of the various aluminum conductors to obtain engineer- 

ing data for use in design and construction of transmission lines. The 
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project iB biUß carried out with the cooper&tion of Oregon State 

College. In the first four series of tests conducted, only AAAC con- 

ductore were invetigaced a. different stress levels, 757,, 50Z, and 25 

of ultimate tensile strength. In the present series of testa ACSR and 

EC were *lso included, and the stress level reduced to 157, of the ul- 

timate tensile strength. It was believed that AAAC might have a poorer 

creep resistance as compared to ACSR, due to the fact that all coinon 

aluminum alloys show poor resistance to creep at temperatures only a 

little higher than Lhe service temperatures for transmission lines. 

Secondly ACSR has a central strand made of highly creep resistant 

steel. 
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OBJECTIVES 

The tests reported here are actually a part of a much larger pro- 

gram. The ultimate objectives of this larger program are 

a. co provide necessary engineering data on creep in a broad 

size range of AAAC conductors, 

b. and to compare the characteristics of selected AAAC conductors 

with EC and ACSR conductors. 

The objectives of the present series are: 

1. To determine whether the difference in the creep properties 

of the two AAAC lots is due primarily to stranding, 

2. To compare the creep properties of AAAC conductora with ACSR 

conductors, 

3. To determine the creep characteristics of selected speciiiiens 

at 157. ultimate tensile strength, 

4. To check the accuracy of the loading system. 



4 

THEORY AND HECH flIS!1 OF CREEP 

Creep is defined as plastic deformation of a material over a long 

period of time during which the stress and temperature remain constant. 

Fig. I shows a typical creep curve. The curve is based on the as- 

sumption that,throughout Lhe test period, a constant load and tempera- 

ture is being naintained. For the purposes of discussion creep is 

generally thought to proceed in three stages. The first stage which 

includes the instantaneous deformation during application of the load, 

is known as initial, primary, transient or diminishing rate state. 

This stage of creep dies out with Linie, and terminates the deformation 

at- low temperature and low stress. The strain rate sïowm down due 

either to work hardening or may be due to lack of plastic elements. 

Eventually the creep rate becous constant. This stage of the curve 

is approximately parabolic. 

The second stage of creep, known as steady state creep, is char- 

acterized by a relatively constant creep rate especially pronounced at 

high temperatures, as shown in Fig. 1. This could be explained by 

the fact that the strain hardening is just balanced by the reduction 

in cross sectional area, but a better explanation claimed by various 

authorities is that the effect of strain hardening is just balanced by 

recovery phenomena, resulting in a steady state creep. Most probably 

the cause of the steady state creep is the joint effect of the two 

theories explained above. Some modern investigators deny the fact that 

a second state creep rate is constant; they claim it is a transition 

stage between initial end final stages. 
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The final or last stage of creep is known as "tertiary" creep, 

where flow accelerates thereby finally causing fracture. Early inves- 

tigators claitned that che increasing race of creep was due to reduction 

in cross-sectional area of the test piece. Later investigations shoved 

that the reduction in cross-sectional area plays a minor part, and the 

real cause is due co ocher factors. Andrade (1) suggess that this 

could be due to recrystalization. 

The creep rate may be varied appreciably by variation in the tem- 

perature and/or the applied stress. Various other factors, such as 

composition, impurities, presence of residual stresses within the ía- 

terial, also affect creep rate of material. 

During any creep test, the temperatura oí the specimen nuist be con- 

trolled as accurately as possible. It has been observed that sorne ma- 

erials under certain loads exhibit a creep rate which is double that 

of similar upecimenì tested at the same load but at t:en degrees lower 

teutperature (2). 

Mechanism of Plastic Deformation 

,1odern concepts of plastic deformation are based on the theory of 

dislocations. Dislocations in a crystal are special types of defects 

which move readily upon application of stress. The dislocations thus 

cause a lowerLEig of the stress required to cause plastic deformation. 

The theory attempts to elaia, quantitatively, this lowering of elas- 

tic si.reng..h, the stress neceary o cause plastic deformation, as 

well as other phenomena such as the strengthening of metals due to 



cold work and heat reaiett. Since creep is a form of plastic defor- 

ination the tnechanieia ahould be capable elucidation by the theory of 

dis locations. 

Calculations of theoretical strength indicate that. crystals should 

develop iO to io tires the strenth actually ea8urd (3). Such 

strengths have been developed experimentally in ?CrEeCt crystals, 

free of dislocations. It is theiefore quite ju&tified t asstme that 

au act.ial crystal is full of dislocations. A single crystal of ntetal 

generally c3ntais one plane that is weaker than LIje cthe; due to the 

prci&ecce f dislocations. InItiai deformation iay staat due to glid- 

ing o a dislocation along an atomic plane. During the initial stage 

ol: creep, the externally applied stress is sufficient to move disloca- 

tions andunless there are some obstacles to this movement,Che result- 

ing deformation will be never-ending. In crystals such a movement is 

impeded by various obctacles like grain boundaries, precipitate parti- 

cies, the forest of other dislocations and the far-reaching stress 

field of other dislocations in parallel glide planes (4). If the 

applied stress is not sufficient to push the moving dislocations 

through the obstacles, the rate of deformation will slow down. The 

piled up groups of dislocations exert a back pressure or stress which 

is greater than the stress exerted by the source of production o dis- 

locations, resulting in a decreasing rate of creeo. During initial 

deformation the crystal becomes work hardened due to these impedi- 

ments to movements. The decelerating rate of creep continues till 

the process of recovery takes place. For plastic deformation to 
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continue, the applied stress must be increased, or some recovery take 

place. During the creep process, the atress remains constant, hence 

the continuity in deformation must be due to recovery phenomena. This 

recovery could be due to a rearrangement of dislocations, resulting in 

a decreaBe in internal stress, or by combination of cs.o opposite sign 

dislocations. The first is possible only if the dislocations leave 

their glide plane, which could be accomplished by the climb process. 

The movement of an edge dislocation perpendicular to its glide plane 

is called climbing. At low temperatures the dislocations trapped 

within the lattice tend to remein stationary, but at high temperature, 

dislocations are able to move in a perpendicular direction to another 

plane. 

The analysis of creep based on climbing of dislocations made by 

Weertman (5) is as follows. He assumed that there are dislocations 

piled up in groupa stopped by obstacles at a distance 2k apart in 

their glide planes, where L is the final radius to which a dislocation 

loop expands. The local shear stress in the glide plane at the place 

of dislocations is zero, with a possible normal stress of , which 

exerts a force on the dislocations normal to its glide plane. Due to 

this stress the dislocations star climbing, some giving off vacancies, 

others absorbing them. Within a grain if the atomic arrangement is not 

orderly, and if a position which should have been occupied by an atom 

is vacant, then such a vacant position is called a 'vacancy'. From 

the above discussion it is concluded that the creep rate is controlled 

by the rate and amount of recovery taking place. 
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Creep Corre1atins 

As has been discussed iì die Luregolug pages, he creep phenoiienoa 

may occur in three different stages. This has been observed in m&ny 

tests conducted on various types of niaterials. Ii is believed by 

present day investigators that actually there may not be anything like 

second stage creep. Second stage creep ny be treated as a sort of 

lengthy transition period during which the decelerating deformation 

of the first stage creep is gradually transforcmed into the acceler- 

ating deformation of third stage. 

In practice it is not possible to conduct creep tests for periods 

of time comparable with usually expected service life. It is, there- 

fore, usual practice to extrapolate the data obtained from a rela- 

tively short time test to predict the creep strain at the desired 

time. Andrade (1) conducted numerous tests and on the basis of the 

results obtained arrived at the following ecuation for creep. This 

law is coninonly known as the t1'3 law. 

i t l, (l-Bt) exp KT ---------------------------- i 

where; l : initiai length 

i s final length 

t time 

I : a constant 

T s absolute temperature 

K s a constant expressing an extension pez mit 



length creeping, which proceeds at a constant 

rate. 

This law has been later verified by Feltham (6) in his work on 

iron and plain carbon steels under constant stress. 

Cotrell (7) reviewed different time laws of creep, and found that 

the creep rate can be represented by the equation. 

:Bt__ 2 

where 

the creep strain 

t : the time 

B and n are constants, which could be determined experiintally. 

The constant n appears to be dependent of the material, the mechanism 

of creep, the temperature, and the stress. 
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TEST EQUIPMENT 

The creep tests were conducted in testing rtachines especially de- 

signed for the purpose. In order to assure sufficient provision of 

strain measurement, to simulate, to some degree, field conditions but 

taking cognignce of limitations of laboratory space specimens 25 feet 

long were selected for test. A gage length of 200 inches was se.. with- 

in this 25 feet so as to avoid end conditions. Six loading columns 

30 feet long and housed in a temperature controlled chanther were used. 

An external view of the enclosure is shown in Fig. 2. Loading was 

accomplished by means of levers. This equipment had been constructed 

previously; the design and cofl8truCtiOn are not part of this thesis, 

but will be described for complet cs. 

To ensure sufficient rigídity the culumns were designed for a 

capacity of 20,000 pounds. The corners of the column were made of 

four lengths of 2 x 2 x 3/16 inch angle iron. Cr058 bracings made 

out of 1/3 by i inch steel bar stock were welded to the four angles. 

To permit multiple testing of six specimen simultaneously, six sepa- 

rate columns were constructed numbered from i to 6 looking from 

left to right as seen in Fig. 3. The advantage of such a construction 

is that one specimen could be taken out or inserted without causing 

disturbance to the remainder of the specimens in other c1umns. 

Each column was bolted down rigidly at both ends and at two places in 

the middle in order to have minimum possible distortion and deflection. 

The loading system consists of levers having a 20 to 1 ratio. 

The lever was cut from one inch thick plate. To minimize friction 
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and to maintain a constant load on the specimen, needle bearings were 

provided both at the pivot of the lever and at the connecting link- 

age. The lever was mounted on a vertical column independent of the 

lattice column by inans of a bracket. To insure that the force 

induced by the lever was applied axially to the column, the vertical 

column rested on against a pin welded to the end plate of the hori- 

zontal column. 

Specimens were loaded by means of a box containing Lead shot 

being supported by the outer end of the lever on a knife edge. The 

knife edges were machined from high carbon steel and hardened to 

minimize wear. Fig. 4 gives a schematic diagram of the loading and 

takeup ends of the equipment. 

The amount by which lever falls down during the test due to 

elongation of the specimen, was measured by a pointer cemented to 

the top of the free end of the lever and vertical scale mounted 

separately as shown in Fig. 4. 

Two means of takeup were provided. The grips were coupled to a 

12 inch turnbuckle which adjusted for variation in overall conductor 

length, and was useful for the installation of specimens. The second 

takeup device consisted of a large nut, as shown on the extreme left 

end of the enclosure in Fig. 5. The nut was turnad by a spanner 

wrench. Friction was minimized by using a ball thrust bearing pro- 

vided between the Eljusting nut and the column end. The one inch 

diameter takeup screw was prevented from turning by means of a loose- 

fitting key. The takeup nut in the shape of a wheel was graduated to 
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1icate che aaiount of the aieip a givn frac1z of a revilution. 

The grips used were Cooline cla-ima .n which tha npcinien was bent 

3fl a genLl3 radius making approxiaateiy an an!1e of 69° with the 1oad- 

Ing co1un. The bac1 f the ciaaps were prvod ifth hoic for con- 

necting one end of the .ecinen o the takeup crow 1!.ng and the 

other end to the lover connQctng 1ink*g in auch a fashion tha the 

cent line of the specimen coincided with the center line of the load- 

ing colutn. 

The foregoing description applias to Columns i through S. Crlumn 

6 w used for testiog the single strand specimen. Since the load to 

be used wa less than the nlmum which could he api5ed by the lever, 

arrangements were made to 1oad the sthgle scr:nds by dead weight. 

A 4 inch diaister pulley wao substituted for the lever tnechaniam. 

A steel cable was used to link the dead weight and the trip holding 

the sIngle trand. A swivel was provided to ninimtze twtting of the 

specimen. The grips for the stngl strand secimen consisted of 

tapered chucks with natchin tapered iaws ightene4 h' means of a 

nut. The surfaces of the jaws whch gripped the s3eci'en were ser- 

roted to prevent ni5.pp!.ng. 

For mearuring e,tension of the specirnen during testing, n stremo- 

meter conststng of a dial ae and etenaion rod wn used. The 

thLcaded portion of the sl'.ding bar of the dial rage ws ic:ewed to 

one end of an aìuminu" tube, th. other end of which f irmlv 

c1atped to the specimen makIng a gage length 0fO) tn'hes. The 

aluminum tube was supported by the specimen by clips at a spacing 
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of approximately 15 inches. The least count of the dial gage being 

0.001 inch, and using a gage length of 200 inches, strains of 5 x 10 

inch per inch could be determined with accuracy. The use of an alumi- 

num extension tube minimized variation in strain readings due to 

thermal ex1ansion. The light weight of the aluminum tube minimized 

sagging of the specimen and extension tube especially in the single 

strand test. 

Although the clamp nuts were tightened with a torgue of 60 lb 

ft, and therefore the possibility of clamp s1irping vas negligible, 

il: was nevertheless worthwhile to have some means of checking for 

slippage during the teat period. Moreover ft was necessary to in- 

vestigate the effect of clamping of the conductor on the creep rate. 

To obtain a measurement of these two effects the overall excension of 

the conductor was measured by means of the pointer as mentioned pre- 

Viously. The leasL count of the scale was 0.01 inch. The unic ex- 

tension of the specimen is given by 

e deflection on vertical scale 
lever ratio x overall length of the specimen 

The lever ratio was outained by calibration. 

The above f orniula shows that unit elongation could be measured 

correctly to 3 X l0 inch per inch. The unit extension so obtained 

could then be compared Wjth the uni. elongatiun for the 200 inch gage, 

and thus the effect of the gripping device could be determined. 

Temperature Control 

The effect of temperature on creep rate has already been 
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discussed, and was noted that temperature fluctuation has a significant 

effect on the creep rate. It was therefore essential to have a strict 

control of the test temperature. The loading columns were enclosed in 

a temperature controlled enclosure. The inside temperature of 75 é- 3 

degrees F was maintained with the help of an air conditioning system. 

Fig. 5 shows the entire enclosure along with the temperature conttal 

aya tern. 

Fig. 6 gives a schematic diagram of the air conditioning syscem 

employed. The air was drawn out of the enclosure by a blower fan 

through an exhaust duct provided near the ceiling near one end of 

the enclosure. The exhaust air passed over electrically heated coil 

or chilled water cooling coils. The conditioned air was then dis- 

tributed to the enclosure by a plenum chamber and two supply ducts 

running almost the full length of the chamber. The air then passed 

back over the specimens to be recirculated. 

The temperature within the enclosure was automatically controlled. 

A two way bulb type thermostat was placed near Lhe outlet end of one 

of the two supply ducts. This thermostat actuated relays which in 

turn actuated the heating coils or cooling system upon demand. A 

four point temperature recorder was used to verify temperatures within 

the test chamber as well as the ambient temperature. 
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CALIBRATION 

The test columns were calibraLed by using Baldwin SR-4 Calibration 

Kit. The Calibration Kit consists of a CalibraLion Indicator, a Stand- 

ardizer, and a Load Cell. When the Load Celi is subjected to soue 

load, it produces an output voltage proportional to the applied load 

which in turn is measured by the indicator. 

The Load Cell functions in the following uianner: Four resistance 

wire strain gages are cemented to a load element, forming a wheat- 

stone bridge. On the application of load, the surface strains of the 

load element are transmitted to strain gages, thereby resulting in 

change of electrical resistance, which in turn unbalances the bridge. 

When power iS applied to one pair of opposite bridge terminals, an 

output voltage proportional to load appears across the other pair of 

terminals. The Load Celi is compensated for the effects of "steady- 

state" temperature changes on both zero and calibration settings of 

the indicator. 

The Load Indicator is operated by batteries, and contains fol- 

lowing circuit elements: a 1,000 cycle per second oscillator, an 

amplifier, a phase-sensitive rectifier, a meter, and a measuring 

bridge. A transformer is provided in the oscillator circuit windings 

supplying power to the Load Cell bridge and to the measuring bridge. 

The difference between the load unbalance voltage and the measuring- 

bridge unbalance voltage is fed to the amplifier. The amplifier out- 

put passes through the phase-sensitive rectifier producing a voltage 

across the meter. The polarity of the voltage produced will depend 



16 

upon the direction of load, and its ra&gnitude is proportional to the 

difference between the two voltages. 

The magnitude of the reasuring bridge unbalance voltage is deter- 

mined by the position of the slidewire and the setting of a "step" 

potentionieter. This potentiometer is controlled by a switch and serves 

to suppress the indicator zero by various fixed amounts. A direct- 
reading dial is attached to the slidewire, and the potentiotneter set- 

ting is uarked in thousands cf units. 

When the Load Cell output voltage is exactly equalled by the meas- 

uring bridge unbalance voltage, Lhe meter reading is reduced to zero. 

The load then equmla the sum of the dial and switch setting, u1tiplíed 

by a constant, plus correction factor. 

A "Tension-Compression" switch allows the indicator to measure 

either tensile or compressive loads on the Load Cell. 

A standardizer is supplied for calibrating the Load Indicator, in 

case the indicator calibration changes by a small but significant 

amount (30 units or more.) 

In the past load calibration of the various columns was done with 

the aid of a strain gage ring dynamometer designed especially for the 

purpose. The units were calibrated for a range of loads from 1000 to 

8200 pound8. Results indicated that the ring sensitivity was 2.2 

pounds per division on the strain indicator, and results were re- 

producible to about 10 pounds. An examination of the creep curves 

showed waviness. One of the reasons of this w:vess could be friction. 
It was then decided to recalibrate using a more precise instrument, 
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and then to make a study of Lhc cect of friction. 

Using the SR-4 Indicator, the load could be measured to a mini- 

mum count of 0.105 lb., for the range of O to 1200 oundo, and 1.05 lb. 

for the range up to 12,000 ib. By interpolation a 1ad variation of 

as low as 0.5 lb. can be estirated for the range of O to 12,000 lb. 

Procedure For Calibration 

One end of a wire rope was connected to the takeup end of the 

unit, and to the other was connected the Load Cell, through an eye 

bolt. The other end of the Load Cell, was connected to the lever 

through another eye bolt. The loading levers were ca1brated first 

for increasing load, then for decreasing load. The first observation 

was taken wich the load of lever only1 then the lever plus weight box, 

then for every addition of 50 ib lead shoe in the weight box to a 

maximum of 400 lb lead shot. After reaching the maxi.iau load, read- 

ings for decreasing load zere noted. The ¡neter was zeroed prior each 

set of load easuremants. The load was then applied by bringing the 

lever to a horizontal position after placing a measured amount of lead 

shot in the weight box. This vas done by rotating dio takeup end 

wheel. 

The applied load was then computed from the following expression: 

L Conversion Factor (R t C) t temperature Correction. 

To check the sensitivity of the loading system aditiona1 load 

varying from 0.5 to 2 lb vere added to the weLgh box and removed. It 

was observed that the reading was never quite reproduced. It is 



* () 

believed that the sensivity f the ltvcr system and the instrument is 

about 1 lb. 

As described before two sets of obsevvationE were ob:1ned for 

each load in the weight box,, one for increasing load and the other 

for decreasing load. From Tabie 12-14, appendix it can be seen 

that no two readings are the same. Had there been no frictirnal 

effect, the two sets of readings should have been the. same. 

Calibration data for the various columns were then analysed eta- 

tistically, and the relatIon between the actual load on :he cable and 

the load in the weight box vas conputed. The details of the saisti- 

cal analysis are shown in the appendix. Plots of the results rc 

shown in Fig. 10-12 appendix. The statistical analysis shows that 

the rletion between the load in the weight box and load on the cable 

is linear. The relation can be expressed as 

yx : a bx ----------------------- 3 

where y, : &ctual load on cable, lb 

z bid in weight box, lb. 

Die cuss ion 

the standard deviation Sb of the slopes 'b' was computed. The 

details of couputations ae shoWn in the appendix. rae error in the 

estimated values of the constant 'b' for various coiumis are as 

follows 

Colutan i 3.94 

Column 2 O.79 



TAULE i 

RESULTS OF ANALYTICAL TREAT!ZNT OF CALIBRATION LATA 

Column Const Const std Error 957, Estimated Dif f in Estim and 
No * b 

5b 
in b Conf Lim Actual Load in lb Upper & Lower Values 

for for 
25 lb 400 lb 25 lb 400 lb 

in Box in Box in Box in Box 

Lower 
1 675.2 19.60 0.387 Estimated 

Upper 

Lower 
2 665.0 19.68 0.0778 Estimated 

Upper 

Lower 
5 699.86 20.056 0.0946 Estimated 

Upper 

1147.0 8352.0 
1165.2 8514.9 1.617, 1.927, 

1183.0 8677.8 

1148.1 8500.7 
1157.0 8537.0 0.777, 04257, 
1165.9 8573.0 

1194.8 8679.8 
1201.3 8723.8 0.557, 0.5047, 
1207.9 8767.9 

I- 



Column 5 0.947. 

The estimated values for the constants 'a' and 'b' are given in 

Table 1. The estimated, upper, and lower values of the actual load 

on cable for 25 lb and 400 lb load in weight box are also shown in 

Table 1. 

The results shown in Table 1 indicate that the load calibration 

for Column i is less reliable as compared to Columns 2 and 5. This 

is no doubt due to greater friction in the loading lever system of 

this column. 

Recoumendation 

The above conclusions were arrived at by treating only one set 

of observations, i.e., for each value of load in weight box, only 

two observa LIOOS were taken, one for x increasing, and the other 

for x decreasing. In order to have more reliability the number of 

observationa should be increased. 

Several readings should be taken at zero load in the weight box 

to Lest the reliability of the readitig. The average of these obser- 

vations will, be a more reliable value of the constant 'a' in the 

equation a4bx. 

The lever mechanism of Column i should be checked and adjusted 

to reduce friction. 
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TEST ATFTAL 

The material tested was aluminum alloy conductors manufactured 

by aiser Aluminum and Chemical Corporation. Tests were conducted 

on AAAC, BC and ACSR Conductors, and AAAC Lot sintïe strands. 

Specimen of AAAC were taken from two different manufacturing lots 

in which there were possible differences in processing. These were 

designated as Lot I. and Lot 2; Lot i was shipped in a coil of rela- 

tively Large diameter, wheras Lot 2 was shipped in a much tighter 

coil. 

The single strand test was conducted on the central strand 

taken out. of AAAC Conductor Lot i 

The diameter of a single strand of conductor wire was 0.188 inch. 

%'hen stranded into cable forri, a pitch of 7 inches per revolution of 

each of the six outeide stranded as employed; the center strand re- 

mained relatively straight, being deformed slightly by the stranding 

operation. It was found that the central strand of Lot 2 was 

slightly twisted as compared to the central strand of Lot 1. 

The nominai composition of the alloy is as follows: 

Nominal Composition of the Alloy 

Constituents Percent by Weight 

Hagnesium 

Silicon 0.60 

Iron O.25 

Copper 0.02Z 

Alumir.um 98.437. 



TABLE 2a 

GENERAL INFORM&T ION ON TEST CONDUCTORS 

Conductor LAAC Lot 3. LAAC Lot 2 ACSR EC 
Code Naine 4/0-Alliance 4/0-Alliance 4/O Penguin 4/0-Oxlip 
Strand Diameter, In. 0.1884 0.1884 0.1878 0.1739 

Stranding ABA (7 Strands) AAA (7 Strands) Aluminum (6 Strands) AA-A (7 Strands) 
Steel (1 Strand) 

Total Cross-Sectional Area 
Sq. In. 0.195 0.195 0.1939 0.1662 

Nosiinal Breaking Load, lb 8427 8427 8420 3590 

TABLE 2b 

TESTING CONDITIONS 

Code Lot No. Pre Load Test Load Stress Test Time 
lb UTS hr 

C-1-O-15 AAAC Lot i O 1264 157 7000 1777 

C-2-O-15 AAAC Lot 2 0 1264 157 7000 2066 

C-3-0-15 ACSR Lot 3 0 1263 157. 7000 2064 

C-4-0-15 EC Lot 4 0 538.5 l5 # 3240 a 

S-1-0-15 AAAC Lot 1 0 204 15 7000 a 

tJn1e ot:iierwise doLed 1007, UTS ' 8427 lbs. 

# looz UTS 3590 lbs. 
a Tests in Progress 
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The principal alloying elements are gne8ium and Silicon. The 

exact composition of the two Lots is not known. Small vari.tions in 

alloying eleme1Ls can cause significant changes not only in the creep 

properties but also in electrical conductivity and mechanical pro- 

perties. It is therefore fair to assume that the manufacturer main- 

tains a strict control on the alloying elements to avoid unacceptable 

properties of the products. 

The manufacturing process of the conductor consists of rolling 

the billet thto a C.375 diaxeter rod; this is followed by a drawing 

process in which the diameter is reduced to 0.334 inches. After this 

the alloy is given a solution heat treatment. Thereafter, it is sub- 

jected to cold drawing process in which the wire is reduced to its 

final diameter of 0.188 inches. This ís followed by an artificial 

aging at 350 F for 5½ hours. Fabrication is completed by coiling 

or stranding followed by coiling. 

To identify test specimens and testing conditions on each 

specimen the following code symbols have been used: First, the let- 

ter C or the letter S identifies the specimen as a conductor or sin- 

gle strand respectively; this is followed by a number which identifies 

the lot of material from which the material was made. Lot i and Lot 

2 refer to AAAC, Lot 3 and Lot 4 refer to ACSR and E respectively. 

The lot identification number is followed by a number to indicate 

the preload conditions. Finally the last two digits give the test 

load. Thus the code symbol C-3-O-ls refers to a specimen taken from 

ACSR conductor tested without preload at 15 per cent of the ultimate 
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tensile strength. Tasting conditione ara given in Table 2b. 

EXPERIMENTAL PROCEDURE 

The specimens in this $eriea of tests were teated at a stress of 

15 percent oi ultitnate tensils strength. The load to be applied as 

determined before starting the teats. This was calculated from the 

graphe plotted for calibration of different columns. Applied loads 

so determined were later checked with the values obtained *f ter sta- 

tistical analysis of the load calibration observations. It was 

f ound that he difference in two values ss less than l7. No 

calibration ws done for the coluan used for testing single strind 

s',ecimen since only a dead load was aplled. 

As mentioned before, conductors were received from the company 

in the form of a coil. Conductor coils were spread on a flat surface 

and the ends were bound with wires to soue fixes supports. The eon- 

ductors were handled carefully to avoid scratching them. It was 

observed that the specimens tend to take a helical shape when free 

and thetefore inserting the specimen as it is into the column fraa- 

work would have damaged the specimen. To avoid such damaging due o 

rubbing, and to make them straight while inserting n colum fraae- 

work, the specimens were bound in an angle iron. OhIo Brass, Cooline, 

0.30 - 0.70-inch dead ends (Cat. Nô. R6541) were atteched to the 

ends of the specimen to act as grips. These deed ende bend the 

specimen through a gentle curvature to an angle of about 60 degrees; 

and U bolt clamps, bearing against keeper piece8, hold the ends of 
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the specimen firmly. The nuts of the U-bolts vere tightened with a 

torcie of 60 to 6 lb ft. One grip was attached tO the loading lever 

link, and the other was attached to the turn-buckle. The specimen was 

then straighteued by Lightening che Lurn-buckle. The only load on 

the conducLor at this time was that oí the lever weight. 

The tension due to lever load only on different specimen was as 

follows: 

Conductor Load lb 

C-l-0-15 470 

C-2-0-15 448 

C-3-0-ii 427 

C-4-u-1. 427 

Sl0i5 Unknown 

S-l-O-15 

The overall length of ithe specimen between the two grips was 

then measured by a steel Lape, and a ae length .ef 2û0 inch was 

uiarked midway becween .he cwo çrips while the apeciiens were sub- 

jected to the above mentioned tension. At ne end of the gage 

length Lhe dial gage as fixed on Lo the specimen. The aiuiaiuum 

actuating tube was placed on Lhe specimen, one end of which was 

creved to the seti f Lhe d:ai gage, and Lhe other end was uiruúy 

fastened to the specÁ.i*n. The supportiil clips were adjusted o 

that tLÀe actuating tu'oe was parallel with the conductor. The dial 

of the sLrainoseLer was sei. o zero, and the weigh box along with 

the required quantity of lead shot was hung on knife edges of the 
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loading lever. The specimen was then placed under the test load by 

tightening the takeup nut uncil the iever floated slightly above the 

horizontal position. When the specimen was finally under the test 

load, the strainoneter readin s recwded, and also the vertical 

scale reading on the free end of the loading lever. The schedule of 

recording the strainometer and vertical scale readings svas as follows: 

First 12 hour ----- every hour 

Next 84 hours ---- every 12 hours 

Next 400 hour ----- every 24 hours 

Remainder of the test period --- every 96 hours. 

Sin&-e Srad Specimen 

The specimen was placed in the column framework, adopting the 

aaiae procedurc as used for conductora. To the ends of the specimen 

were atached grips consisting of tappered chucks with matching tap- 

pered aw tightened by means of a nut. One grip was then attached 

to the inner end of the takeup bolt and the other was attached to 

the Loading rope linkage. A load of IOU Ib was applied on the 

specimen to straighten the peciuien. The overall length oi the 

specimen between the two grips was then measured, and a gage length 

of 200 inch was marked midway between tue grips. The sLrainoueter, 

the aluminum actuating tube, actuating tube supporting clips, and 

end clamps were then mounted on to the top of the specimen in a 

manner similar lo that described for conduclor8. The dial reading 

of the strainotciecer was then brought to zero position. The test 

load was then applied by putting lead shot in the bucket attached 
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to the rope. The schedule of taking strathorneter readings was the 

saine as the conductor test schedule. 

DISCUSS ION 

Eauipiuent and Experimental Procedure 

An examination of the curves of test results reveals sorne varia- 

tions in strain measurements. Since one objective of creep tests is 

to determine creep behavior for periods beyond the test time such 

variation decreases the confidence with which such extrapolations 

can be made. 

There are evidently several causes of such variation. Sorne ap- 

pear to be inherent in the equipment and some due to the mode of 

operation. Friction in the bearings of the levers and in the straino- 

meter is probably the major factor inherent in the equipment contri- 

buting to the variation. 

During calibration of the loading levers an attempt was made to 

evaluate the effect of friction of load variation. These results, 

together with a statistical analysis, are presented in Tables 11-13. 

Examination of these data reveals a greater variation at the lower 

loads and the variation is greater in Column i than in Columns 2 or 

5. Error in the estimated value of the slope b for the three co1ums 

are Column i - 3.94,, Column 2 -O.797 and Column 5 -O.94. 
Similar effects on atrainorneter readings were observed when 

setting up for the current series of tests. At this time the con- 

ductor was subjected to the lever load only, the dial gage set at 
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zero, tne Ìever raiseu LO a siighiy higher poiiion then lowered 

careruiiy to the Lever load ìoájtiOfl. This action reaulted in a dial 

ga variaLion of 0.8 to 1.5 divisione. 

Ttiare appears to be soue frictional effects in the straino 

meter due to friction in the dial gage and between ehe actuating 

tube and ita supports. Io alleviate this Lriction it is standard 

practice ro tap the dial gage with a pencil until no further move- 

ment oi the pointer is observed. When this is done a moveint of 

rtie pointer of from 0.5 to 2 divisione is observed. Evidently the 

amount of movement depends on the degree and intensity of tapping. 

During the current series of tests an attempt uas made to standard- 

reading procedure by tapping the dial gage case only five 

times with the rubber eraser of a pencii. 

Other sources of variation were accidental touching of the 

levers during insrailation of conducLors in adjacent test columns, 

to accidental sticking of the lever pointer on its scale and to the 

possibility of increased friction be.ween che acruaLing tube of the 

exten)mecer and irS supports due ro deviations in straightness and 

the actuating tube. 

Creep Daca Anaiysi 

If the creep data are plotted on log-log coordinates, a straight 

line results for data after a variable initial period. This feature 

is illustrated in Fig. d-9. This fact would indicate that the creep 

daca, for times beyond the initial period, can be expressed by the 

equation 
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Bt' - 4 

where = creep strain 

t = time 

B and n are constants 

If the above equation is rewr.tLen in the iogarithmic form, the 

linearity becomes apparent 

iog : log n log t ----------- 5 

Now n becomes the slope of the straight line on log-log co- 

ordinates and B Decomes the intercept at t 1 hr. 

This is the saine form as equation 2 found by Cottreil as men- 

tioned previously. Rodee (9) has shown that the creep data for ACSR 

conductors can be represented by equation 4. Paasche and 011einan (7) 

have also used the same equation to express the creep data on AAAC 

conduc tori. 

The deviation from the straight line in initial period may be 

due to some mechanism, other than metallurgical phenomena, which 

later on dies out or becomes negligible. During the initial period, 

the specimen seems to be undergoing strand settling and straighten- 

in as weil as metallurgical creep. The first two can be expected 

to di out with tini. It is seen from Fig. 8-9, that the deviation 

is more apparent before about 500 hours; thereafter the data follow 

a straight line. Experinnts conducted in the past (8) indicate that 

a constant slope results before the first 500 hours of test. There- 

fore the constants n and B have been evaluated using the data after 

the first 500 hours. It appears that the slopes for AAAC Lot 1 and 
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Lot 2, and ACS are approiatc1; the saine. 

The test da.a on AAC Lot i, single strafld is highly unreliable 

due to alfunctioning of the equipment, and therefore it hai not been 

shown Ln Fig. 8. As the load o MAC L)t i speciucn was disturbed 

by someone, the test was, therefore stopped after about lOO hours. 

Since the data obtained show sone variability, it vai necessary 

to statistically analyze Che data to ascertain the reiiabilty of the 

te results. Moreover was neesiary to deLerwnc the constants 

n and 1, so as to extrapolate the re3ults to longer tiie perIod. 

Determination of the Slope 'n' 

The constant 'n' which is the rate of change in creep straíil pe 

unii: tine based n logrithic scala, has been contputed using two 

experiuonti]. points, one at or near 300 hours, and the other at the 

end of the The data points in berween the above- 

entianed points are used to check the reliability of the slope and 

also the log B intercept. 

Determination of Log B 

Th; line of slope n is nede to pass through the center of gra- 

vity of the selected data points. The intercept of this line on the 

log ordinate at I hour io the required value of log E. The center of 

gravity of the selected data poì.ts is tte arithnetic mean of the log 

C '2 and log t's. 



Reliability 

Xhe estimated vaiues of n0 its standard deviation, which is a 

aieasure ot reliabiLity of estimates, and the value of B are given in 

Table 3. It is seen that if the estimated values of n are pooled to- 

gether, the pooied n : 0.265 and pooled standard deviation equals 

0.0754. For the test conducted, it appears that on the average, 

slope n uiay be in error by approxiraately 57 percent. 
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TABLE 3 

RESULTS 

0F 

ANALYTICAL TREATMENT OF CREEP DATA 

Specinien n Std. Dey. B 9O7. Estimated 

No s in n Conf 14m thitep Mioin/in 
(a) Syr lOyr 5Oyr 

Lower 110 120 150 

C-1-O-1k 0.242 0.0674 15.10 Estimate 200 240 350 

Upper 360 470 850 

Lover 220 240 300 

C-2-0-15 0.266 0.0997 23.03 EstLniaLc 400 ¿4.80 130 

Upper 710 930 1770 

Lower 210 230 300 

C-3-O-15 0.288 0.0591 17.04 Estimate 370 450 720 

Upper 660 890 1740 

(t) 
Confidence Linits are I.iuits which may be placed on the extra- 

o1ated values to indicate their reliability. The 90 percent con- 

fiden 1iuiti ar limits auch Lhat for a large number of tests, nine 

tii:oes out of i.en the true value of unit creep strain for each test 

wotìd be expected to be be_ween limits calculated for each test. 
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TABLE 3a 

RESULTS OF ANALYTICAL TREATMENT OP CREEP DATA 

FOR THE TEST IN PROGRESS 

Specinen n B Estiiated 50 yr 
No. Unit Creep 

Micro In/In 

S-l-O-15 0.315 8.40 504 
C-1-O-15 0.334 7.53 580 
C-2-O-15 0.354 13.70 1340 
C-4-0-ii 0.542 1.50 1710 

Note: The above results are tentative as they are based on the 

data obtained during the first 500 hours. Therefore, they are liable 

co change .then the complete data are analyzed. 

The constants n and B were calculated by using two experitnental 

points; namely, the point at about 300 hours, and the point at about 

500 hours. 
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CONCLUS IONS 

1. Ic appears that AAAC conductor Lot 1 creeps less than AAAC con- 

ductor Lot 2. 

2. The creep rate of AAAC, conductor Lot i and the single strand are 

approximately the sanie. 

3. The difference in creep rate of AAAC Lot 2 and AAAC Lot i is due 

to fabricating procedure. 

4. AAAC Conductor Lot 2 and ACSR seem to have no difference in their 

creep rates whereas AAAC Lot i has a considerably lover creep 

rate. 

5. The estimated values of creep strain after 50 years are approxi- 

mately the same for AAAC Lot 2 and ACSR, whereas AAAC Lot 1 has 

a considerably lover creep strain. 

6. The cause of large standard deviation seems to be due to 

a. friction in the actuating rod and supports, 

b. friction in the loading lever mechanism, and 

c. variations in technique of reading the straino- 

meters. 

7. The loading lever mechanism of Column i has higher friction than 

the mechanisms of Colunin 2 and 5. 
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R1COMtNDATIONS 

i. Ali coluums should be recalibrated for zero load in the weight 

box. Several observations should be taken at thiB load. The average 

value of these observations would then give a more reliable estimate 

of the constant 'a in the load calibration equation y s C bx. It 

is not necessary to repeat the entire calibration, as the statistical 

analysis has shown that the error in the estimated slope 'b' is within 

reasonable limite, except for Column 1. 

2. The lever mechanism of Column i should be adjusted, or modified 

to reduce friction. 

3. An enclosure should be provided around the loading levers to 

prevent accidental loading or unloading. Example: The theft of lead 

shot such as occurred on Coluam 5. 

4. Movable partitions should be provided between the loading levers 

to facilitate individual adjustments without disturbing the adjacent 

levers. 

5. The column framework shouLd be enclosed individually, for the 

same reason as 4. 

5. The 8train measuring device should be modified to eliminate or 

reduce, as much as possible, the friction between the actuating rod 

and supporting clips. 

7. The technique of reading the strainometers should be standard- 

ized by setting up routine procedures for tapping the dial gages and 

for actuating rods. 

8. Tests on ACSR conductor should be repeated. 
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Figure 2. Test: Chambers arid Loading Levers. 



Figure 3. Arrangement of Testing Columns 
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TAlLE 4. EEP TEST DATA 

SUBJECT CREEP RST: ConducLo Lot 1 Speciian Ç PogiLion 4 

BY: Q. G. 'aasche - Pre* 'rasad DATE: Decetuber 26 1958 1037 Rours 

GENERAL DA1 4/O AAAC CABLE Ç-1-O-15 GAGE LENGTH: 200 Zn. (Set: a Lever Load) 

LEVER l'IJLTIPLIC&TION: 22.0 to i Z&UU ALUMINUM AND 1ICAL CORPORATION 

TEST L.D: 1264 ib. 15 (3427 lb.) 28.75 Lead Shot 

COLUMNS kengtbl.tweenGipg 24ft.lOin. 

Strain Cage Readings Overall Elongation 

Elapsed Strain Change In Unit Scale Change Overall 
Ti Gags Strain Gage Elongation Reading. Of Scale Elongation 
Hour s Readings Readings Micro-inches / In. Inches Read £ng Thousandths In. 

Thousandths In. Thousandths In. Inches 

Lever load only (470 lb.) 
O 112.8 Test load 1.10 

LO 113.8 1.0 5.0 1.18 0.08 3.64 
2.0 114.2 1.4 7.0 1.23 0.15 6.82 
3.0 114.4 1.6 8.0 1.28 0.18 8.18 
4.0 114.9 2.1 11.5 1.30 0.20 9.09 
5.0 115.0 2.2 32.0 1.32 0.22 10.0 
6.0 115.3 2.5 12.5 1.34 0.24 10.9 
7.0 115.5 2.7 13.5 1.43 0.33 15.0 
8.0 116.0 3.2 16.0 1.50 0.40 18.2 



Elapsed Strain 
Tine Cage 
Hours Readings 

Thousandths in 

TAlLE 4. (cont.) 

Strain Gage Readings 

Change In 
Strain Gage 
Readings 

Thousandths in. 

unit Scale 
hengst i Readings 

KicroInches! in. Inches 

Overall Elongation 

Overall 
Of Scals Elongation 
**adlngs Thousandths In. 
Inches 

9.0 114.3 3.5 I7. 142 O.2 19.1 
10.0 L1L9 4.1. 20.5 133 0.43 19.55 
11.0 117.0 4.2 21.0 1.33 0.43 19.55 
12 . O 117.0 4i 21.0 iM 0.44 20.0 
13.0 117.1 4.3 2l. 1.54 0.44 20.0 
24.0 u7.$ 1.0 250 1.58 0.48 218 
36.0 LIsa 39 295 1.60 0.50 22.75 
48.0 u,ao *2 33.0 1.60 0.SG 22.75 
60.0 hI.2 6.4 32.0 1.61 0.51 232 
72.0 113.2 6.4 32.0 i.8 0.58 26.4 
84.0 1I.4 6.6 33.0 1.0 0.59 26.8 
96.0 120.0 7.2 36.0 1.73 0.63 28.65 
121.1 Iu* 8.8 44.0 200 0.90 40.9 
145.1 122.0 9.2 46 2.02 0.93 41.8 
169.1 122.2 1.4 47.0 2.03 0.93 42,3 
193.1 122.7 9.9 49.5 2.06 0.96 43.7 
217.1 123.2 10.4 52.0 L$é 0.76 34.6 
241.1 1231e io.a 51.0 2.00 0.90 40.8 
266.9 123.2 10.4 52.0 2.05 0.95 43.2 
291.2 Inh U,O 55.0 2,10 1.00 454 
313.2 124.0 U.* 6.0 2.12 1.02 46.4 
337.2 LM.S LI 58.5 214 1.04 473 



ThZZ 4. (c.c,.) 

SLraiA Gagc R*.diags Overall K]Qngt:'n 

!1ap.d Strain chim*e ti* Unit za1e thauge Overall 
Tim. Gage Strain Geg. Lugation a4ing Oi Sali EltiD 

Readtn Readiuga Micro -tuch«a!In. !nchea Resdings ThusndLbs Itt. 

lniusandtha Lu. Thousandti L. 1nces 

38t.2 I.25.*) 12.2 61.3 2.13 1.03 46.8 
411.2 1li. 12.2 61.G 2.l I.O 48.2 
433.2 12511g 12q3 61.5 2.18 1.0* 49.1 
529.2 1.2.6 131,5 69.0 2.2.2 1.12 SO.8 
623.2 u.7.o 24.2 71. 232 &.22 55.3 
721.2 128.2 LL4 11.0 2.43 1.33 60.5 
8 ' L1.& I . .4 

£.LI.;, 
i i £.i - r IJ.J 

, 

£.'0 4 
L. 

- -. 

913.2 128.8 14.0 80.G 2.47 1.37 62.3 
1009.2 12.0 36.2 31. 2.3) i,40 3.7 
1105.2 129.3 16.3 32.5 2.56 L.4 66.4 
1201.2 129.9 17.1 ß35 Z.& 146 
1297.2 129.9 usi 85.5 2.58 1$ 67.3 
1393.2 ¡30.6 tl*8 89.0 2.53 1.43 65.9 
1.40.2 130.6 L7.* 89.0 2.6k, 1.30 68.2 
U$5112 130.8 18co ;o.c 2.62 1.52 
11.2 131.0 11.2 91.0 2.63 1.53 69.6 
InhI, 131.3 iLs 92.5 2.64 

Loading disturbed by eoie, test discntinued 
a; 1200 houra t Hch 14, 1959. 

4.,. 
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TABLE 5. CREEP TEST DATA 

SUBJECT CREEP TEST: Single Strand Lot i Speciaen 35 Position 3 

BY: Pretn Prasad - 0. G. Paasche DATE: Deceiber 26, 1958f 1100 hrs 

GENERAL DATA 4/0 ALUMINUM CONDUCTOR CABLE S-1-O-15 AAAC 

CAGE LENGTH: 200 In. kSet at 54 lb.) KAISER ALUMINUM AN]) CHEMICAL CO 

TEST I,OAD: 204 lb. - (15Z of 1360 lb.) 

COLUMN 6 Length Between Grips 24 ft. 3 in. 

Strain Gage Readings 

Elapsed Strain Change In Unit 

Tune Gage Strain Gage Elongation 

Hours Readings Readings Micro-Inches/In. 
Thousandths In. Thousandths In. 

Load 54 lb. 

Grips slipped during loading - Load not reset to 54 lb. 

toad unknown 

o 62.7 Specimen twisted, gauge reset to 

horizontal position 
O 54.5 New reading after setting gauge 
1 55.3 0.8 4.0 

2 55.7 1.2 6.0 

3 56.2 1.7 8.5 

4 56.4 1.9 9.5 

5 56.7 2.2 11.0 

6 57.2 2.7 13.5 

7 57.3 2.8 14.0 

8 57.4 2.9 14.5 

9 57.7 3.2 16.0 

10 57.9 3.4 17.0 

11 58.0 3.5 17.5 

12 58.0 3.5 17.5 
23 58.8 4.3 21.5 
35 59.6 5.1 25.5 
47 60.1 5.6 28.0 
59 60.2 5.7 28.5 
71 60.2 5.7 28.5 
83 60.2 5.7 28.5 



TABLE 5. (CflL.) 

Str*in Gage Readings 

LLup2d Str*iu 
Gase 

Hours Read tugs 
Thouaaudtbs In. 

95.0 60.2 

120.1 60.2 

144.1 60.6 

168.1 
192.1 60.() 

216.1 60,8 
240.1 60.6 
2S.9 60.2 
290.2 60.2 

Strainonster was nota.ced slipping 
di*l set st 60.2 

31.2.2 59.2 

36.2 60.2 

360.2 
385.2 60.7 
410.2 
432.2 61.0 
528.2 61.8 

626.2 62.6 
720.2 63.2 

816.2 63.4 
912.2 63.8 
1008.2 63.3 
1104.2 66.7 
U002 6.1 
1296.2 

1392.2 65.7 

1488.2 65.9 

1584.2 66.1 
160(2.2 66.4 
1776.0 66.7 

67.1 
1968.0 67.1 
2064.0 672 

change In 

Zratn Gage 
Readings 
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Uni t 

E1orgatton 
Micro-Inches! In. 

'flsoundths In. 

5.7 28.5 
5.7 28.5 
6.1 30.5 
61.1 30.5 
6.1 30.5 
6.3 31.5 
6.3 315 
5.7 23.5 
5.7 2S.5 

fl58!V7 dfuti*nts usde arid 

4.7 23.5 
5., 28.S 
5.9 29.5 
6.2 31.0 
6./ 32.0 
6.5 32.5 
7,3 36.5 
8.1 40.5 
.I 43.5 

8.9 44.5 
9.3 46.5 
8.8 44.0 
10.2 51.0 
10.6 53.0 
io.;' 53.5 
11.2 56.0 
11.4 57.0 

111.6 58.0 
11.9 59.5 
12.2 61.0 
12.6 63.0 
12.6 63.0 
12.7 63.5 

Test coiipl.t*d at 1200 hours on Parch 22, 1959 



TABLE 6 CREEP TEST DATA 

SUBJECT CREEP TEST: Çot4uctor Lot 2 Sp.cieu C Foiitten 3 AC 
BY: O. G. Puscke Pre aaad TE: 26 I958 0950 Uouzs 

GENERAL !TA 4/0 ALUMINUM C 3NDU1C CAL* GAGE LENGTH: 200 . (Set st Lever Load) - 

LEVER )IJLTIPLIC&T ION 20.8 ta MU* ALM AJ C$ICAL CORPORATiON 

TEST LOAD 1264 ib. - 15?. (8421b $25 Ib shot 

:; ___________ 

----- - - .--- -. : -i'- - - . 

Strain Ga Readtngn OVt*1I Elongation 

Elapsed *trai* change In Unit ScsJ.e change Overall 
Tii ca Strain $age Elongation Readings Of Scale Elongation 
Rours Readings *ss4ias *cro-lnchee/ In . Inches Readings Thousandths In. 

Thoue*ndthi ¡n. Tho.amndths 1*. IncMs 

0.0 00 Lever load only (43 Lb.) 
L. t*i. 98.9 Test load (1264 lb) 4,93 
I4 100.4 1.5 1,5 4.82 LII 5.28 
z* 101.2 2.3 11.5 4.75 4.1$ 8.64 
3.7 101.5 *.* 134.0 4J4 0.0 9.12 
.7 L.8 ! øj 72 0.21 10.08 
57 103.0 4.1 20J 4.71 0.22 10.57 
6.7 103.1 44 21.0 4 JO 0.23 11.04 
1.7 203.3 4.4 12.0 4.67 0.2 I2.1 
8.? Z03,4 5 22.5 4.ó LI? 12.17 p. 

.4 



6 (cost) 

- 

- -e-- - 

Strain G*$e M*ding 
- 

I1 Elongation 
E Iapad Strain x u Scale bange 
Tiie Cage Sttau Gage Etotgtiti R*a4LUs O ca1a Eat10 
Routa Readings Iea4inga Micro-Inches/In. Inchs* *sadings Thousandths In. 

ThouaudLkR In. Thentiths a. Inchea 

9.8 1.03.5 4.6 23.0 4.66 0.27 U.fl 
10.3 103.9 3.0 a.o 465 0.28 13.43 
U.S 104.4 ,.$ 21.3 4.65 0.28 13.43 
12.8 104.5 3.16 2*0 4.64 0.29 13.93 
13.: 104.6 3.7 28.5 4.63 0.30 14.4 
24.8 105.9 .o 30.0 4.56 0.37 11.78 
36.8 107.6 LI 43.5 4.54 0.39 18.73 
48.8 108.7 9.8 49.0 4.53 0.40 19.21 
60.8 109.3 10.4 52.0 4.48 0.45 21.6 
72.8 110.2 11.3 56.5 4.40 0.53 25.45 
848 111.2 12.3 61.5 4.36 0.57 27.4 
96.8 111.5 12.6 63.0 4.34 0.59 2$.35 

121.9 113.5 14.6 73.0 4.30 0.63 30.25 
145.9 114.3 15.4 77.0 4.26 0.67 32.2 
169.9 114.7 15.0 79.0 4.23 0.70 33.6 
193.9 116.1 17.2 86.0 4.28 0.6.5 31.2 
217.9 18.0 900 4.34 0.59 38.35 
214.9 117.1 18.2 93.0 4.26 0.72 34.6 
267.7 117.5 1L6 93.0 4.16 0,77 37.0 
292.0 10.3 20.4 102.0 4.11 0.82 39.4 
314.0 119.4 20.5 102.3 4.10 0.83 39.85 
338.0 120.1 21.2 106.0 4.07 0.8 413 
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TÁßLE 7. CR.EE TEST DAU 

SUBJE OREE? TEST: Conductor tot 3 ACSR Specimen Lt 

Y: O. G. a&sc1e - Prem Pra sad MTE: cber 2, 1.958, 1010 Hws 

DATh 4/O Lth4tNUM ONDUCO& GABt?. C-3-0-15 GAGE ¡.E*TH 200 in. (Set st Lever Load) 

LEVEL )WLTII4ICAION 20.6 to L AISEk ALUUNUM A 1flGAL CQRPATIOI 

TEST LOAL : 1263kb. - i5i. (8420 Ib.) 30.25 ib. Shot 

OELD1 2 Lsa!th eween Grips 24 ft. - 3 in. 

Strain Gag. Ruadinga Ov.raIi Etongatin 

EIpsed Strain Change In Unit Scale Ghange Overall 
Time Gige Strain Gags E1mgion Readings Of Scale Elongation 

Readings Readings Micro-Inches/In. Inches Readings Thousandths In. 
Thousandths In. Thousandths In. Inches 

Lever load only (427 lb.) 
;).t) 91.4 Test load (1263 Ib.) 
1.3 92.8 1.4 7.5 
2.4 93.5 2.1. 11.5 
3.4 94.0 2.6 13.0 
4.4 95.1 3.1 18.5 
5.4 .8 4.4 22.0 
6.4 96.0 4.6 23.0 
7.4 96.2 4.8 24.0 
8.4 96.2 4.8 24.0 

5.21 
s.2 LO? 3.4 
3.15 0.12 5.82 
5.14 O.33 6.31 
5.10 0.17 8.25 
s08 0.1v 925 
5.06 0.21 10.2 
5.05 L22 10.7 
5.04 0423 11.17 'J' 



TANJE 7. (cont.) 

Strfltn Gage Red1ngs Overl Elongation 
F1aped Strain Chang. In MLt $cals Change Overall 
Tii Gage Straiu Gages Flotgaton Readings Of Scale Eloiwa n 
Røur Readings Readings Ktcro-lachss/In. lachee l..ding. Thoisandtha In. 

Thousandths In. Thousandths In. luchas 

9.4 9ö.3 4.9 2g.) ,.04 0.23 11.17 
10.4 97.0 5.6 28.0 ï.O3 0.24 11.65 
11.4 97.2 5.* 29.0 ,.U3 Ci.24 
12.4 97.3 5.9 29.5 5.02 0.25 12.13 
13.4 97.3 5.9 2:.'.; ).ç.ì û.2Q 2.63 
24.4 9$. 7.2 36.0 4.94 0.33 16.05 
6.4 100.1 8.7 43.5 4.90 0.37 17.98 

/'LLs 100.7 9. 4ó. 4.9 .38 £3.45 
O.4 101.2 9.8 49.0 4.7 O.4i 1.43 
12.4 101.7 io.3 51..5 4è .47 22.83 
34.4 LoZ.4 &L.O 55.3 4.78 23.81 
96.4 102.8 11.4 57.0 4. .3.2i 
12L.5 104.8 1_4 67.0 4.70 0.57 27.70 
145.5 105.3 13.9 69.3 '.68 0.59 28.65 
1.69.5 106.8 15.4 77.0 4.( 0.61 29.63 
193.5 108.2 16.6 83.0 4.G,' 0.60 29.15 
217.5 108.2 17.6 88.0 4.69 0.58 28.20 
241.5 100.5 16.9 84.5 4.61 0.á 32.05 
267.3 108.1 16.5 82.5 4.59 0.68 33.05 
291.6 108.7 17.1 85.5 4.56 0.71 34.50 
Pointer got stuck up with scale) cleazance nade a 1500 houre. 
313.6 109.2 17.6 88.0 4.53 0.74 35.95 
337.6 109.6 18.0 90.0 4.31 0.76 36.90 



7. 

Strain Cage Raadings Overall. TUongation 

ùtsed Strain Cbançs In Unit Scale Changed Overall 

Time Gage Strain Gage Eiongatim 2.eadins !lget!on 
flours Zeadings Radinge t4icrolnchee/In. Inches Readings Thousandths In. 

Thoueandth! In. Thouaudths Zn. 

361.* IQS8 1L2 l.O 4JO u.0 3.4ß 
38&6 110.2 tt3 93.0 4.50 0.71 31.40 
411.6 Il0 W.L fl.$ 4.4/ GJO 3IJS 
433.6 110.1 U.l SEi 4 . .5 0.12 39.*5 
:,Z9. 112.4 104.0 4.39 41.15 
625.6 114.0 224 1iL 4h27 O4IQ 47.4 
721.6 114.3 24.7 Ifl.5 4.17 l.ß 52.5 
t7.b ils.. 24.2 12i.) 4.13 1.12 i4.4 
I3.6 117.. 2.4 t21.0 4.08 1.LÌ 5ó.3 

1009.6 IlLS V.9 U9. 4.u. A.ZZ 

1105.6 10.3 26.7 133.3 3.90 
1201.6 120.0 27.4 131.0 3.L4i 1.31 

1297.6 120.') 27.4 137.0 3.k7 1.33 7.O 

1393.6 121.0 23.4 142.0 3.36 1.39 17.5 
l48.6 UL2 28.6 143.0 3.38 1.43 70.4 

1.585.6 131.1 29.1 245.5 3.78 1.47 71.4 

L6P.6 122.0 29.4 147.0 3.77 1.48 71,8 
1177.6 122.3 2.7 ¡.48.5 3.76 1.49 fl.3 
1873.6 122.8 30.2 151.0 3.73 1.52 73.1 
t,6.6 122.9 .3 151.5 3.13 1.52 13.3 
205.6 123.4 301 154.8 3. 1.52 73.8 

tut .)*ta4 at 120f) hours on March 22 1959. 

F2 



iABLE S. RELk fEST DATA 

SUJJECT CREEP TEST: __Conductor i I. e-1-0-15 

IT: O. G. Paacbe - Pra*d DATE: Ma.rcí 30. 1959 35 houra 

GENERAL DATA 4/0 AMC Cable LGE LENGTh: 200 inch (Se.. i: Lever Load) 

LEVER MULTIPLICATION : 22,0 to i ¡C&1SR AiA7L1I}UM C)EP LON 

TEST II.D: 1264 1h. - ISZ (8427 lb.j 28.74 flí. Lead shot ________ 

COLUMN Lenh of Conductor Yeien Gr', 7 Lt. 1 in. _____________ 

C::;:ai:: Ck: rdigs Orera1l !1ongrion 

E1aped Strain Qiangs In Unit- Scale Ghangt Overall 

Tt Ge Si;ai;& adlu or S.a1e 

Hours Readings R.adings Micro-Inches/In. InChes leadings Thouaandtha In. 

Th%.)uaau.Là lu. Thoieaw1.ho ¡u. 

o o Á4evei: Load Oi1y 
o 1O.0 Test Load Applied 1.47 
i lOó.9 0.9 4.5 i.5U 0.03 
2 107.0 1.0 5.0 1.51 0.04 1.82 

3 107.3 1.3 6.5 1.53 O.6 2.73 
¿t 107.8 1.8 9.0 1.55 0.0 3.64 
5 108.1 2.1 10.5 1.56 0.09 4.09 
6 108.4 2.4 12.0 1.57 0.10 4.55 
7 108.5 2.5 12.5 1.59 0.12 5.46 
3 108.9 2.9 i4.3 1.59 0.12 5.46 
9 109.0 3.0 15.0 1.59 0.32 5.46 
10 109.0 3.0 15.0 1.59 0.12 5.46 t." 



tl*IZ 1. (eat) 

--- 
J J JL 

"Rs adtas ØW*r*1J Elongation 

*lpM Strain nge tu it a1. cMngs *rs1i 

Gag. Strain Gags E1tLoa Of Scale Elongation 

Readings Readings iicrolncbsi/ In. inch.. .adings Thousandths In. 

sndtb. b. Th.uaandtks in. Inches 

uo 109.1 3,bI 13.5 1.60 0,13 3.91 

12.0 109.2 3.2 16.0 1.60 0.13 3.91 

ILS 109.2 3.2 16.0 1.61 0.14 

24.5 i..9 3.9 19.5 1.65 0.18 5.19 

fl.5 uo.s 4.8 24.0 1.68 0.21 9.32 

45.3 111.5 5.5 27.3 1.72 023 11.37 

40.3 lusO .o 30.0 1.75 0,2* 12.74 

ILS 1123 6.3 31.3 1.77 0.30 13.10 

$4.3 112.6 4.6 33.0 1.78 0I31 14.01 

96.5 112.1 6.8 3L0 1.79 0.32 14J6 
108.5 113.3 7.3 36.3 1.79 0.32 14.56 

120.5 113.. 7.1 38.0 1.10 0.33 14.94 

132.5 113.7 77 38.3 1.51 034 13.42 

1M.$ 113.9 79 *J 1.82 0.33 15.92 

168.3 114.1 8.1 40.3 1.85 O..* 17.2$ 

1,1.5 114.4 8.6 43.0 1.85 0.38 17.2$ 

216.3 114.1 8.8 44.0 1.89 0.42 19.10 

240.3 US.3 9.3 .3 1.91 0.44 20.00 

264.5 113.3 9.5 47.3 1.92 0.43 20.40 

2a8.3 114.2 10.2 51.0 1.93 0.46 20.87 

312.5 116.4 10.6 52.0 1.93 0.46 20.87 

336.5 U6J tO.5 52.5 1.94 047 21.40 



ThJIZ 1. (eot.) 

-- 

Strain 0ss Readings G.suU *longsUon 
Elapsed Strain Change In it Scale Change Overall 
Tio* Gag. Strain Gage Z1..gattan Readings 0f Scale Elongation 
Hours Readings Reading. flLero.Inchas/Ia. Inches Readings Thousandths In. 

usandtks In. Thousandths In. Inches 

360.5 10.6 S3.O 1.96 0.49 22.20 
384.6 UJ 10,9 1.99 0.52 23.60 
408.6 f7,1 11.1 .S 1.99 0.52 23.60 
432.6 117.4 11.4 37.0 1.99 0.52 23.60 
456.6 117.4 11.4 37.0 1.96 0.49 22.20 
480.6 113.0 12.0 60.0 1.96 049 22.20 
504.6 118.2 12,2 61.0 1.9.1 0.5 23.15 

.t is Pxo*ss 

1-n 
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TABLE 9 QBEP TEST DATA 

SIIBJ1C'I CREEP T!ST Sin1 nd Lot 1. S-l-O-L5 

BY; O. G. Paasche - Prem Praad U; March 3O 1959 L045 hours 

GENERAL DATA 4/O MAC G&GE LENCTU 2')O j (Se.at_75 lb, koad) 

AIER ALU!1flWM AND CHEMICAL CORPORATION 

TEST LOADs - 204 lb. -(l51 c,f 136Ç) lb.) 

COLUMN 6 Length ,f Conductor Between 3rips 20 f 1.1 3/4 In 

Strain Gag. Readings 
Elapsed Strain Change In Unit 
Tiii Gage Strain Gage Elongation 
Hours Readings Reading. )ttcro-Incbsi/ In. 

Thousandcba In. ThQusandths In. 

O O 751b.Load 
O 103.5 Teat Load Applied 
0.1 103.9 0.4 2.0 
1.7 106.0 0.5 2.5 
2.7 104.4 09 4.5 
3.7 104.8 1.3 6.5 
4.7 105.2 1.7 8.5 
5.7 105.6 2.1 10.5 
6.7 106.0 2.5 12.5 
77 106.4 2.9 14.5 
8.7 106.8 3.3 16.5 
9.7 106.9 3.4 17.0 
10.7 107.3 3.8 19.0 
11.7 107.6 4.1 20.5 
12.2 107.8 4.3 21.5 
24.2 108.1 4.6 23.0 
36.2 108.8 5.3 26.5 
48.Z 109.1 5.6 280 
60.2 109.6 6.1 30.5 
72.2 110.0 6.3 32.5 
84.2 110.2 6.7 33.5 
96.2 110.4 6.9 34.5 

108.2 110.6 7.1 35.5 
120.2 110.8 7.3 3.5 
132.2 111.0 7,3 37.5 



57 

TA3LIE 

Strath Cag 

E1*ps.d Strain Change in Unit 
liuze Gag. rain Gage E1ngation 
Rours R.adtnge Raading8 Micro-Inchms/In. 

Thouaandtbs In. Thousandths In. 

144.2 1Li.4 7.9 39.5 
168.2 111.5 S.0 40.0 
192.2 112.3 8.8 44.0 
216.2 112.5 9.0 450 
24U. Li2.b 9.1 
264.2 1i2.9 9.4 47.0 
288.2 113.4 9.9 49.5 
312.2 :Lt3.7 1.0.2 51.5 
336.6 114.1 10.6 
360.6 114.2 tO.? 53.5 
384.6 114.4 10.9 
408.6 114.5 11.0 55.0 
432.6 114.7 11.2 56.0 
456.6 114.8 11.3 56.5 
480.6 1L5.5 12.0 60.0 
504.6 115.5 12.0 60.0 

Teat in Progress. 



lo cp:i T1T iA'tt 

SUBJECT 3.EEP TEST : Conductor iot 2 C-2--i5 AAAC 

BY: O. G. Pa*.che - rsa Prasad DAlE: March 3O 19, i025 hours 

GENERAL DATA 4/O C-2-O-L GAGE LETh: 200 in. (Set i Lever Load) ___________ 

Lsver italtiplication: 20.8 to i &ISER ALUMINUM AND MIGAL CZPiEATI1 

TEST LQAD: - 1264 lb. - t5Z(8427 1b.) 30.25 lb. 4iot 

ÇOLUW 1 Leth t Co!1d'ict twe'i 4ps 24 f. ¡lI4 th. ______ ___________ 

Strain Gage te*dings Oveza1i Z1c'gatio 

Elape*d Srain change In Unit Scs).e iangs Ovrall 
Tit!r CaZe SLrath Gase Elongation Readfi )f scale E1gRtion 
Uours Readinge R:n3i 14icto-lnche/ln. Irtches edinv Thaadhs In. 

Thoutardths T.n. Thousatdt.h In. Incites 

0.0 (.o Lever Loid Jiy 
0.0 97.9 
0.0 97.3 97.8 Teat Load Appl1e li.25 

1.1 99.5 1.7 8.5 4.23 0.02 
2.1 99.8 2.0 10.0 4.20 0.05 2.40 
3.1 1'Y.2 2.' 12.0 £.17 0.03 3.84 
4.1 101.0 3.2 16.0 4.15 0.1.0 4.81 
5.1 101.4 3.6 17.5 4.13 0.12 5.77 
6.1 101.7 3.9 19.0 4.12 0.13 6.25 
7.1 101.3 4.3 19.5 4.10 0.15 7.21 
8.1 102.5 4.7 23.0 4.10 0.15 7.21 t;, 



TA$ØÉ iL (cont.) 

Gags Reading. Overall. Elongation 

Elapsed Strain Ghange In Unit Scale Changs Overall 
Ti.s Gage Strain Gage Readïng* Of Scale Elongation 

Reading. Readings Micro- lechee/bi. lachee Reading. Thousandths In. 

Thousandths In. Thouaaadthe la. Inch.. 

9.3. 102.7 9 M..O 4,10 0.15 7.21 
14è.l ia., 3*3. 23.0 4.08 0.17 8.17 
11.1 10340 25.5 4.06 0.19 9.13 
iLl l$3.l s. '3 26.0 4.03 0.22 1O.8 
12. 1*3,1 5.3 26.0 4.03 0.22 
24.6 .$ 33.5 3.96 0.29 13.90 
36.6 10*7 L' 44.0 3.90 0.35 U.0 
48,6 III LO) 51.0 3.85 0.40 19.30 
60.6 1rn.. 11.2 56.0 3.01 0.44 21.15 
72.6 109.5 11.7 58.5 3.7e 0.49 23.53 
84.6 UO. iLl 64.0 3.14 0.51 
96.6 111.2 134 67.0 3.72 0.53 25 50 
108.6 111.9 14.1 70.5 3.70 0.55 26.45 
120.5 112.3 14.7 73.5 3.67 0.58 27.90 
132.6 1ua 14.8 74.0 3.66 O.9 28.40 
144.6 112.1 13.0 75.0 3.65 060 29.87 
168.6 113.0 iLO 80.0 3.60 0.65 31.25 
192.6 115.0 17.2 86.0 3. ; M 0.69 33.20 
216.6 113.6 17.1 89.0 35* 0.71 34.15 
240.6 IU..5 10.7 93.5 3.52 0.73 35.10 
264.6 117.2 19.4 97.0 3.50 0.75 36.10 
288.6 117.0 20.0 100.0 3.46 0.79 38.00 
312.6 110.6 20.8 104.0 3.45 0.80 38.50 

4-., 



TAJ 10. (cant.) 

StzaLn Gas Radiug. Ov.rall E1o1gatioß 

E1aped Strain change In Unit Scale Change Overall 
Tinie tge Strain Gage Elongation Readinge Of Scale Ziongation 
Houri aeadinge Reading. Micro-Inchea/In Inches keidingi Thauaandthe In. 

ihouundtha In. Thousandths Is. Inchei 

33(,.6 119.5 21.7 108.5 344 081 3&95 
36C.6 119.9 22.1 110.5 3.42 0.83 399O 
384.6 120.3 22.5 112.3 3.40 0.85 40.8t 

408.6 120.6 22.8 114.0 3e37 0.88 42.3 
432.6 121.2 23.4 117.0 3.3v O.ß9 42.80 
456.6 121.7 23.9 119.3 3.38 0,87 41.80 
480.6 122.2 24.4 122.0 3.31 0.88 42.35 
504.6 122.4 24.6 123.0 3.35 0.90 43.30 

Test in Progress 

a' o 



TABLE Il. tEg2 TEST DATA 

SUIJECT (*EEP TESTE Conductor Lot 4 C-4-O-15 

BY: 0. Ç. Paasche - Preis rai.,ad March 3O 1959 1105 ìiwa 

GNERAJJ DATA 4/O E.Ç. (AAC) GAGE TZ1GTR 2OO in. (se: a Lever Load) 

LEVER WLTIPLI(*TIN: 20.6 to I KAISER ALUMINUM AND MIC&L CORPAT ION 

TEST LOAD: 538.5 lb. -15 (90 1b) Lead hots& bucket -81 Ib, 
.L. 

Strain Gaga Readings Overall £ongatton 
E1ap15sd Strain Change In Unit Scale Change Overall 
Time Gage Strain Gage Elongation Readings Of Scala Elongation 
Hour s Readings Readings )ticro-Inche.s/In. Inches Readings Thousandths In. 

Thousandths In. Thousandths In. Inches 

0.0 0.0 Lever Load Only 
0.0 9.7 9.7 Lever Load 4pUISd 4.2 
0.4 ,., 0.2 1.0 4.18 0.02 0.97 
1.4 10.0 0.3 1.5 4.17 0.03 1.45 
2.4 10.1 0.4 2.0 4.16 0.04 1.94 
3.4 10.4 LI 3.5 4.16 0.04 1.94 
4.4 10.7 1O 5.0 4.15 0.05 2.43 
3.4 10.8 LI S.S 4.13 0.07 3.40 
6.4 1LB LI 5.! 4.13 0.07 3.40 
1.4 1.1.0 L.) 6.5 4.12 0.08 3.88 C 



_____ it. (ct.) 

- _ - -- .-.-.------- - - - - - .- -.- - - - . ----------------------.- - -- -.,--- - -C-- _- 

Stra GiLge &dius thieri1 Eìougaion 

21psd $trin change i Unit ScIe ge Overall. 

Gaie Strain ge E1nion Readings Of Sc.ie EIgati 
&eadiuga eadiugs Micro-inches/In. inches Readings Thousandths in 

Thousandths In,. Thousandths in. inches 

.J.4 11.1 L4 7.0 4.12 0.08 3.88 
,.4 u..l 1.4 7.0 4.11 O.O 4.37 

10.4 ii.2 1.5 7.5 4.0 0.09 4.3/ 
11.4 11.2 L5 7,3 4.11 0.09 4.37 
L2.O 1L2 1.5 74 4.1.0 C.IO 485 
24.0 11.4 1.7 8.3 4.07 
35.0 1i7 2.0 10.0 4.04 0.16 
48.8 1.1.3 2.6 13.0 4.01 0.19 
60.0 L2.7 3.0 15.0 3.99 021 1L20 
72.0 13.0 3.3 i6.3 395 0.25 ¡Lii 
84.0 ¡3.2 3.5 17J 3.94 0.26 
96.û 13.4 3.7 ILS 3.94 0.26 12.61 
108.0 13.6 3 t.S 3.93 0.27 13.10 
120.0 i3j 4.2 21.0 3.92 0.28 13.60 
132.0 i4.L 4.4 22.0 3.91 0.29 1407 
144.0 1.4.3 4.6 23.0 3.89 031. 
L68..0 14.7 5.0 25.0 3.S 0.35 17400 
12.O 149 5.2 26.0 3. 0.3* 11.43 
216.0 152 5.5 27.5 3.7* O43 20,40 
240.0 15.6 5., 29.5 3.75 0.45 21.85 
264.0 1.8 6.1 30.5 3.74 0.46 22.30 
2$L0 16.3 6.6 33.0 3.73 0.47 22.80 



TA1L 11. (cou.) 

Striu C2 Owr11 Eongtu 
EIaped Strain Chng In Uait ca1.e Cbag Cra11 
Tit Ca trair Case ioa admu Of ca1e E1ngim 

4íu 4icrIudie.fIn ucbc Tho4th Iii. 

La. audth. La. Inciw 

3.2.0 16.4 6.7 33.5 3.73 O.4i 22.80 
334.0 .;. 7.0 35.0 3.70 0.50 24.2.5 

360.0 L6.ß 1.Z 3t.O 3.68 0.52 
384.0 L1.1 7.4 37.0 3.66 0.54 2.W 
408.0 17.3 7.6 38.0 3.65 26.70 
432.9 2i., 1.0 39.0 3.62 0..58 27..5O 

456.0 tl.5 7.6 39.0 3.6 0.54 26.ZO 
t8.O 8.3 41.5 3. 0.55 26.70 

504.0 13.4 8.? 43.5 3.64 0.56 27.18 

teat in Progre&. 

ç., 
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ThBi4E 12. 

SU5JECT; Losd Ca1tbz;tipn COLLD 

*, : ?*m Pzpa*d DATE : Noveuthr 23 19)8 

GENERAL MTh: jt*ndard $4j SR 4 Load Cell - sji4g. 

2OO 1b, Capacity sud SR 4 Ça]ibr*tzion IndLc&tor 

Tension Ioad in Pounds 0.201 z (J C 

Load On tension Tension 
Weight Box On Rope On Rope ( + y (, ) End 0f The (z Incressing) (z Decreasing) I 2 2 
Lever 

z 
X lb. y1 lb. y2 Ib. 

Lever 443 442 
Lever?BG*?0 83 677 ¡360 680 
L,'g,'5 776 773 
L,B;1O 866 866 
L,RSL5 963 964 
Lp$,L20 1042 1044 
LB25 1158 1158 
L,B,50 1668 1656 3324 1662 
L#;ß,4100 2634 2630 5264 2632 
L,$15O 3622 3600 7222 3611 
¡JL200 4608 4578 9186 4593 
L,1L25O -: 5546 11124 5562 
L,a,'30O 6563 6531 13094 6547 
L,,35O 7552 7520 13072 7536 
L,'3M00 856 8526 17052 8526 

Load Calibration equation by statistical analysis 

Regression of y on x y u 675.2 19.6 z 



TABLE 13. 

SUBJECT: JÇ4 brar ion 24L. Z 

BY: Prei a*ad &TE: ember 25 1958 

GEWERAL DATh: Jtnd*r1 - J 4 ko.d Ce1 - Type fl-iC 

1200 lb. c acity xtd SR 4 Ca1ibrstLIndicatr 

jç ion Load i_Podi .2O1 (i 

Load On 
Weight Box 
End 0f The 
Lever 
x ib 

Tìnain Tensioe 
On tope On tope (3! 

) 

( nc in$) ( Decrea.ing) 1 2 

y1 lb. Y2 ib. T 

63 

' Y2) 

2 

y 

Lever 428 426 

Lever , Bz a O 649 668 1317 658.5 

L,ô;5 764 7.4 

L3,1O 860 861 

L,'15 957 958 
L1B2O 1033 1053 
ZJJ,t25 ibO 1130 
1,,'z,'3O 1631 1633 3304 1652.0 
L,L41OO 2628 2631 5259 2629.5 
IJL130 3630 3613 7243 3624.0 
Z.it$20O 4632 4398 9200 4600.0 
L,4$tL2SO 8$ 5582 11170 5585.0 
Z.,i#30O 6574 6579 13153 6576.5 
L#$,L330 isis 7341 15096 7548.0 

XJ$#400 8i3O 8530 17060 8530.0 

Load calibration e*uation by tatistïca1 ana1yi 

,egreaeioìt of y on y 
665 19.68 x 
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TA3LT' 14. 

SUUECT: Load Calibration COUJ?4 5 

Y: ?re ?raead )ATE: Decenbr 

(,E}kAL )ArA: Standard k4 Load .1l pe ].1Ç 

12OOO lb, Çapcity and SR 4 alibratL Inicator 

Teniton od in Pnü 0,201 (R J C) 

Load on 
Weight Box: 

Fnd Of The 
Lever 
X lb. 

Tensin 
On Roe 

(z Increasing) 

Yl lb, 

Ten!ioa 
Yn Rap. 

(x Decreasing) 

y2 lb. 

(1 : 

'2 

T 

(YjP' Y2) 

2 

Lever 470 4?u 
LV.tILbOX,0 695 ò94 i389 fj94.5 

792 73 
893 896 

LM#15 991 988 
L,4*'25 1188 1188 

1688 1733 3421 1710.5 
ZlflI 2705 34Ü 2703.0 

L/150 3fl.O 3707 3708.5 
Lb20( 4712 4710 .422 4711.0 
LE250 5716 5712 1L628 5714.0 
L/$,300 6719 6716 ..3'35 6717.5 
L,L5,350 7721 7715 l%36 7713.0 
LIM0O 8722 8722 17444 8722.0 

1.oad ca1ibraiïn cuation b satisUca. an*1yis 

sre.sion of y on x y : 699.6 2U.056 



:. 

STATI3TICAL ANALYSIS P LOAD CALThRAT ION t)ÂT& 

$ample ca1cu1stion for Coluiia J. 

- - - p 
z O 100 iSt) 2O 250 300 350 400 

Ob.. y 683 16e6 2634 3622 46C3 5578 6763 7552 8526 
677 1'56 263t: 3600 43'3 54ó 653]. 7520 8526 

T 136") 3326 ï26 7222 186 11124 13094 15072 110,2 

680 i62 2632 3611 4393 5ó2 ú47 7536 8526 

M -4 «.3 e. -1. r) ¿2 M 

= 

: . 
' 4594.3333 

(y)2 6338959204 

2 
= 990280252 

2 
4951424s2 

o 
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TABLE 16a 

Type Sum of No. of No. of Sum of Squares 
of Squares of Toa1s Observa- per Observa- 

Total Totals Squared tions per tions 

TOLaI 

Grand 6838959204 1 18 379942178 
990280252 9 2 49514)123 

Observation 495142452 18 1 495142452 

TABLE 16b 

Anal) sis of Variance 

Test of Linearity o2 Regression of Actual Load 

ori Cable (y) ori Load in Eo t..) 

Source of Variation D.F. Sum of an F 

Squares Square 

Load 8 115197948 
Linear Regression i 115197948 
Deviation from Linearity 7 902 129 0.49 
Error 9 2326 258 
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ult5: Computation. shown 'iii he roregoing peg.. show that V with 

7 and 9 degrees of freedom comes equal to 0.49, which is not signifi- 

cant. 

Conclusion: Th. conclusion is thaL .hc regresian of y on , La 1n- 

ear i. the relation between the actu*l loads and load in be weight 

box is ltuaar. 

The constante 'a' and 'b' in the equation s b are detertiijned 

s fnlw.. 

4594.333 

$ 117574 

6000 

s 200 

... b : (50)2(.rr)2 

2(M2) (5Q)2 

: 19.595666 

... a : 494.333 - ¿00 (19,595666) 

: 673.2133 

s.. : 675.2 19.6 z 

Similarly, it can be shown for the rest of the colunne. 



TAIU 17. 

Col. i Z O 50 100 150 200 250 300 350 400 330 300 250 20Ct 150 100 50 0 

y 6*3 164 2634 3622 460$ 78 ÔÓ3 52 8526 7520 633. 3546 457$ 3600 2630 1656 677 
y 985 966 9U 98S 970 S$3 989 974 0 1006 9*9 935 96$ 97 960 f174 79 

- - '- ---- - - - . : 

CoI.2 z O SO 100 150 200230 300 330400 330 300 250200 150 100 0 O 

, 649 1651 2628 3630 4602 5586 6514 7555 8330 7541 6579 53*2 4598 361ß 2631 1633 668 

y t002 77 1002 972 981 986 961 975 0 989 962 997 flL 9$O 

c.i. 5 z O 50 100 150 200 250 300 330 400 350 300 230 200 130 100 50 o 

y 695 16$8 2701 3110 471.2 5716 6719 7721. 8122 7115 6716 5712 4710 3707 2705 1733 694 

y 993 1013 1009 1002 1004 1.003 1002 1001 0 1007 999 1004 1002 1003 1002 972 1039 

-4 



CALCUJATIt)N 

*7)2: 1542*250 

2 1* 2 2 2 
_____________ i LLzL - ____________ (z..z*iu.) 2(w4)lziat.z,ai z.-z.a.) 

Wbere atau4ard deviation 

2u : number t y vaIue z 16 

2 xl T.5626250 61566701 
400 14 1 50 400 400 

z 

5b : 0.387 

b : y MZ. ::Lt.: g 7522- 77 : 19.625 .lope of the regrescLtn eqiatto. 
x maz. - z rniii. 

. . . 2b : Q4 : 3J4 
19.625 

The error in the estiaated value of the constant 'b' is 3.94 

ca.rn 2 

2 
2 (Ay) 

: 1541802 ab J._ X L. 15491802 * L2320$05 
400 14t 50 400 

-.4 



CALCULATIONS (cant.) 

COLU 2 (Cant.) 

2 
b : 0.00601 

b :U.'79 

O.79 

b 19.679 

The error in the estinated value of che constant ?bt is 0.79 

COLW* 5 

¡g (4y)2 

:. ji6ll272l -l28543 
400 14E 50 400 

: 0.Ofl«98 

;. 1b 0.0946 

b * 20.069 

. s ! 0.1892 s 0.94% 
b 20.069 

The in the estimated value of the constant 'b' is 0.94% 
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