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C~EP S~NMHOFALWDmM 
ALLOY CONDUCTOR 

BACKGROUND 

IntrQd;setion 

'!'he use of aluminum tor conduction of electricity 

from the generating station to the user i.s now almost 

standard throughout the electrical power indust17. 

The change from the use of copper, formerly used, has 

been brought about by the fortuitous combination of 

good electrical conductivity, good corrosion resistance, 

light weight, and relatively good strength pos~essed by 

aluminum. To decrease the cost of a transmission line it 

is desirable to have as strong a conductor as possible, 

consistent with other factors. to enable the use of 

fewer towers. Recently. efforts have been made to 

increase the strength of aluminum by alloying and other 

treatments. 

In addition to the electrical load. a conductor is 

required to withstand mechanically induced forces such 

as tension. These cause the conductor to sag. This 

sag has been found to increase over a period of time due 

to plastic flow. It is the purpose of this thesis to 

investigate the characteristics and extent of this 
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plastic flow as a step toward evaluation ot the new 

aluminum alloy conductor as a transmission line material. 

The elastic deformation of a metal specimen sub

jected to a load within the proportional limit ot the 

material may be predicted with a high degree of accuracy, 

since the modulus ot elasticity remains essentially con

stant tar the material. The limit of elastic strain and 

the plastic strain exhibited by metals undergoing rel

atively short time loads above the elastic limits is not 

as easy to determine, since each new alloy may exhibit a 

different plastic strain rate~ However, these rates may 

be evaluated quickly by mean-s ot short time tests. This 

plastic strain is generally of but indirect importance 

to the designer who designs within the elastic limits; 

he uses plastic strain as an added factor of safety. 

Of direct concern to the design engine r is the 

plastic deformation exhibited by metals subjected to 

constant stress at loads well below the elastic limit 

f.or long periods oi' time. Under ambient temperatures 

this plastic strain is almost negl1g1bl~; indeed, under 

some conditions it might be undetectible without the aid 

ot special equipment. However, in any part o! great 

length this plastic deformation may become quite 

noticeable. Should the part be loaded for any long 
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period ot time, the plastic strain, which may continue 

indefinitely, may extend the part until it is too long, 

requiring .maintenance or even replaooment. 

An example of an application in which th1s plastic 

deformation, commonly called c:N)ep, plays a ma.jol' role 

is the high voltage electrical transmiss.ion line.. In 

the field, the metal eonduetor is strung up on towers 

a considerable distance apart, The stress in this line 

is dependent upon both the weight of conduoto~ between 

supports a,nd upon the tension or sag with whioh it is 

hung. The creep rate of such a line is some function 

of the atrese and temperature or operation, and thus 

varies with the span between the supports. the initial 

sag, the unit weight of the conductor• the eleotrloal 

load~ and the weather conditions, Untortun•tely, not 

all of these factors al"'e constants. The effeet of span 

betTTf}en supports varies with d1tterence in elevation 

of the ~upports. The initial sag varies with the thermal 

expansion or contraction brought on by changes in 

temperature. The errect or the weight ot the conductor 

may be greatly 1ncl'eased by wind or ice loads. Finally, 

the care by which the conductor is strung can introduce 

further deviations from ideal laboratory test conditions. 

Since transmission lines are strung in cable form, 
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one could expect a certain amount o£ strand settling 

upon 1n1t1al application of the load. Experience in the 

field has shown that this settling results 1n a~ appre

ciable initial extension of the conductor. To alleviate 

this problem, the common practice today 1s to $Ubject 

the lines to an i .nitial tension considerably above the 

normal tension ;for a short period of time, then to 

decre~se the tension to approximately 25 percent ot the 

ult~ate strength of the material. The purpose behind 

thi& practice is to eliminate much of the strand settling 

and also some of the in!tial creep from the conductor, 

resulting in less future sag. 

Th.e initial pretens!oning of transmission lines is 

not excessively difficult or expensive upon initial con

struction of the line; however, any takeup required 

after the line has been put into service is not only 

expensive but requires interruption of service through 

that line for an appreciable period of time. Xt is, 

therefore, generally considered desirable to restretch 

transmission lines not oftener than every 50 years. A 

study of economics reveals that the most economical 

span length occurs when the cost of takeup per year 

equals the annual depreciation upon the line supports. 

The use of a conductor material with an excessive creep 

rate would necessitate both more £requent takeups and 
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reduced spans, increasing the cost of the line and the 

cost of maintenance to the po1nt of prohibiting the 

use of that material. It t)Xcessive sag is parmitted, 

there 1s danger of gusty winds 'Wllipping adjacent lines 

together, resulting in a. shol."'t circuit. In many oas(lls, 

a minimum ground clearance for conductors 1s set by law. 

Good practice also requires a minimum cle~ranoe for 

safety's sake. Increased tena.1ons require mor-e sub• 

stantial supports, increasing the unit oost. .Therefore. 

the above ~actors must be analyzed and combined to 

determin~ a minimum acceptable ereep rate; any pros• 

peotive oondootor material must possess a creep rate 

within these se·t limits to be acceptable for use in 

high voltage transm1&s1on at elootrica-1 energy•. 

Alwa111tlm; although its eloctrioal conductivity is 

somewhat less than that of copper, has long been used as 

an el~ctrical conductor in view of 1ts light weight and 

excellent oorrision resistance. However, until recently, 

its use was limited to relatively short spans, stnce 

pure aluminum is weak and in alloyed tom it lQses much 

of its electrical conductivity. It is common~ on long 

spans, to use a core or steel oable for strength, 

surrounded by strands of electrical conductor grade 

aluminum.. A typical example of the above uses a. 19 

strand steel cable supporting 30 strands of aluminum. 
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However , this approach has not been complet$17 satis... 

taotory. :i:n the firat place ., the combination of steel 

and luminum in such close proximity invites galvanic 

corrosion, neces itating special treatment such as 

galvaniz1rlg, for the steel . Secondly, the cost o£ 

bimetallic oonduQtors is higher than conductors of a 

single metal . Thirdly , bimetallic condicutor-s mak:e 

splicing difficult , since both the steel and the alum.1• 

nu.m must 'be joined separatly . And 1'ina.lly, such a 

bimetallic conductor loses muah of the weight advantage 

inherent in a.n all s.lumintuD. conductor . 

It comes as no surprise to lea:r"'l that a great d~al 

of research has been carried out i11 an effort to improve 

the mechanical properties ot aluminum without seriously 

a!'.fecting its electrical conductivity . One of the 

aluminum producers has recently developed an alloy that 

apparently fulfills the above requirem~nts; it has a 

tensile strength of nearly 5o,ooo psi,. or nearly twioe 

that of hand dra1.rn altllllint~m., while still retaining 

85 t.o 89% of the electrical oonduotivity of electrical 

conductor grade alu.mlnum. However , to be economicall y 

feasible tor use in the relatively long spans o~ high 

voltag~ electr!eal transmission lines. the new alloy 

must possess satisfactory creep rates . The determination 
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of these rat$S is the subjeot of this thesis. 

Objectives 

Tne primary objective of this projeet was to 

determine the reinitnum creep rates of specimens of the 

new aluminum alloy oonduotor subjected to different pre

loads, Specimens were ta.ken from two d.itt'e.rent manu

facturing lots in which some difference in smeltingt 

proce£s1ng , and heat treating proba.bly existed. Any 

eff~et upon creep rate brou.glt on by variations in 

manu.fe.eturing is of groat 1mporte.nce; part of the 

prLrnacy objeo.tive of this pe.p()l' wa:e to determine this 

effect. 

There were three s~oondary objective$. Two single 

str ands of conductor wire, each the center etr nd from 

a length of condt otor, w re tested. The first seeond• 

a:cy ob j tlotive was to d0tt>rm!ne the effect of strMding 

upo n the creep rate of the cond.uctor by analyzing its 

oreep i n comparison to that of a single Bt:r~nd"' Next , 

an aquat~on was to be determined which w~uld predict 

the amount of plae:t ic strain in a g1ven condu.ctor a.t any 

t ·i me- in the future . Finall-y, P~conunendat ions were to 

be made to aid future investigators in testing and 

analyzing, ct-eep ot aluminum alloy oonduoter cable. 
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The scope of this project i ncludes t h e tests and 

test result s that wore p el"for .med by t he wri ter on t¥to 

manufacturing lots . Thi s 1nelude s twel ve t 0at specimens, 

of which t h e first s ix 0~0 designat ed as Ser i es III and 

t ho l aat s i x as Seri es IV. Al l anal ys es were based 

prim4rily upon the resul ts of t he "' e tests ; however , the 

results of prior t ests us i ng t he s~e appar~tus but 

cover i ng a study of. cr eep by moans oi' slightly different 

t a s ting prooedure are ref erre d to 1hen i n support or or· 

i n disag~eement with dat a taken by the wr i·ter. 

Historx 

It is difficult to determine when creep was dis

covered. Lead sheeting which centuries ago was used .for 

roofing was observed to droop under its own weight and 

to hang over the edge of roofs . This fact , although it 

may have been man t s first obsenation at creep, was 

viewed as merely a curiosity; attempts made to explain 
.. . 

this phenome~a,i£ any, were not of any signifioanee . 

In spite of Andrade ' s extensive experiments be

ginning about 1910 1 the signU'i·canee of creep was not 

fully realized until some years later . Metallurgical 

advances in steels had permitted the increa~ tn,g o:f // 
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pressures and temperatures in steam boilers; des1gn.ers, 

unaware of the extent of plastic flow; began to encounter 

fa1lures in parts stressed well below the elastic limit. 

Further examination of the tract~ed parts revealed 

that, in some oases, well over five percent. elongation 

had occ~rre~. Alarmed, the American Society for Testing 

Mate~1a.ls and Alnerican Society of Mechanical Engineers 

organized a join committee to study creep. Meanwhile, 

creep became more important as modern machinery demanded 

lighter weight, higher temperatures, and increased 

speeds. A modern example of a part wh:l,ch must show an 

outstanding resistance to creep is the sas turbine blade, 

Clearance between the moving b.lade and the casing is so 

small that an extension of 0.2 percent over a 25 year 

period is the maximum permissible. On the other hand, a 

5 percent elo.ngation over a 5 year period is acceptable 

tor some furnace parts. 

Definition of Terms 

Creep is defined as the relatively slow plastic 

deformation of' a material held for long periods of time 

under constant or slowly changing loads. With regard to 

metals, creep is assoq~ated with the ttme rate of 

deformation present under stress intensities well below 

the yt&ld point, the proportional limit, or the apparent 

http:Mate~1a.ls
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elastic limit tor the temperature in question . Creep 

rates, al.tbt>ugh they rise rapidly with inoreas.tng 

temperatures,. may easily be or Offn1$equent1al map1titude 

at normal tempera:trures , depending upon the m.atJer1al in 

question and the degree to whleh freedom from plastic 

deformation 1a required. 

The creep strength of a metal is that st:ress 'Which 

.will just produce a. creep rate of some specified amount 

tor a given prolon.ged period of time amd at a gi'Ven 

temperat'Ul'e . For some applica.tiolla, the creep $trength 

is listed e.s the stress wh1oh will produce a plastic 

deformation or 1 percent over a period ot 101 000 hours 

at the operating temperatur·e. 

INITIAL EXTDISION 

TIME ~ 

:- I 1 0T..E 1 . .,. ,,., S Y'r:. r~ _ l ::; ,;.rve 
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THEORY 

Factors Aftectin& Creep 

The curve shown in Figure 1 represents a veey 

idealized form of creep of a specimen subjected to a 

constant tensile load and constant temperature. As 

is evident t'rom the curve, it is composed of three 

stages, occurring after the initial extension. The 

first stage of creep, also called the initial, 

primary, or diminishing rate stage, is eharacter·1zed by 

a relatively high rate ot plastic deformation. However, 

at temperatures below which thermal recov·eey can take 

place, this plastic deformation is accompanied by strain 

hardening, by an almost negligible reduction tn area, 

and sometimes by strain aging. The above combination of 

factors acting on the specimen combine to slow down the 

rate or deformation until it becomes essentially constant. 

The shape of the primary creep our.ve is approximately 

parabolic, 

The second stage of creep, also called the ~econd• 

ary 1 constant rate, or steady state stage of creep, 1s 

characterized by a relatively constant creep rA~' Th1 

has been explained by claims: that the strain hardening 

is just balanced by the reduction 1n correctional area, 
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that the rate of reso!'ten1ng by recovery balances the 

rate of strain hardening, and that same unkno~ 

mechanism is oper.a.ting, Most probably• the actual 

cause of the steady state stage of creep is a combination 

o:£ the. aboV'e • Some modern investigators den1 that the 

second stage of creep is actually constant; they clairtl 

that it is but a. transition trom th$ first to the third 

stage. 

The third stage of creep is oharaetert~ed by a 

continually accelerating rate of creep culminating 

ultimately in fracture; Early explanations tor this 

stage, also called the tertian, increasing r$t&, or 

1'1nal stage 1 claimed that the increasing rate was due to 

the reduction in oros·s sectional area of the specimen. 

tf this were the caee, then, why was the creep rate 

relatively constant throughout the seoond stage? The 

cross sectional area was deoreasing there , too . Later 

investigations revealed that the rate ot creep through

out the third stage is much higher than that ascribable 

to reduction in cross sectional area al.one . Evidently 

there is present , at least in the third sta.ge 1 some 

unkn&wn taotor unexplainable by simple theory~ 

The complete creep curve as described appears onlY' 

for tests made in simple tension , at moderate temperatures , 

and in response to constant loads that produce fracture 
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within the time of the experiment. E1ther one or two 

ot the stages. m':y be absent front the creep curve, 

Vlh&ne~r a specimen 1s loaded in such a manner that 

necking does not .o.cour 1 the third stage of creep, if 1t 

exists at all, does not re.semble that or the ideal. 

Und~~ tension or bending, then. fracture would normally 

occur during the second stage or at the beginning of the 

third. It is believed that tensile tests made under 

constant stress do not exhibit a third stage; further 

tests are necessary to substantiate this. Under a com

pressive load, only the first stage is evident; any 

plastic strain is accompanied by an increase in oross 

sectional area which decreases the stress. Thus the 

c:t'eep rate in compression decreases until it is essential

ly zero. A series of tests perfor-med over a wide range 

in tempe.ratures reveals tha t the Ol"&ep curve is not 

•ecurate at either very high or comparatively low 

ternper-atures. 

It is relatively easy to formulate mathematic 1 

expressions for the above simple general explan tions 

of creep phenomena. Rowev$r, in light of the many 

exceptions to all previous simple e.xplanationa of 

plastio flow. it is necessary to eons1.der the variables 

known to a.f.feot creep. 

Creep is; of course, influenced greatly b7 changes 



in temperature and variations in stress. However, 

changes in heat treatment, grain size, chemical o.ompo• 

sition of the alloy in question, presence of impurities, 

differences in dispersions throughout a given alloy, and 

presence of residual stresses within the material also 

have a pronounced effect upon the c~eep rate of a 

material. These variables require further explanation. 

One is not surprised to learn that the stress to 

which a specimen is subjected has a pronounced effect 

upon its creep rate. The extent of this effect varies 

among different alloys. 

A factor that must be controlled most accurately 

in creep tests is the specimen temperature. It has been 

demonstrated that some materials under certain loads 

may exhibit a creep rate twice that of similar specimens 

under similar loads at a ten degree lower temperature. 

This fact explains why early investigations working with 

relatively high temperatures (obviously hard to maintain) 

reported much conflicting data on creep rates; indeed, 

some rates reported varied several hundred percent from 

other rates taken under supposedly similar conditions. 

It has been f 'ound 1n connection with gas turbine 

work wherein extremely small creep rates are a necossity 

that sometimes a particular alloy 1s completely acceptable, 

whereas another alloy, only slightly different from the 
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i'lrst, 1.s useless; its oreep rate is just too high. 

Chemical composition an~ _presence of impurities thus 

have a profound ef.feot upon creep- rates. 

Giedt• Shelby, and Dox-n~.rnl) have run extensive 

tests on a.luminum.•eopper alloys,. varying only the size 

of intermetallio compounds dispersed tlutoughout the 

aluminum. They concluded that particle. size has a 

substantial et!'ect upon creep rates. Furthermore; 

they dete-rmined that,whel"'et\S in genet"al the coarser 

dispersions exhibited more favorable ox-eep ratea, at 

low te'l'np$raturea and high strain ra.tes finer dispersions 

had more .favorable creep rat.es. At high temperatures, 

too, creep rates were 1mproved !n specimens with finer 

dispersions .. Thus one oan see that the effect ot size 

of the disper-sed particles is not an independent 

variable 1 but ehanges with changing temperatur~. 

The effect ot grain size upon creep rates may best 

be analyzed by eompa.r1ng the strength of' the grain 

boundary with that of the gra1n ~: shown sohematioa.lly 

1n figure 2. Thus a.t high tempet'atur~ t'a1lu.re oeeurs 

in the grain boundaries. whereas at low temperatures 

tailure r: occurs across the grains . The boundaries are 

more im.portant 1n determining cre•p ehatta.cter1stios of 

or a tine grained material than those of the c,oars·e 

grained material b~e-use of the gre.ater ·gt>ain boundary 

http:t'a1lu.re
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8RAIN BOUNDARY STRENGTH 

~ GRAIN STitEN8TH 
(!) 

ffi 
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~ en 
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TEMPERATURE 
::r ·-cL.TRE 2 . Effe ct o f Te mperc,_ ture o n t he 
~ti.·e:::l __:tL ::> f }r a i ns a nd Gr a i n 3otEK:e.r:i.e s 

area, preeentage•wise, in the fom$r ease. One could 

expect, then, that low t&mp rature creep properties are 

superior in fine grained materie.~s, whereas fo-r high 

tempettatures the tteve:r-se is true. ·Experimental 

evidence aleo supports th1s argument (35). Linked in 

with the grain size of a. matt\rle.l is the heat trea;t• 

ment it recEtive.s Heat tr atment is also a. prime factor 

in determining age hardening and the -amount and size 

of d1sp&rs1ons in a given llow. It be<lomes veey dU'• 

ficult to detennine the precise a:ff'eot ea.oh variable 

has on the creep rate oi' a mat-e-r:tal because the 

val*iablee are so interlocked that separate analysis f-cr 
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eaeb becomes almost impossible. 

A reasonable understanding of methods of analysis 

of plastic flow is not complete without an understanding 

or the mechanism o:f the perman&l'lt de.f'ormation dUl"ing 

creep; therefore. sotne further e~planation 1s 1n order. 

Ylhen the detormat1.on of a metal is rapid and 

extensi~e, it occurs principally by slip. A single 

crystal of metal generally contains one plane that is 

weaker than the others; fairly high stresses force these 

we~k~r planes to slip slightly. Thus a pal!.ahed specimen, 

strained above 1ts yield point~ &xhlb$.ts concentric 

parallel bands readily visible tb:t*ou~h a miorosccpe. 

This slipping is the primary m.e<?·hanism present in the 

first and third stages o:f' oreep ;· tts rate varies with 
' . . ' . 

the amount of strain hat-d$ning induced by the slip. As 

long as al:tp is the pcrimary cause of or&ep, the effect 

of temperature can be expla1n&d on the basis of' 1ts 

etfoct in eliminating strain hardening. Thus at in·• 

'creased temperatures, the strain hardening taking 

place is 0liminated as it talte~ plaee by increased 

recovery rates.. This has the swne $!'£eets upon 

strength s.e overag1ng. With a.ll strcmgthentng effects 

nullif'ied by increased temperatures, ;t specimen 

http:xhlb$.ts
http:detormat1.on
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subjected to any load of enough magnitude to induce 

slip will gradually extend until it :rails. This 

rapid stage of deformation is now commonly called 

transient creep. 

The second stage of creep, characterized by a slow, 

relatively constant creep rate, is now known as viscous 

or quasi-viscous creep. It is primary importance 

because most of the service life of a part subjected 

to plaatic deformation occurs at a time when quasi

viscous ~reep is the primary mechanism. This form of 

creep is called viscous because it resembles the plastic 

flow of a true amorphous material such as pitch; it is 

termed quasi•viscous because the materials in which it 

is present are not truly amorPhous. Thus the flow rate 

is not directly proportional to the stress. 

Quasi-viscous ctteep has been further subdivided 

into two mechanisms, quasi-viscous flow and slipless 

flow. The rate of deformation of these two phenomena 

is so low that it is of no importance except in a study 

of creep. 

Viscous flow is a thermal flow occurring in the 

grain boundaries. The grains themselves thus are left 

undeformed, much as a gravel in an asphalt road re

mains undeformed in spite of amorphous flow occurring 

around it. As viscous i"low produces no appreciable 
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change in individual grains, it produces no slip bands 

within the gra1ns; however, it does change the relative 

positions of different grains, much as asphalt flow 

within the surface of a highway may disturb the rel

ative locations and positions of gravel within the 

roadbed. It is possible to see the effect of the 

viscous flow with a microscope; free surfaces under 

stress become covered with elevations and depressions 

which are grains th.t have ehang~d thoir relative 

locations. 

The concept of .viscous flow is comparable to that 

of recovery in that their modes of operation are similar. 

Both are accomplished 1n regions where, because of un

favorable crystal location, eccentric loading, or 

higher temperature, the internal energy within the metal 

is exceptionally high; both act in an effect to reduce 

the distortion within the metal by diffusion of atoms 

under the highest stress. Both processes increase 

with temperature, both are very slow. The tw() differ 

in that recovery occurs principally within the grains 

themselves, reducing stresses developed by previous 

mechanical deformation, whereas viscous flow occurs 

only within grain boundaries, reducing stresses developed 

locally by external loading. 
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It must be understood that the various meChanisms 

of craep..~do not occur aloneJ rather, especla.lly in the 

prima~ and tertiary stages, they may oceur s1multane• 

ously. Thus, especially at higher temperatures and high 

stresses, although deformation by slip greatly exceeds 

that by viscous .flow, they are both present. This fact 

becomes especially important when a speoim.en is subjected. 

to a load of insufficient m-agnitude to produce slip and 

to a relatively high temperature. Even under light 

loads 1 when the tempel'ature is high, the internal energy 

o.f the specimen is also high. It has been demonstrated 

(JS)that when the internal energy of a metal reaches 

the energy or self d1.f.fus1.on, rapi.d dit:N.sion of atoms can 

occur. To understand the effect such dispersion may 

have upon creep, one must analyze the structure of a metal 

on an atomic level. 

The ideal metallic crystal would be many times 

stronger than any metallic substanoe we have today. An 

ideal specimen would be but one crystal, form.ed or even 

ro-ws of atoms. No 1mpurit'Y would mar this perfect crystal; 

not one ·atom would 'be out of place. To subject this 

specimen to a stress sufficient to culminate inifailure 

would require a proportionally enorn:c~s lo,ad, for failure 

is pr~ceeded by slip. But for slip to occur within the 

ideal crystal would require s 1mUltaneous movement of 

http:d1.f.fus1.on
http:speoim.en
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atoJ;D.s over an area at least equal to the cross sec

tional area of the specimen, It has been determined 

matha.mat1cally that the shear strength ot the pel'fect 

metal specimen would lie between 103 and 1d+ times that 

of a normal metal specimen, 

It is not surpl'is1ng to learn, therefore. that the 

actual crystal is filled with dislocations and vacancies, 

A dislocation is a defect 1n the periodicity of an atomic 

lattice; tor example• a plane of atoms either at an 

oblique angle with respect to the maJority or overhang

ing an edge of a crystal. A vacancy is a~ absence ot one 

atom from its regular position within the cry tal lat

tice. Thus a load imposed upon an 1m:p•rfeot specimen 

need not sheer a plane of atoms equal tQ at l~aat the 

cross sectional area or the specimen, but need only 

sheer the small sections of a crystal at the dislocation, 

causing the dislocation to move. Thus plastic strain 

involves not only flow o:t grain boundaries, but prooeed.s 

through the grains as well. Since individual grains are 

irregular in shape, these surfa-ces provide ideal points 

from which dislocations can form. These newly formed 

dislocations·, together with those already present in the 

crystal, in turn move through. the grains,, absorbing 

vacancies in some places and creating new ones in others. 

The grains thus elongate plastioally under load. When 
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two or more dislocations moving 1n different directions 

come together, they create a barri.er to further movement. 

A higher level of' energy is then neoes·sary to force one 

or the interacting dislocations to climb into another 

plane of atoms, that moveme.nt tnay proceed. This 

movement of dislocations is called slip. Some authors 

term the sl1p predominant in the primary and te.rtia.ry 

stages of creep as normal slip and the slip predominant 

1n the secondary l!ltage as. slipless flow. Slip, by its 

interaction of dislocations 1mpar1ng further movement, is 

generally cone!,q~~~d to be t~e c&u$e of ~trs.:tn hardening• 
• • • ! 

It Vtould ·· ~~en'l · <lonQeivable that the mov$ent o~q 
dislocations could tend to absor'i> fl''Jl"e C:lrystal imperfect ... 

ions than they create. However, this theory obviously 

could not be extended to mean that cr<tep would e.ventually 

produce a perfect metal crystal. The grain boundary, 

which generally :flows at a dit.ferent rate than the rate 

o:f crystal extension, continually provides new areas 
' 

ot high energy concentrations in regions where a group 

of dislooatlons or a precipitated particle interrupts 

e1theJ! grain elongation or grain boundary flow. If the 

areas have insufficient energy to formulate new dis• 

locations immediately, i:f the stress is high enough,. the 

··internal energy will increase unt!l it approaches the 

aoti~tion energy, at which time diffus ~ takes place. 

http:te.rtia.ry
http:moveme.nt
http:barri.er
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The diffused atoms may then result in .; the formation 

of new vacanoie.s, so that the progress of plastic flow 

continues. Thus, although the movement of vac¥mcies 

and dislocations may result in improved meohan1eal 

properties of individual grains, it can be no means re

sult in a specimen of extreme strength. 

In a specimen subjected to high t ·emperatures but 

to relatively low stresses below that necessary to 

produce much norm.al slip, creep ooours pr1mar1J.:y by 

viscous flow. As has been said before, viscous flow 

is an extremely slow process, raqu1r1ng years to 

accumulate a total strain producible in minutes in a 

short time tensile test. However, since the specimen 

temperature is high, only a small amount of add.1tional 

energy is necessary for diffusion. Therefore, a 

considerable nmnber of atoms are continually loosed from 

their positions within the grains and the grain 

boundaries and are dispersed throughout the spec 1men. 

In the grain boundaries especially, where a relatively 

gre.at number of d!slooat1ons are present, this. movement 

affords easy condensation of dislocations whi~ enlarge to 

the extent of forming a small pore~ Were the creep rate 

faster, this pore would probably be olosed immediately 

by crystal deformation, but normal slip. requis~te to 

rapid flow. is not present. The presence of the po~e 



creates areas o:f stttess concentration around it, increas

ing the energy level in 1ts vicinity, diffusing more 

atoms. Thus the pore extends into a small crack. If 

this theory is correct. failure would occur aoon~ and 

at surprisingly low stresses and total strain. It has 

been found by actual tests that failur' in specimens 

subjected to high temperatures and low atresees does 

occur in the abovQ manner and traeture is 1ntercrystal

line1 as this theory would predict, This one circum

stance is the enly ease wherein creep failure may be 

attributed primarily to quast.v1scot~ creep. 

Between the stress regions ot rapid plastic 

ext~nsion due to no~al slip and the extremely slow 

e-reep rate-s attributable to viscous flow lie the areas 

of primary industrial importance. These are regions 

where the stresses high enough to be of value produce 

acceptable creep rate3. Creep 1n thea~ regions occur 

primarily through a phenomena called slipless flow. 

Early observers ot slipless rlow found that, unlike 

normal slip, it produced no visible slip bands on 

prepared specimens; hence its name. Later. hQwever; it 

was found that sl1pless flow produced changes in the 

general shape of individual crystals that greatly 

resembled the shape changes induced by normal slip. 

Furthermore,. s11pless flow produced a strain ha.xtden1ng 



ett'eot equal to that of nomal slip. now. although 

other mechanisms may induce strain ha:rdening 1 only slip 

is known to produce it; hence most observers now :feel 

that, in spite of its name, slipless flow do.e$ involve 

some slip. Evidently this slip occurs on a smaller 

scale than normal slip. producing many more disturbances 

but muoh smaller in size, affecting planes U.ldividually 

rather than in groups• else it would be visible, This 

type o£ behavior is probably aided somewhat by recover,. 

which is in turn linked: with diffusion, However, the 

major eause or s11pless flow is believed. to b the viscous 

flow of grain boundaries. It has been found that when 

polished speo1m.ens having mixed grain size are deformed 

slowly under moderate temperatures, all crystals 

exhibit similar changes in shape• but only the larger 

crystals develop slip bands. This is another indication 

of the grea~ influence that gt'a.in ·bo,mdaries play in 

in.flu~noing the creep mechanism. Since the major part 

o.f resistance to slip or a given specimen is thought due 

to the exist·enoe o£ a grain boundary which. although 

filled with dislocations, otters few planes favorable to 

slip, 1t is not inconceivable that only the larger grains 

be subject to normal slip. Th& smaller grains, having 

. a much greater surface and al"ea. per unit volume, are more 

arr·eoted by dislocations and diffusion induced by grain 
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boundary movement~ Evidently these mechanisms combine 

to provi.de exten$1on of small g:rains without as severe 

a slip as that i,~d1,:tc~ed in laX"ge crystals, Obviously, 

dislocation and dlffusion caused by grain bounda~ dis

turbances ·affect larger crystals too; their effect is 

proportionally much less on larger crystals, 

Another theory given to explain the lack o.f' slip on 

small crystals is based on findings that the grain 

bound$rj' is extremely thin: calculations have shown it 

to be of the ordelt' of thirty atoms thiok. In view o:r 

the slow rate of viscaus flow, yielding of the grain 

boundaries would pe~it only a fer? limited displacement 

along each slip plane . as 1t became exposed. This die

placement would be far too small to be seen in the form 

of slip bands. Thus the so-called al1pless flow would 

occur at a rate pl'oportional to that et viscous flow; in 

other words, it would proceed at a very slow rate, even 

though deformation occurred by slip. T.his interaction 

between the viscous flow ot grain boundaries and the 

o-called slipless fl0W provides a very satisraotory 

explanation for quasi-viscous creep. The reader should 

unde:rstand that the .to:t'egoing pages contain primarily 

theories which attempt to explain the seemingly silnple 

phenomena of' creep on a rather complex basis. No 

pr"eaent theory sat1sfactoril<y explains ~11 the 

http:provi.de
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mechanisms known to affect creep. The mere presence 

of so many theories indicates th t the nature ot creep 

is yet largely unknown and poorly understood. 

!n review or this theoretical aater!al, some dts

cussion of these theories and their correlation with 

experimental facts is in order. The creep curve showed 

that a specimen under just su.f·f1c1ent load to culminate 

eventually in fracture will generally undergo a period 

of high but rapidly d~ereasing strain rate followed by 

a time wherein the strain rate is npprox~ately constant 

followed by a period of rapidly increasing strain rate 

ending 1n fracture . This may be explained in th ory as 

follows. Upon initial application of the load., s+:;l:'a!n 

is ettf1'io!ent to produce a considerable amount of int·&r • 

crystalline slip. This slip produces a strain hardening 

e~tect that ~ap1dly decreases the creep rate, until the 

specimen has sUfficient strength to withstand the imposed 

load without !'1~ther normal slip. At this point quas1

v1soous e~eep, Which is really a combination of quasi• 

viscous flow and slipless flow, and which has been 

acting at a slow but constant rate since application ot 

the load, now ~eoomes ' the !mportant facto~ in determining 

the creep rate . Since viseous !"low is constant at a. 

given temperature- and since slipless flow is a. !'unctto:n 

of v1soous flow, the c~eep rate remains assentially 
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constant for a considerable period ot tim.e. The strain 

rate, although constant, gradually increases the in

ternal energy of the metal, until it becomes almost 

equal to the energy of self diffusion. At this point, 

diffusion, which formerly had occurred primarily in a few 

areas of high energy concentration only, now plays a 

major role in the behavior or the specimen by releasing 

critical atoms from their bonds, promoting recovery. 

Then slip begins again, and since recovery now occurs 

simultaneously ith strain hardening, the creep rate 

increases rapidly .. reducing the cross sectional area of 

the spec~en which increases the creep rate further. 

Failure of the specimen is tmminent within a short t~e. 

It is important that the reader realize that the theory 

of creep mentioned above is not limited to specimens 

which follow the ideal creep curve. Rather, the be

havior of any specimen lmown to the writer may be 

analyzed reasonably well on the basis of that theory, 

no matter where or how failure occurs, and even if 

failure does not occur at all. As it stands, this 

theory is but a hypothesis which seems to explain 

experi~ental data; it must not be interpreted as proven 

faot. 
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Creep Correlat1Qns 

·Perhaps the first investigator of real importance 

in the field of creep was Andrade(l) whose work was first 

published in 1910, His work was primarily aoedemic. In 

1922 the first creep studies of true industrial im

portance was published by D1ckenson(2); his work was 

done in behalf of the boiler industry and was concerned 

primarily with various steels subjected to high tempera

tures within furnaces. Perhaps his most significant 

discovery was that commercial metallic materials, when 

used at elevated temperatures, underwent an alarming rate 

of plastic flow well within the stresses allowed by good 

design practice and safety factors at that time, 

A great deal of experimentation was wasted during the 

six years after Dickenson's work was publ1she4, in an 

effort to prove the existence of "creep limits", then 

defined as that practical stress at which, for elevated 

temperatures, creep either no longer would take place 

or at least was of inconsequential magn1titude. Creep 

observations were made from this point o£ view, and both 

French in 1926 and Lea(2) in 1927 attempted to show 

that proportional limits determined with sufficient 

delicacy might be regarded as creep limits. Refinements 

were later made on the creep testing apparatus, produc

ing more accurate data, and Kanter and Spr1ng(2) published 
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a treatise in 1928, revealing that creep strain was 

exhibited by metals at stresses well b&low the lowest 

proportional limits obtainable. 

A considerable expenditure of money and effort 

was used in an effort to derive long time oreep rates 

on the .basis of very short t1m9 if~· !l't~?. Gillett (32), 
. . 

oonong others,. has de!11on-strated, how-ever• that materials 

require in ge·neral from 50 to 500 hours to settle do-.n 

to a relatively constant rate o:f creep. Since short 

tiJ'lle d!lta reveals onl7 the primary stage of cre-ep, 

such data are generally worthless for long time 

predictions. Thus 1nve.stigators who ar~ived. e.t 

empirical formulas which atte~ted to extrapolate 

year-s into the future from the results of teste of but 

a few hours duration either were 1n error :for many 

alloys, or were compelled to use an abnormally high 

factor of safet~. 

Andrade, who, as was mentioned earlie~, first 

published articles on ereep in 1910; later arrived at 

the concept of primary or transient creep as the 

principal m~ohanism of plastic flow throughout the first 

str;t.ge of creep and of quasi•vi&oous flow as the 

mechanism of plastic flow during the extended second 

stage of creep. He, on the basis ot exp,r1mental. data 

http:str;t.ge
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arrived at the following equation tor creep, commonly 

t ..!-3called the law: 
Y:31 :: lo (1 -+ Bt ) exp KT 

Where: lo = initial length
l - tinal length
l :: time 
B = a constant 
K = a flow of constant rate per unit length 

In the light of metallurgtcal background given 

earlier, it Call be eeen that l3 represents transient creep 

which decreases r p idly with the cube root of time. K, 

on the other he.nd, expresses the concept of quasi-viscous 

flow. Reasonably good results may be found by using 

this equation tor specimens under m.0derate temperatures. 

Under ambient temperatures, Wyatt(l) tound that another 

equation becomes necessary; under high temperatures, 

still another. Thus pure e.mperical equations leave 

something to be desired in analysis of creep data; 

generally, at least, the useful temperature range of 

the equation is quite limited~ 

The ideal equation tor creep would,of' course, 

includ:e al'l the variable present in creep.. It has been 

recognized tor some time that creep is P. ratfl p:r.onoess. 

A complex, either molecular or atomic, requires an 

energy level above some minimum value to cross a 

potential energy barrier. Now, assuming that 
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thermo-dynamic equilibrium must always exist during 

movement within the metal, an equation may be written 

indicating the number of activated complexes crossing a 

barrier each second per unit concentration: 

___BJ_ -[~]
rate = ·· h e 

In this equation, R is the gas constant; T, the absolute 

temperature; h, Planck's constant; andai, the activa

tion energy of the material in question. Machlin and 

Nowiok(.35), assuming that the generation and movement 

of each dislocation is accompanied by a strain of d/L 

where d is t~e spacing between atoms and L is the 

dimension of the grain within which the slip occurs, 

developed the .fallowing equation for creep rate: 

• .J:S;L ~Grx~£ 1 .,.PT]smh r:vx~(~-~01)1
€_: h e kT l<T :.J 

This equation takes work hardening into account. In 

using a purely analytical approach, it is a notable 

accomplishment in the theory of creep. However, it 

cannot take into aco.ount all the effects upon c.reep 

induced by alloying. Therefore, good correlation was 

found primarily in pure metals. Its complexity, 

however valid from a scholastic approach, necessitates 

much experimentation to determine the many constants; 

therefore it is extremely doubtful that this equation 

will find much application in industry. 

http:Nowiok(.35
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One might suspect that an empirical equation, 

utilizing the hypotheses behind the rate process 

theory but simplifying the terms into constants and 

variables both more easily obtainable and easier to 

use, would prove accurate over a wider range or 

temperature than a straight empirical equation. This 

type of equation would not only be more accurate in 

determining creep rates .of alloys than the purely 

theoretical equation of Macklin and Nowiok, but would be 

far easier to manipulate. 

Larson and M1ller (23) started with the general rate 

expression, 

Y' = A exp -[~~], 

where A is a constant, ~H 1s the activation energy, R is 

the gas constant, and T is the absolute temperature. 

The.1r approach was to combine all the creep variables, 

stress excepted, into a simple equation which was based 

upon the above rate process theory. '!'heir solution was 

the development of' the :following parameter: 

AH = T (C + Lo3t) = C onst.2.3 R 

This equation relates time to rupture to temperature for 

a given stress. It also may be used in the determination 

of min1aum creep rates. Larson and Miller have approxi

mated the constant C at 20 for all materials. Other 
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investigators, using this equation, have found that 

the value ot 2'0 was accurate for approximately one halt 

the alloys tested; the remainder requi:red constants 

t;tangi,ng from 16 to 40. 

In practice, the parameter is evaluated ~, r many 

different temperatures and t1mea to rupture. These 

values are plotted against the log of the stress 

producing .failure, The resulting points approximate 

a master curve such that, once it has been plotted, the 

time to rupture at any stress or temperature may be 

determined by evaluating the parameter with the aid of 

the master curve. This method produces excellent 

correlation at temperatures as low as 200, F. 

In the derivation of this parameter, Larson and 

Miller, in their efforts to produce an equation which 

would agree with experimental re·sults, have sacrificed 

some or the theo~ behind the dislocation-rate hyp<Jthesis. 

Among other questionable approaches, they have assumed 

that the activation energy is a single valued !'unction 

ot the stress. At moderat·a to high temperatures whe;re• 

in this puameter has its most successful applications, it 

has rather b4!len shown that the a.ot1va.t1on tnelrgy during 

oree.p ie ~dependent ot temperature, time • strain, stres~, 

grain size, and substructures developed under ore·ep 1 and 

is found to agree with the activation energy for self 
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diffusion. 

Manson and Haferd(l7), upon examination of physical 

data, proposed the following parameter: r~ ~- lq. t J ' 
lJ..oj - d-' Q 

where T represents the temperature in degrees Fahrenheit, 

t the rupture time in hours, and T~ and t~ are material 

constants. As is the case in the Larson-Miller parameter, 

that of Manson and Haferd is plotted against log stress; 

however the latter parameter approximates a straight 

line regardless of specimen temperature. This parameter 

may be used for evaluating minimum creep rates by re

placing the denominator by the quantity (log r + log ~ ) 

where r 1s the minimum creep rate and rCt is a constant 

of the material in question. The accuracy o£ this 

parameter in predicting times to rupture has proved 

good for many ste0ls, high temperature alloys, and 

aluminum alloys. 

Many others,· notably Shelby, Orr, MoGreger, Fisher, 

Giedt, and others have added greatly to our knowledge 

of creep and to our means of predicting it. However, 

the theories presented here are perhaps as accurate 

as any. They also illustrate typical approaches to the 

problem.. 



Summary 

Judging from the accur.aey and range of the parameters 

and equations proposed for the prediction of future creep 

data, it is apparent that the most successful equations 

deviate somewhat from the complexity of true creep theory, 

but utilize the basic rate equation as a starting point. 

The basic rate equation presents one unavoidable complica

tion in its attempts to handle creep of metals analogous to 

flow of gases. It lies in the fact that, whereas the me• 

ehanical p:poperties or gases deal with the relation between 

pressure, volume and temperature, those of metals deal not 

only with the aorresponding variables stress, strain, and 

temperature, but in addition, with time. Even assuming 

that creep rate were dependent solely upon the above :tour 

variables and did not change with specimens subject to age 

hardening and to other such creep variables, the presence 

of four primary variables would demand not only extensive 

experL't11ents, but a systemat1e method of sorting out their 

relationships. Furthermore, the work of Los (35) demon

strated that the four unknowns could not in genel"al be, 

related by any form of equation in which one quantity is 

uniquely determined when the values of the remaining three 

are given. The basis for most modern creep correlations is 

the rate equation r • A exp (;) • this is a.n equation' 
of state analogous to the gas law Pv • NRT. Modern·
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parameters and equat i ons are developed generally by begin

ning with a promising form of the rate equat i on and by 

modifying it to meet the specific objections raised by the 

experimental results. This approach will be ut i lized in 

formulating equations for creep rates of t he aluminum alloy 

conductors tested in this experiment . However the para

metal's listed previously are unaccept able for evaluation or 
creep data from aluminum alloys at ambient temperatures, 

because t he activation energy, which has been assumed to be 

a constant approximately equal to the energy for self' dif• 

fusion, varies with stress and temperature at low temper

atures. Thus good correlation with the prev1ou• eq~ations 

is possible only at temperatures at least approaching these 

of hi gh temperature ereep. The lower limit of h i gh temper

ature creep ia considered to be 0.45 of the absolute melt

ing point. This is well a bove the temperature employed 

throughout the tests reported here. 

CREE P TESTING 

~ Specifications 

The American Society f o·r Testing Materials has estab

lished recommended standards for long time tens i on tests. 

Whereas these standards are primari l y f or high ·temperature 

test i ng, they were followed as closely as possibl e . 
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However, the manufacturer for whom this study is being con

ducted has specified both the material and the loading con

ditions for this test; his specifications must be followed. 

AS'lh1 designation E 22 - 41 specifications call fo:v a 

test period dependent upon the life or the material ) a test 

period of less than one per ce.nt of the expected lit'e of 

the product is deemed inadequate to give signi:f'ieant re

sults. Rather , a test period of ten per cent of' the ex

pected life of the material is preferable if at all 

feasible. Short time tests may be used to determine wheth

er an alloy is either very good or very poor, recalling at 

all times that short and long term tests may indicate dif

ferent relative merits of the alloy. 

The above speci.fications also call for measuremertt s to 

be taken of temperature, cross · ·sectional area, extension, 

length, and load. Of these measurements , temperature 1• 

the most critical, since under some circumstances a ten 

degree temperature increase has been known to double the 

oPeep rate. Consequently, in testing creep under ambient 

conditions, the temperature must be held to within plus or 

_minus three degrees of the design temperature. 

Specimens should have a minimum diameter or 0.252 

inches and a gage length of at least two inches; however a 

0.505 inch diameter and longer gage lengths are preferred. 

The specimen diameter sh ould have a maximum tolerance of 
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0"5 percent of the nominal diameter throughout t he ga ge 

length. The specimen should be free from scratches or tool 

marks. 

Loading should be applied by means of a dead weight or 

by means of a lever system; the load should be accurate to 

within one per cent. Especially with short specimens, care 

should be taken to avoid eccentricity. 

The extension measuring equipment should be at least 

as accurate in terms of percentage as the method of apply• 

ing load. Extension readings should be taken at suffi

ciently frequent intervals to define the extension-time 

curve. 

The ASTM specifications suggest that in interpreting 

results, curves be plotted on rectangular coordinate paper 

usir1g an amply large scale, and expressing time in hours . 

They recommend log-log plots of stress as the ordinate 

against creep rate as the abscissa. They also recommend a 

similar plot of (log) strength versus temperature, but 

caution against extrapolation from the latter curves. They 

suggest that special ASTM forms be used in reporting the 

data. 

Creep Testing 2f Aluminum Allo: Conductors. 

In many respects, aluminum is an ideal metal on which 

to test creep rates. It need not be handled with the care 
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necessary in testing lead, yet its creep rate is much more 

rapid than that of steel, thereby permitting somewhat less 

sensitive extensometers. Consequently, little difficulty 

was expected in determination or the experimental results. 

However, because creep becomes important only at high tem

peratures in most applications, very little data have been 

obtained for creep in aluminum at low temperatures. As 

recovery is extremelySI.ow at low temperature, correlation 

of low temperature data by n~ans of high temperature meth• 

ods is generally impossible, necessitating the determina

tion of a new, more valid approach in evaluating the exper

imental data. Furthermore, the testing of cables requires 

an analysis of the effect of stranding upon both tensile 

strength and creep rate. Consequently, the evaluation of 

the experimental results derived from these tests may be 

expected to prove the major difficulty in testing aluminum 

alloy conductors. 

Test Material. 

The material to be tested was aluminum alloy conduc

tor, stranded into cable form. Two coils were supplied 

from different manufacturing lots in which there were pos

sible differences in processing. These were designated as 

Lot 1 and Lot 2; Lot l was shipped in a coil of relatively 

large diameter, whereas Lot 2 was shipped in a much tighter 
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coil. The diameter of a single strand of conductor wire 

was 0,188 inch. When stranded into cable form, a piteh ot 

seven inches per revolution of each of the six outside 

stranded was employed; the center strand remained relative

ly straight, being deformed only slightly by t he stranding 

operation. 

The nominal composition of the alloy is as follows: 

TABLE I 

Nominal Composition £! the ~ Material 

Alloying Element ~-Cent by Weight 

Magnesium 0.70'% 
Silicon o.6o% 
Iron 0. 25% 
Copper 0.02~ 
Aluminum bala.noe 

The principal alloying elements are the s i licon and 

the ma gnesium. As a s mall variation in alloy can cause a 

phenomenal difference in creep rate, it is unfortunate that 

t he exact alloying elements of both Lot 1 and Lot 2 are not 

known. However, a small deviation from the above constit

uents also can cause a serious decline not only in the 

electrical conductivity, but also possibly in the mechan

ical properties of the conductor; consequently, the manu

facturer doubtless maintains careful quality control on the 

alloying constituents of the conductor to avoid paying a 

serious price penalty on a product that is not up to 



standards. 

The processing of the conductor wire consists of roll

ing the billet into a 0.375 diameter rod; this is followed 

by a drawing process in which the diameter is reduced to 

0.334 inch. At this point the alloy receives a solution 

heat treatment; this is followed by a cold drawing proces s 

in which the wire is reduced in size to its final diameter 

of 0.188 inch . This is followed by an artificial aging at 

350 F. for 5~ hours. Fabrication is completed by coiling 

or stranding followed by coiling, depending upon the cus

tomers' requisitions. 

In the light of t he previous discussion of creep 

phenomena, some discussion of t he age hardening process to 

which the test ma terial is subjected i s in order. The 

quantity of alloying elements in an alloy that may be pres

ent in solid solution is dependent upon the temperature; 

at high temperatures a much higher percentage of alloying 

elements will dissolve into solution. Consequently, there 

is no difficulty in forming a solid solution of the alloy

ing elements in the parent metal . 

When an age hardenable alloy has undergone its final 

hot working operation, it is ready for heat treatment. It 

is heated to a temperature just above that required for a 

saturated solid solution. It is held at this temperature 

for some time, giving the alloying elements time to go into 
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solution. It is then quenched, freezing the foreign atoms 

in their places and preventing them from gradually pre

cipitating out of the now supersaturated solid solution 

because the rigidity . or the solidified grain at low tem

peratures is too great. 

When.suoh an alloy is subjected to stress, it behaves 

much like a pure metal; the forei gn atoms have merely re

placed atoms of the present metal within the crystal lat

tice. If the foreign atoms are allowed to precipitate 

gradually from the supersaturated solid solution, they tend 

to gather in clusters. These clusters restrict disloca

tions from moving through the lattice or grain boundary, 

s ince a higher level of energy is necessary to force the 

dislocation around the cluster. This is called a ging. If 

the precipitation process is carried too far, the clusters 

of forei gn atoms become large, reducing the total number of 

clusters. Since the number of dislocations whose movement 

is restricted by the presense or clusters is more dependent 

upon the number of clusters rather than upon their size, 

excessive cluster growth results in reduced strength. 11his 

is called averaging. 

As the metal would not a ge harden appreciably under 

ambient conditions, it must be heated to a temperature more 

favorable to precipitation of the alloying elements . Since 

the rate of precipitation is proportional to the temperat~, 
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the a ging process ~ay be accelerated i~~easurably by sub

jecting t he metal to mode rate temperatures for a period of 

ti~e . Exact control over t he aging process can also be 

maintained, that t he desired properties may be duplicated 

in different lots of the same alloy. The time required for 

aging is dependent upon the temperature of the alloy and 

its constituents; it is determined experimentally. The 

conductor wire is aged 5~ hours at 350 F. Since both the 

mechanical and electrical properties of the conductor are 

drastically affected by this treatment, it is imperative 

t hat it be executed properly. 

The only mechanical property furnished by t he manu

facturer was the ultimate tensile strength of a single 

strand conductor wire. Seven strands of wire drawn from 

seven different spools of Lot l conductor wire tested; the 

average tensile strengt h developed was LJ..9 ,J29 pounds per 

square inch. Thi s value was checked; the tensile strength 

of t he conductor was also tested. The results of these 

tests will be mentioned later. 

Creep Testing Machines. 

The essence of a creep testing machine includes a 

means of applying load, maintaining constant ·tempe rature 

and measuring elongation. Rigidity is i mportant; poor 

experimental data invarie.bly results from equipment subject 
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to distortion under load . Good axial alighment is neces~ 

sary, especially in machines used for testing· s hort 

s pecimens. Friction mus t be avoided as much as possible 1 

as it causes a variable load on t he s pecimen. Grips which 

hold the specimen without inducing excessive stress con ... 

centration or permitting slippage are a neceas1ty. Some 

means of controlling the maximum temper.ature fluctuation to 

w1 thin plus or minus three degrees 1i1ahrenhei t must be pro

vided. An accurate means of determining the elongation ot 

t he gage length of the specimen is required, Finally, some 

means of adjustmen t must be provided to allow for extension 

of the specimen. 

~Equipment 

Company requirements dictated the testing of conduc

tors, using a gage length of 200 inches. The extreme 

length of the specimens demanded that unique machines be 

constructed to accommodate the s pecimens. Because added 

lengths would be required to accommodate the grips and some 

means of specimen adjustment, and yet allow some distance 

between the grips and the ga ge lengt h to minimize the pos 

sible effeots of end connections, an overall column lengt h 

of t hirty feet was decided upon. Since the conductor in 

coiled form was extremely unmana: eable, and since some 

means of reading t he extensome ter had to be provided anyway, 
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an open lattice column was constructed, greatly t'acili· 

tating installation of specimens. To provide sufficient 

rigidity, the column was designed tor a. oapaoity of 20,000 

pounds; f'our lengths of 2 x 2x3/l6 .inch angle iron were 

employed to to.rm the cornera, with reinforcing provided by 

welding c:ross braces or 1/8 by 1/4 inch steel bar stock 

to the angles. To permit multiple testing of specimens at 

different stress~s,. six separate oolumne were constructed, 

numbered from 1 to 6 .from lett to right as seen in Figure 3. 

This arrangement also permitted one specimen to be changed 

without disturbing the remainder, Each column was bolted 

down rigidly at both ends and at two places in the middle 

so that deflection and dif!ltortion were minimized, 

Since a load of up to 8•000 pounds would have to be 

applied, the use of a dead weight was out of .the question; 

consequently, a lever system with a multiplying ratio of 

appro.xima1fely twenty to one was devised. The laver was cut 

from one inch plate. To minil:uize friction and thus provide 

a more constant load, needle bearings were employed both at 

the pivot ot the lever and at the place where the oonnectd.ng 

linkage was attached to the lever. The lever was not 

mounted to the lattaee column, but wa.a attached to a verti

cal column independent ot the hov1zontal or loading one. 

To insure that the force induced by the lever be applied 

axially to the loading oolumn, the vertical colwnn I"ested 
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against a pin welded to the end plate of the horizontal 

column. Specimens were loaded by means of a box of lead 

s hot attached to knife edge supports near the outer end of 

the lever. The knit'$ edges were machined from high carbon 

~teel and hardened to minimize wear. The completed lever 

assembly is visible in Figure 4. 
Two mea.na of takeup were provided. The grips were 

coupled to a 12-inch turnbuckle whioh adjusted for varia

tion in overall conductor length and was used for facility 

in installation of specimens. The second takeup device 

consisted of a large nut, visible on t he extreme left end 

of the enclosure in Figure 5. The nut was turned by a 

spanner wrench; friction was minimized by the use of a ball 

thrust bearing located between the adjusting nut and the 

column end. The one inch diameter takeup screw was pre

vented from turning by means o:f a loose fitting key- located 

in the end of tbe column. The takeup nut was graduated to 

indicate the amount of the takeup for a given fraction of a 

revolution. 

The grips chosen we:r-e Cooline clamps; they bent the 

specimen on a gentle radius to make an approximate 600 

angle with the loading column. The back of the clamps 

afforded connection to the takeup screw on one end of the 

specimen and to the lever connecting linkage on the other 

end in such a way that the centerline of the cable remained 
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on the centerline of the loading column. The olarups are 

shown schematically in Figure 4. 
Column 6, which is the upper right hand column in 

Figure .), ia the lone exception to the previous description 

of grips and lever system. It was designed to test creep 

rates of •ingle strand aluminum alloy conductor wire; con

sequently it was to be subject to far less load than the 

other columns. The horizontal loading column and the ver~ 

tical column were identical with the other columns. However 

the entire lever linkage was not employed; instead a four 

inch diameter steel pulley was substituted and a dead 

weight used to apply load. A steel cable waa used to link 

the dead weight to the grip; a swivel was provided to 

minimize tw1st1rlg of the specimen. The gi~ips for the 

single strand conductor test consisted of a tapered ohucka 

with matching tapered jaws tightened by means or a nut. 

The surfaces of the Jaws which gripped the specimen wez•e 

threaded to insure freedom from slippage. 

Extension of the six columns was measured identically. 

Dial indicators manufactured by the Tubular Micrometer 

Company were employed; they had a three inch faee, a two 

inch travel and were graduated in 0.001 inch. The indi

cators were clamped to the specimen at one end of the gage 

length. An a.lwninum tube, threaded at one end to aocom• 

modate the dial indicator and clamped opposite it at the 



other end of t he gage length., completed the construction or 

t he extensometer. Clips, spaoed on approximately 1.5 inch 

centers, supported the aluminum tube in position directly 

above the specimen. 

Some comments are in order concerning selection of an 

aluminum tube to measure extension. Dividing the 0.0001 

minimum extension measurement possible by the 200 inch gage 

l~ngth, one finds that unit atrai.ns were determined with an 

accuracy or~ 5 x 10-? in . /in. The coefficient of linear 

expansion of aluminum is 133 x 10- 7 i n ./in./ F; t hat of 

steel is 58 x 10-~ in./in./ F. Thus each degree of tam

perature ohange in the specimen would result in a thermal 

change in length of fifteen times the minimum extension 

measurement possible, if a steel extensometer rod were 

used. As the temperature of the enclosure may vary a 

maximum of .;t 3 degrees, a thermal change of length of 

several times a week's plastic extension could occur. 

Therefore, in spite of the fact that t he aluminum tube was 

rather fl'a gile, it was necessary- to use it to minimize dif• 

ferential changes in length between the specimen and the 

extensometer tube. A second advantage of the aluminum 

tube was its light weight. This had a ne gligible effect 

on the conductors but was important on the single strand 

t e st whe n a slight load in the middle of the s pace was 

suff icient to produoe sagging. 
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In order to learn the effect of the clamps upon the 

creep rate as well as to determ1ne if the ola.nps s hould 

slip slightly, it was necessary to provide a means of meas

uring overall extens i on. This was accomplished by attach• 

ing a pointer to the outboal..d end of each loEl.ding lever . 

A six ineh steel scales were attached to a frame placed 

behind the pointers; the gl,aduation on the scales permitted 

readings of leve r deflections accurate to the nearest 0.01 

inch. The levers then amplified the overall extension by a 

factor equal to the lever ratio. Thus the unit extension 

of t he specimen could be determined by the following 

formula: 

deflection on scaleE • 
lever ratio x overall length of specimen 

Unit extension measurements accurate to within 3 x 10· 6 

inches per inch were possible. The overall unit extension 

could then be compared with the unit extension present 

within the ga ge lengtht revealing the effect of the grip

ping devices upon the creep rate. 

Temperature control is perhaps the most important 

single factor in creep testing. To maintain the test tem

perature of 75 F. within the maXimum variation or J F. 

permit ted, it was decided to construct an enclosure around 

the group of loading colwnns . A framework or 2 x 4' a wa.a 

erected; this was covered by Firtex, a good the~al 

insulator. 
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The entire enclosure, complete with the temperature 

control system, can be seen in Figure 6 . A c i rculating air 

s ystem was used for air c~nditionin e; • .Air was drawn out of 

the chamber through a duct near the ce iling; it then passed 

through the fan over either an electrically heated coil or 

a water cooled coil, and through a duct outside one wall of 

the enclosure. The wall duct carried the conditioned air 

into a distributing chamber in the floor. From this point 

the air passed into two ten inch diameter distribution 

pipes which carried the air the length of the enclosure and 

exhausted it. The conditioned air then passed back over 

the specimens to the intake and was then recirculated. 

Precise te perature control was provided by a two way bulb 

type thermostat placed near the exhaust end of one of the 

distribution pipes. It was wired through a relay system 

which activated the heating element upon contact of the low 

temperature sensor or the cooling water val'Vle upon contact 

ot the high temperature sensor. The controller was set to 

maintain the test temperature of 75 F. with a maximum de

viation of less than 1 F. The air conditioning system is 

shown schematical ly in Figure 7. 

During the summer months when the ambient temperatures 

were above 80F, it was found that the water coolin g system 

was inadequate to maintain the teat temperature accurately. 

Consequently a refrigeration system was installed to 
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subcool the cooling water. For the greater part o£ the 

year, the conditioning sys,tem operated on the heating cycle 

only. 

Since variation in temperature within different aec

tions of a specimen was to be avoided, it was necessary to 

know whether these variations existed. Therefore a complex 

network of thermocouples was installed, one at each of fit

teen different locations within the enclosure. A Brown 

sixteen point electronic temperature recorder maintained a 

permanent record of the temperature at each of the fifteen 

thermocouple locations within the enclosure; it recorded 

the ambient temperature on the sixteenth point. 

The enclosure was wired and sockets were installed for 

three electric lights. A safety device was employed in the 

enclosure; the air conditioning fan deflected a hinged flap 

which supported a mercury switch. Should the fan stop, the 

flap would descend, turning off the mercury switch. This 

ahut off the heating system. Fire thus could not have 

resulted from locally overheated walla if the fan should 

have failed. 

Calibration 

There were two items to be calibrated; load and tem

perature. 
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Load . Oal;.ib;t:ation. 

Several means were available for calibrating the 

weight or the dead load required to;r a given tension in the 

specimen. The lever ratio could have been measured with a 

steel scale; this means, although simpler, would not have 

been su.fi'iciently accurate.. A hydraulic jack equipped with 

a pressure gage could have been used, but the gage on such 

a. meoha.Il.i,sm would not have i'ine enough graduations. Stand

ard weights coul<l ~have been employed; however, as it was 

desirable to test the lever under its full working load, 

four tons of standard weights would have been ~equi:red, 

making this approach very impractical. The X'ing dyna

mometer method of calibration was decided upon and a X'ing 

seven inches in diameter of 11/16 by 2 inch steel plate was 

formed. Four strain gages were placed on the sides of the 

ring, two inside, the other two outside, 90° from the 

points of load application. The completed ring was tested 

on a universal testing machine, using the latter as a 

standard, by taking numerous strain gage readings through

out both loading and the unloading cycles. The above 

procedure was repeated several times to insure accuracy. 

The dynamometer proved to be sensitive to a load variation 

of' five pounds. 

Using the ring dynamometer as a standard and a steel 

cable substituted for a specimen, each of the six columns 
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was calibrated, both on loading and unloading cycles . 

Friction in the lever mechanism proved ne gligible, as a 

change in load upon a dummy specimen of ten pounds was 

apparent on the strain ga ge meter . Since the minimum load 

employed on the conductors was 2275 pounds, t hi s was well 

within the one percent accuracy specified by the ASTM. 

The temperature of the different locations within the 

enclosure as well as that of the exterior location were 

measured by means of copper • constantan thermocouples . 

E-ach thermoeouple was checked for accuraoy a gainst a pre

cision me rcury thermometer. 

All s ixteen thermocouples checked within one degree 

Fahrenheit of the standard teillperature. 

TEST CONDITIONS 

The test conditions were specified primarily by the 

manufacturer. They will be discussed in detail below. 

Since all six specimens from a given run were replaced at 

approximately the same time, it was poss ible to assign a 

different series number to each new run to differentiate 

the various runs. This paper, then, is concerned with the 

r e sults obtained from data taken on Ser ies J and Seri es 4 
specimens . 

To provide a me t hod of referring to a particular 

specimen of a given manufacturing lot number subjected to a 
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certain preload and test load without writ ing a brief 

descriptive paragraph for each specimen, it was necessary 

to devise a code. Accordingly, sy; bola were assigned to 

indicate whether the specimen was a conductor or single 

strand; whether it was from Lot 1 or Lot 2; the amount of 

its preload expressed as a per cent of its ultimate ten

sile strength; the duration of the preload ; and the amount 

of its tes t load, expressed as a per cent of its ultimate 

tensile strength. The symbols were arranged in the above 

order. Thus C-2-50, 1-2.5 may be interpreted as a conductor 

from Lot 2, subjected to a preload or .50 per cent of its 

ultimate tensile strength for one hour, fo llowed by a test 

load of 25 per cent of its ultimate tensile strengt h . 

Likewise S-1-0•25 represents a s ingle strand of conductor 

wire from Lot l, subjected to a test load of 2.5 per cent of 

its ultimate tensile s trength, no preload being employed. 

This designation s ystem was used on the graphs in this 

report. 

Specimens. 

The specimens tested in Series 3 and Series 4 included 

ten lengths of 4/0 seven strand all aluminum alloy con

ductor and two lengths of conductor wire. The specimens 

were all approximately 26 feet long. Of t he ten conductor 

specimens tested, nine were from Lot 2; the tenth was from 
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Lot 1. One single strand specimen was taken from ~aeh 

manufacturing lot. Each of the Lot 1 specimens tested 

duplicated a test made on a Lot 2 spec imen , that the effect 

of processing differenoasupon creep rates might become 

evident. Each s pecimen was assumed to be a representative 

sample of its particular manufacturing lot. 

Loads. 

Since in service conductors are generally prestressed 

for s hort periods before they are permanent ly strung, tho 

manufacturer wished to determine the effect of this pre

stressing upon creep rates. Accordingly, he specified t hat 

most of the s pecimens be preloaded at varying percentages 

of their ultimate strength. Therefore Series 3 and Series 

1+ tests were arranged as s hown in Table 2. 

The table indicates that all the s pecimens were sub~ 

jected to a test load of 25 per cent of the specimen ulti

mate tensile strength. Actually , however, the t wo single 

strand specimens tested in column 6 ~ere subjec ted to test 

loads of 1/28 of the conductor strength . Since the conduc

tor was composed of seven strands, it would seem that thia 

would correspond to a test load of 25 per ce,nt of the ulti

mate tensile strengt h of a a1ngle strand. However, such 

was not quite t he case. Stranding induced additional 

stresses which reduced t he overall conductor strength by 



TABLE: 2. Test _Qc:m_Q._1_tion~ _Q_t $_Q_rie~___3__ and__J)~ries L$pee1me=n=s::;____~ 

Prestress C_C!ll~1t1Qn~ ___ ~T~st_ Q_()_n_g_1,_~~JLn_L___ 
Column Code Percent Load True Duration Percent Load True 
Number Number U.T.s. 1b Stress Hours U-TS 1b Stress 

___ ___ ___ _ - · ~ IHiti_____~·- ___ ___ ___ __ __ __ __ ________ltlli=---
Series --3~'rest'S · · ·· ·· · · · 

1 C-2-80,1·25 80 7280 38,.900 1 2S· 2275 12,310 

2 C-2-90,1-25 90 8190 41+,.300 1 25 2275 12.310 

3 C-2-70,1-25 70 6370 34.500 1 25 2275 12,310 

4 C-2-60,1-25 60 5460 29 ,5_50 1 25 2275 12,310 

5 C-2-75,3000-25 75 6825 36,700 .3-000 25 2275 12,310 

6 S-2-0-25 None 2$ 325 12,310 

Series 4 Test 
1 C-2-50,1-25 50 4550 24,600 1 25 2.275 12,310 

2 C-2-0-25 None 25 2275 12,310 

3 C-2-40,1-25 40 3640 19,700 1 25 2275 12,310 

4 C-2-30,1-25 30 2730 14,770 1 25 2275 12,310 

5 C-1-30,1·25 30 2730 14,770 1 25 2275 12,310 

6 S-1-0-25 None 25 325 12,310 

0' 
1\) 



about five per cent. Therefore the single stra~d specimens 

were actually tested at approximately 24 per cent of their 

ulti ate tensile strength. 

Duration 2£ !!!1• 

Since t he effect of prestressing upon creep rates was 

unknown at the beginning of the Series 3 tests, no definite 

time was set for completion of the tests. For the tests to 

have a practical value, however , it was necessary that they 

continue until the individual specimens had indicated 

definite strain-time curves . Once a pattern in the ourvea 

had been established, test periods of extreme length 

(e. g., 5000 to 10,000 hours) would probably be no longer 

necessary. 

Observationa. 

The frequency of extension readings required at the 

start of the tests was another unknown quantity; t herefore 

on early tests more readin gs were taken than necessary . 

The procedure followed later was as follows: Readin 6s were 

taken each hour for the first twelve hours . After this 

period, readings were taken every day for a weekJ readings 

were then taken twice a week for the duration of the test. 

On specimens subjected to preloads , extension readings 

were taken at ten minute intervals for one hour . The 
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excess load was removed quickly; the above procedure was 

then followed for the duration or the test. 

RESULTS 

General 

The data determined as a result of these tests may be 

found in the appendix. However , the graphs whi~h follow 

form a far better means of comparison of specimens and of 

determination of results. The rectangular coordinate 

graphs reveal that , in general, the total extension of the 

specimens during the first 500 hours of the test was con

siderably greater tl:r.an that of the next 4000 hours . This 

initial rapid decrease in creep rates indicated that per

haps more than one mechanism was operating, at least in the 

early hours of the tests. These inaications were confirmed 

upon examination of the log-log plots, wherein two curves 

were required to define the extent of plastic flow of each 

specimen. A complete interpretation of these curves is 

discussed later in this paper. The curves s how slight 

variations in the plotted po1nt3 , part of which was evi

dently due to 'Strand settling and part to variations in the 

creep testing apparatus. As these variations had an ef:feet 

on t he aeouraey of the tests , they were important . They 

are discussed in detail below . 
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Performance .2! Equipment 

Generally speaking, the performance of the equipment 

left little to be desired . However, two tests were inter

rupted; one by an equipment breakdown and t he other by a 

freak accident. The specimen subjected to a 90 per cent 

preload had been under test for over 2000 hours when the 

pointer at t he end of the loading lever hung up on the 

steel &cale used to measure overall elongation . This went 

unnoticed until strain-time curves were plotted on the 

results from this test. These curves showed a suddenly 

reduced creep rate. The source of the trouble was then 

located and the test was continued; however, the data taken 

from this test after 2000 hours were of very doubtful value. 

Consequently, all curves drawn of data taken from this 

test do not include data for the full 4000 hour duration of 

this test . 

The Lot 1 single strand test was interrupted after 

about 1800 hours by an equipment failure . A soldered joint, 

joining the steel loading cable to a connection which sup

ported the dead weight, pulled out, releasing the specimen 

from the load.. The connection was not subjected to any 

known sudden overload. It was not stressed above its 

elastic limit, else it would have doubtless have failed much 

earlier. Ironically, then , one may logically conclude that 

the creep testing machine failed in creep. 
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Whereas the curves seemed to follow regular patterns, 

so e deviation of points from the curve was evident . For 

example, it was not too unusual for a specimen which had 

been elongating at the rate of 0.001 inch over its gage 

length per week occasionally to indicate a 0.003 inch ex

tension over a t hree day period. Indeed, extensions aa 

great as 0.006 inch or over have been indicated over a 

three or four day period. There was no knownexplanation 

for this. However, it was very doubtful if this sudden 

apparent extension can be attributed to creep. Creep is a 

rate process; its rate of flow produces a a. ootb curve . A 

far more likely explanation would attribute these irregular 

indications to friction in the testing machine , either 

within the extensomete r or within t he load ing system . The 

extensome ter tube was very light ; friction in the support

ing clips could induce a slight tens i le stress in the tube. 

~J.lhis stress would increase until it was sufficient to over.. 

come the fri ction i n the clips. It would then Jump sud

denly, producing an occasional abnorma lly high strain 

reading . The ~oading system, too , probably caused an 

occasional high strain reading. Friction in the bearings 

could permit the loading lever to descend in jerks with the 

gradual extension of the specimen. Frict i on in the dial 

indicators was also of some consequence, but t hese were 

tapped before each readin g was taken to min i mize internal 

friction. 
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A olose examination of the test data revealed t hat a 

large indicated extension in overall lengt h was not always 

accompanied by a large extension over the ga ge length . 

However the entire loading systems were located outside the 

enclosure and were thus subject to thermal expansions and 

contractions above those within . the enclosure . Furthermore, 

any slipping within the gripping devices obviously would 

not be registered within the gage length, whereas any such 

slip was definitely i ncluded in t he me asurement of overall 

extension . The only extension common to both t he gage 

length and overall extension was creep; one could not , 

therefore, expect any direct correlati on between individual 

extension readings when each measuring system was affected 

by different variables. 

The temperature control of the enclosure was considered 

to be excellent. Durin g the entire period t he writer was 

affiliated with the creep testing apparatus, a t n o time did 

the Brown electronic recor der i ndi cate a t emperature devia

tion anywhere withi n t he enclosure of mora t han t hree 

deg'l~ees from the test temperature of 75 F'. A mercury 

thermometer located at specimen hei gh t at about t he mid

poitlt of the enclosure waa read every time strain gage 

readings were taken . Never was it obs erved more t han one 

degree from the required 75 F. It was quite unlikely that 

the temperature of the gage length of any of the test 
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speeiroens varied more than two degrees from the desired 

75 :b, . 

INTERPRETATION OF RESULTS 

General Correlations. 

Aa has been mentioned earlier, the creep curve shown 

in Figure 1 generally does not hold for specimens tested at 

w:nbient temperatures. Therefore, it came as no surprise, 

upon analysis of the results presented in this paper to 

learn that no constant rate of creep was evident at any 

time during the test. Thia phenomenon may be explained as 

follows: Quasi-viscous creep, the co.:nbinatlon of quasi .. 

viscous flow and sliplesa flow which comprises the entire 

known plastic flow mechanism throughout the secondary stage 

of creep, does produce some strain hardening due to the 

action of slipless f low. However, the interaction of dis

locations causing this strengthening effect is balanced at 

moderate temperatures by thermal recovery which is in turn 

caused by diffusion. At ambient temperatures, then , one 

might expect a continually decreasing rate of creep, 

because reeovery effects then ar& extremely slight in com• 

parison with the work hardening effects. Therefore , at 

ambient temperatures, creep of the specimens te.sted could 

be expressed as a diminishing rate process. 



The fo~ulas and parameters explained earlier were 

devised as a means of correlating creep rates of specimens 

subjected to either different stresses or different tem

peratures. Consequently, in their present forms they were 

of little value in analyzing data taken in the foregoing 

tests, all or which were subjected to identical test load 

stresses and temperatuz•es. However the basic rate equation 

£~ Aij;] used in the derivation of these parameters and 

equations was of value in explaining the results of these 

testa. Since the gas constant R and the absolute temper

ature T w&re obviously constant throughout the test, the 

only exponential variable remaining was the activation 

energy A H. But the activation energy, although variable 

with both temperature and stress under ambient test con

ditions, re.mains constant for a given load a nd a given tem

perature. Therefore, under the test conditions the 

exponent -(~) could be replaced with the exponent ·n , 

constant tor any particular test. 

The low temperature creep evident in the foregoing 

tests has been defined as a diminiehing rate process . Was 

it not possible, then, in view of the above facts, that the 

creep rate would dirnini h according to some exponential 

function of time? As a teat , strain versus time curves 

wer·e plotted on log-log coordinate paper . Without excep

tion , it was possible to describe the plotted points by 
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means of straight lines. This would indicate that the 

equation for total strain at any time may be expressed as 

follows; 

E. : Atn, 

where E. i.s total strain; 

A is a constant; it is the strain intercept at one 

hour; 

t is the time in hours; 

n is a constant for given loading and preloading 

conditions . 

The strain rate at any time may be evaluated by differen• 

tiating the expression for total strain with respect to 

time: 

£ : n Atn-1 

where [ is a strain rate. 

This expression implies that the creep rate would never 

become constant; it t herefore agrees with the experimental 

results. However, it does indicate that plots of this 

creep data on rectangular coordinates are of little value 

in extrapolating to future strains. Although the coordi

nate plots, especially the one s hown in Figure ~ which ran 

for 10,000 hours, show that t he creep rates have seemingly 

approached a constant value, a larger scale showed a con

tinuing decline in oreep rate. Obviously, then, the strain 

at some future time could not be extrapolated directly from 
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the rectangular co()rdinate plots, but eould be determined 

only from the log•log plots or from the use ot the equation 

of the. curve; i.e., from the exponential equation given 

above. 

The above approach, although it differed from most of 

the previously proposed parameters, is not new. Vcyatt (l) 

proposed a logarithmic law for low temperature creep; 

Schoeck(l} indicated that the creep rate as a function o£ 

time may oft.en be expressed as an exponential relationship 

not unlike the one chosen above. 

Having determined an equation which suital)ly described 

the creep curves, the constants A and n had to be evaluated. 

This was accomplished as follows. The logarithm was deter

mined for both sides of the strain equation, resulting in 

the following expression: 

log €. -: log A + n log t 

Specific values for both e and t were substituted into the 

equation from two points on the curve. The :resulting 

equations were then solved simultaneously thus evaluating 

the constants. These constants are found in Table 3. 

Preloaf! 

fi~e specimens subjected to one hour preloads showed 

marked reductions in total strain for the times they- were 

under test loads. In order to correlate this reduction in 



Code Number 

C-2-90,1-2.5 

C-2·80,1-25 

C-2-70,1-25 

C-2-60,1·2.5 

C-2-50,1-2.5 

C-2-40,.1•25 

C-2-30,1-25 

C-2-0-25 

C-1-30~:1-25 

e-2-75,3ooo-25 

S-2-0-25 

S-1-0-25 

TABLE 3 

Table of Constants . :for. the Creep Equation 
' ' 

Initial Stage Secondaey Stage 
A n A n 
0.0708 0.915 0.716 o.5.59 

0.0100 1.097 0.235 0.652 

0.0537 0.984 1.192 0.527 

0.6713 0.71.5 4.60 0.417 

1.332 0.665 5.78 0.423 

8.104 0.540 19.32 0.316 

6.891 0.585 39.65 0.262 

61.35 0.276 106.10 0.181 

9.01 0.408 18.91 0.278 

13.51 0.338 25.36 0.140 

35.90 0.326 95.96 0.198 

23.03 0.300 37.27 0.221 
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later strain with the stress induced during preloading, an 

equation had to be derived relating stress and strain at 

·stress was plotted, rather than load, in order that 

specimens of varying sizes in other tests might be compared 

on the sa1ne basis • However, this presented a · problem, 

since stranding weakens a cable slightly; the reduction in 

strength is dependent upon the pitch and uniformity of the 

we-ave . In order, then, to use true stress as a:n ordinate, 

it was necessary to determine,quantitatively, t he ratio 

between the ultimate strengt h of a single strand compared 

to that of the conductor. This ratio was found to be 1 .052. 

Accordingly, graphs were plotted on both logarithmic and 

arithmetic coordinates of stra in at one hour versus true 

stress, found by multiplying the apparent stress induced by 

the various preloads by the ratio 1.052. They may be seen 

as Figures 8 and 9, respectively. Analysis of the log-log 

plot showed that, although the points were somewhat scat• 

tered, the strain at one hour could be expressed as an 

exponential function of the stress. The equation, with 

constants fitted, is expressed below. 

G 
€, = (2207 2.195 

Where: G equals the prestress; 
£ equals strain at one hour; 
2.195 equals 1/n, where n is the slope of the 
2207 equals the stress intercept. curve; 
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AttELnpts to correlate prestress in terms of strain measured 

over the test period that followed were unsuccessful. The 

work of fprmer investigato1•s was then examined, in hopes 

that a workable solution to the problem mi ght be found. 

Although no similar testing procedure was uncovered, it was 

found that atta;~pts have been made to correlate prior 

strain with c.reep. Dorn , Goldberg , and Tietz (lJ) 

attempted to correlate creep rates of speclmens which had 

been subjected to vary:l.n g an10unts of prior strain. The 

stra i ns employed in t heir tests were well above those en

countered in the conductor creep tests. Furthermore, they 

were not successful in deriving even an approximation foro 

future creep in te~ns of prior strain. It 1st t herefore, 

not pGss1ble to present a solution to this problem here. 

Correlation ~ Prestressed S,Eecimens. 

A substantial reduction in tot al creep was effected 

over the duration of the test period by means of preloading, 

with the greatest reductions in tota l creep stra i n follow

ing the greatest prestresses. Evidence of this fact ia 

immediately noticeable upon examination of Figure 10. One 

exception was found; the specimen subjected to a preload 

90 per cent of its ultimate tensile strength suffered more 

creep than the one subjected to an 80 per cent preload. 

Although the exact cause of this difference was not 
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definitely know::1, one mi 3ht surmise that the specimen sub

jected to the 90 per cent preload was overstressed. Analy• 

sis of a stress-strain curve for this alloy revealed that 

the latter specimen was prestressed above its proportional 

limit . Since recovery is fairly rapid at such stresses, 

one might surmise that the effect of the increased recovery 

rates present under the 90 per cent prestress was greatel' 

than the work hardening effects induced by increasing the 

s t;ress rrom 80 per cent to 90 per cent or the ultimate 

strength of the conductor . Thus the unconformity of this 

specimen with the remainder was probably not due to an un

representative samples or to faulty equipment, but was to 

be expected . 

Theoretically, the various curves mentioned above 

should have been spaced at regular intervals on the graphs . 

Such, however, was not the case , especially between the 

specimens prestressed to 50 per cent and 60 per cent of 

their ultimate tensile strengths . This was not regarded as 

significant , however, becau.se the many uncontrollable fac

tors present were fully sufficient to produce such a devia

tion . In the first place, conductor is generally manufa c• 

tured with a weight (and therefore strength) tolerance or 
two pe! cent . Then stranding, handling; and even heat 

treating could have varied slightly within the same manu

facturing lot . Finally, some experimental error was 

http:becau.se
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doubtless pre.sent. These factors . in combination could 

eas i ly have caused the apparent discrepancy in curve 

spacing. 

Figure 10 shows that the highly prestressed specimens 

showed some negative strain immediately after application 

of the test load. The large scale necessary for t his graph 

does not present the true picture of what happened. The 

test load was applied by merely removing some of the pre

load from the specimens. Initial readings were taken 

imnediately. All the anelastic strain present in t he 

specimen as a result of the high initial load did not have 

time to come out of the s pecimen during the brief period 

between the reducing of loads and t he initial readings. 

Consequently, as the rate of return or the anelastio strain 

was greater t han the initial creep rate, an apparent neg

ative creep rate was produced. Although the amount of this 

apparent negative creep varied considerably, generally it 

increased with increased preloads, as would be , expected. 

Difficulty was expected in determining an e quation to 

fit the conductor strain-time curves. A certain amount of 

mechanical strand settling was expected, and since cables 

exhibit lower strength, no elastic limit and a reduced 

modulus of elasticity, further difficulty was expected on 

these bases. However, although slight variations did 

exist, it was always possible to approximate the log-log 
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curves of the conductors by means of straight lines, al

though more point spread was present than on single strand 

plots. The equation e : Atn was then evaluated for each 

specimen tested; the respective constants and exponents 

are listed in Table 3· 

A study of the log-log pl ot shown in Figura 11 re 

vealed some interesting phenomena . The fact that. two 

straight lines defined the creep curve on the log-log plots 

would not only seem to indicate that at least two distinct 

mechanisms were operating, but that the intersection of 

these lines apparently would define the changeover from the 

primary stage of creep to the secondary s~age . However, as 

the plastio flow present was accompanied by the effects of 

str.and settling and coiling , the latter was not necessarily 

the case. For purposes of identification , though~, the 

times bounded by the first and second curves will be t ermed 

the initial and secondary stages, respectively. 

In general , a. higher preload resulted in less total 

initial creep ·strain, as was expected. However, the time 

at which the secondary stage began was found to be also 

dependent upon the preload, with the higher prestressed 

specimens displaying greatly lengthened periods of initial 

creep. The initial creep rate as well as the secondary 

creep rate was also substantially increased in specimens 

subjected to hi gher preloads. 
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Perhaps the most interesting observation that can be 

made on this log·log plot lay within the re gularity with 

which the specimens varied in their secondary creep rates. 

A glance revealed that the secondary creep curves were con

vergent; extrapolation revealed that every curve inter

sected a constant stre.in line at approximately the same 

point, located at a time of approximately 4 80,000 hours . 

Although an extrapolation this far into the future must be 

re garded with uncertainty, this fact was of notable impor

tance. It would indicate that prestressing to reduce 

future strain is of no value if restringing is not to be 

done oftener than 55 years . Indeed, it would indicate that 

a spec imen prestressed for one hour would sag !Xlore ovel" a 

60 yeap period than one strung up without prestressing . 

Althout;;h it was amazing that all t he different strain 

time curves should intersect at a point , the fact that they 

converged had been determined in other tests . The work of 

Dorn , Goldberg, and Tietz (lJ) best bore this out. 

Since efforts to correlate prestress with the strain 

under a test load were unsuccessful, the next step was to 

derive a method of predicting total test load stra i n tor 

any preload from the experimental data . Accordingly, the 

constant A and exponent n for each specimen were plotted 

a gainst prestress. It was found that the n of econd ry 

creep was a linear function of the prestress, suggesting 



that prestressing left a definite effect upon the activa

tion energy. 

However, when the constant A had been plotted it be 

came evident that no simple equation, if indeed, any equa

tion at all, could produce the resulting curve. The points 

were Just too scattered to evaluate at all, indicating that 

a considerable variation in coiling and stranding ef:fects 

was present. Consequently, it was not possible to predict 

accurately total .future strain at any time from any given 

prestress data, even in conjunction with known test results. 

The most accurate way of approximating future strain for 

any preloaded specimen subjected to a test load of 25 per 

cent of its ultimate strength would be to sketch in a 

curve at a likely location on the log-log plot shown in 

Figure 11. 

As any metallurgical explanation of the above phenom

ena would be mere speculation, none will be given here. 

These tests, together ith those of Dorn, Goldberg, and 

Tietz (13), indicate that the mechanisms which cause the 

phenomena listed above are extremely uncertain. Perhaps 

further research will better reveal the nature of these 

mechanisms . 
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10,000 ~ !!!i· 

Whereas all specimens prestressed for one hour 

exhibited lengthened initial creep periods , the 10,000 hour 

test specimen , prestressed for 3000 hours , displayed a com

paratively brief period of initial creep. One explanation 

for this fact was that the length of the prestressing 

period exceeded the length of the initial creep stEige . 

Theoretically, then, the only primary stage evident s hould 

have been due to recovery during t he brief period of re • 

moval of the load and the readjustment pe:r•iod i nnnediately 

following. Other preloaded specimens indicated an increase 

in creep rate followin g prestressin g. This specimen ap

parently did not follow that pattern. However , it should 

be considered that all creep r ates measured during these 

tests were decreasing. The r eappl ication of load after 

3000 hours of preloading was s imilar to starting a new 

s eries of creep measurements after the creep rate has been 

allowed to decrease for 3000 hours.. This accounted !'or the 

low creep r tes of t his test. 

The 10.000 hour test demonstrated several facts; firs~ 

the logarithmic creep law was verified for times up to 

10,000 hours , indicating a probably indefinite continuation 

of gradually declining creep rates. Second, the decl ine in 

creep rate after long periods of time was almost ne gligible, 

as i s shown on the rectane;ular coordinate plot of F•igure 12 J 
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the curve is ve1..1 nearly a straight line. Thi!'d, extensive 

p!'estressing not only reduced the amount of primary creep 

and its duration, but also the amount of secondary creep to 

the extent that after 10,000 hours of testing, t his speci

men showed less total strain than any other specimen teste~ 

including the single strands which were tested for periods 

of only 2,000 hours . Finally, the creep rate of this 

specimen at a given time, best indicated by the slope of the 

curve on Figure 1.3, was the lowest of all specimens tested . 

Conductor and Wire Correlations . 
--~~--~ 

As was expected, the conductor specimen exhibited a 

higher initial creep strain than a single strand of the 

same manufacturing lot. This is evident in Fi gure lL~ . 

This was partially due to the added stresses in t he cable 

induced by stranding and to unequal strand loading caused 

by uneven gripping of t he clamps, but primarily to the 

mechanical strand settling present initially. As can be 

seen on the log-log plot of these specimens. s hown in 

Fi gure 15, the initial effects of stranding disappeared at 

approximately 300 hours; rrom then to the duration of the 

test, both conductor and single strand exhibited quite 

similar rat es or plastic flow. 

Since the only sign ificant difrerence betwe,en the 
( secondary creep rates between the single strand specimen 
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and the 1.dentically loaded conductor was the intercept A, 

it was easy to equate the conductor creep in terms of the 

single strand. For the specimen tested, ·t hen, the oonduo

tor creep strain cou.ld be approximated at any tl e by 

E., : 1.6Atm, 

where A equals constant - the strain inter· 
oept of the single strand; 

t equals the time in question, 

n equals the slope of the log•log plot of 
the single strand; 

1.6 equals t he ratio between intercepts of 
of the conductor and the single 
strand. 

As stated, t his equation was known to hold true only for 

unpreatressod specimens subjected to a test load of 25 per 

cent of theil" ulti ate tensile strength. However, as 

stranding effects in a given specimen probably are not too 

variable with load, one might expect that this relationship 

might hold true for any test load. Further tests would be 

neoes~ary to substantiate this, however. 

Manufacturing ~ Correlations. 

A surprising difference was found in creep rates of 
' 

specimens takerJ !'rom the . different manufacturing lots as 

can be seen on Figures 16 through 19. The two single 

strand tests indicated a marked differenoe in the values 

of the intercepts "A", with only a slight difference in the 

creep rates at any time, evidenced by the relatively slight 

variation in their exponents. nn". 'ra ble 3 lists these 
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values . This fact would indicate that Lot 1 was cold 

worked more than r,ot 2, aince the former de .nonstrated all 

the effects of prestressing: a longer period of initial 

creep, a much lower intercept. but somewhat more .re.p id 

in1 tial and secondary cx•eep rates. 

Somewhat similar reaults were found in the results of 

the two tests of different lots subjected to 3 per cent 

preloads . Again t he Lot l speclme::1 exhibited a lower 

intercept and a somewhat more rapid rate of seoondat•y 

creep . However, in the latter case , the initial creep rate 

was greater in the Lot 2 specimen. This was not conside~ed 

to be of great importance , however , for the initial stage 

of creep is .but a temporary and often widely variable 

mechanism , The probable cause of this difference between 

manufacturing lots probably lay within the cold working 

each received; however, variations in a ging could have 

produced simi lar effects. 

Residual Stresses . 

Figure 20 is a photograph of the Ser•ies 3 s pecimens 

after they had been removed from t he loading colu.'l'lns. They 

are in t he following order fro'n le!'t to right - 80 , 90, 70, 

and 60 per cent prestressed specimens and l ast, the 10,000 

hour t e st specimen . It was evident ·that the length of 

loading and amount of preload had a pronounced effect upon 
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Figure 20. Etreot ot Creep Strain upon
Residual Stresses 1n Conductors 
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the re$1dual stresses. Although the specimens were ex· 

.tremely unmanageable as a resul t of the coiling ope rat i on, 

t he ones subje cted to the greates t loads were almost per

fectly straight , indicating t hat all residual stresse• had 

become equal ize d . Whi le not of direct value in for-mulating 

explanations for creep ,. t his photograph illustrates the 

eff ect of creep upon unbalanced residual stress es. 

Effect, 2£ Clamps. 

Although some Series 4 apecimens indicated a con

sidepable ino:t""ease iii overall unit extens i on as compared 

with the unit extension measured over t he gage length , this 

we.s not attributed to creep induced by s t ress concentra

tions near t he clamps. Since one conduct or (C-2-30 ,1-25 ) 

s howe-d no significant difference between unit overall ex• 

tension and unit extension over the gage length, it was 

probable t hat such differences found in other specimens 

were due to slipping of the cable as it settled within the 

clamps. Further evidence t hat t his was t he ease was found 

when the Series 3 s pecimens were replaced wi th those in 

Series 4-• Many of the clamps were quite loose although 

eaoh bolt had been tightened to 60 foot pounds upon instal• 

lation of Series 3 s pecimens. The amount of th$ theoret

ical differences be tween overall and gage length uni t 

strains may be found in the Series 4 data in the appendix. 
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CONCLUSIONS 

The mechanism of creep apparent in these tests seemed 

to be due primarily to normal slip throughout the primary 

stage and to quasi -viscous ereep throughout the secondary 

stage. Coiling and stranding effects made it impossible 

to determine exactly when secondary creep set in, even 

though the log-log eurves apparently indicated a marked 

difference between the two stages, with two straight lines 

necessary to describe both sta t;es aeou~ately. 

Attempts to correlate various para1neters and equations 

previously proposed were impractical, since t hese para

meters were subject to great error below 0.45 of the &bso• 

lute melting temperature of the specimen. However , the 

basic rate equation used in the development of these para

meters was found to be of value in evaluating the test 

results. 

Equipment . 

The teat equipment, witb. minor exceptions, operated 

se.tis.fa.ctorily. No modifications or alterations of the 

basic equipment design were necessary, although one test 

was interrupted by failure of the apparatus. The extenso

meters seemed to operate well, although an occasional 
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reading was out of line. The temperature contrml left 

little to be desired; it maintained the test temp~rature 

well within AST~ standards . 

Procedure 

The testing procedure was considered to be entirely 

sat i sfactory. Pez·haps more readings than necessary were 

taken on early tests; this was necessary, however, to 

determine the proper intervale at which the readings s hould 

be taken. Both temperature and load calibration were well 

wl thin ASTI•· s ta11da.t•ds . 1'he specimen s vtere chosen to indi• 

cate diff~n...ences between variations in preloading and manu

facturin g lot, and to evaluate the effect of stranding upon 

the creep rate. 

Test Results 

The total strain £ at any time t for any of the 

specimens tested may be evaluated by means of the following 

empirical equation : 

E._- : Atn, 

where A is e. constant for a. g iven speoirnen and n is the 

a lope of the log-log plot . 'l'he constants A and n were 

evaluated for all the s pecime:ns tested. Although n was 

found to be a linear function of stress, no correlation 

could be found between specimens subjected to different 
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prestresses, as no equation could be found whioh would 

describe A. The results of other tests indicated that no 

sat i sfactory relationship between prestressing and areep 

rates had been discovered. 

It was possible to equate creep stra i n of single 

strand s pecimens in terms of that of conductor specimens 

by multiplying the constant A for t he s i n gle strand by 1.6 

and substituting into the above equation the appropriate 

values for n and t from the single strand test. 

A surprising difference between manufacturing lots 

was discovered. Lot 1 appeared to have subjected to more 

cold working than Lot 2; it had a lower intercept A and a 

slightly higher exponent n, much the same effect as was 

produced by prestressing. 

Prest:r•essing conductors for one hour, although it 

greatly decreased total creep strain over t he times of 

these tests, resulted in an increased creep rate. Extra

polation from a log-log plot revealed that t he diff erently 

prestressed specime ns all intersected a constant strain 

line at a time of 48o.ooo hours. ThiB indicated that such 

prestressing was of no value for specimens subjected to 

similar loads for upwards of 55 years. The tests revealed 

t hat the existence of "creep limits" was out of the 

question for the test alloy, as a considerable amount of 

creep was still pl'•esent under a stress of 25 per cent of 
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the ultimate tensile strength of the specimens. 

Although the reliability of the test equipment had 

been demonstrated by duplicate testin g before the Series 3 

and 4 tests were run, ·the me.n7 ·variables present in t~hese 

tests could cause serious deviations from the values for 

the constants given in Table 3 • Further tests are needed 

to establish the reliability of the present data and to 

substantiate the results found here . 

RECOMD'iENDATIONS 

Although the creep testing apparatus perfor'1led satis

factorily, it is believed that some modifications would be 

he lpful in producing more consistent results. The elec• 

trical circuit s upplying power for lighting, air condition

ing, temperature recording and timing s hould be put on a 

special circuit. Fuses blown in other sections of the 

building s hould not have an effect upon this experiment. 

The vertical columns which support the loading leve~s 

are bolted to the floor and thus are subjeot to building 

vibrations. While it is felt that these vibrations produce 

no more than a very slight effect upon the loading, any 

unnecessar-y variables are to be ovoided. 

The loading system would be better if it were included 

within the enclosure. At present , it is not only subject 

to changes in ambient temperature , but it ia also ~ore 
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susceptible to disturbance from curious passersby. 

With regard to the test material, a co.nplete knowledge 

of the processing history of the conductor would be or 
great valu~ in evaluating data. Specimens shipped in un

coiled form or at least in coils of equal diameter would 

help to minimi~e variations in results. And, while on the 

subject or the test material , the writer would like to pose 

a question: nwhy should the manufacturer choose a pitch as 

fast as seven inches per strand revolution and thus suffer 

over a five per cent reduction in strength coupled with 

probably hi gher amounts of strand settling and thus initial 

creep strain when a slower pitch would theozsetically prov• 

more favorable in all these respeets?n 

Finally, although it is believed that these tests are 

of value, they must be substantiated by :further testing 

berore their results may be considered reliable. Every 

specimen tested in Series 3 and 4 was tested uniquely; 

there were no duplicate tests. Several substantiating 

tests of each sample mu.st be made before the results 

presented here may be used with confidence. 
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'fABLE l. CREEP TEST DATA 

Subject Creep Test: Aluminum All!Q: Cqnduetor Cable 

By: T. G~rard 
Column Nurriber;_..,..2..,... ___Lot Number:____2_ _ ____ 

Sex;iea Number: _ _.3___.tever Mult1plieat1on:_....ao.,.. • ..,.6_· . .........,_,. 

Gage Length: 200 
I 

in, Overall Length: ,24 .tt ap;erox 

Preload: ,20~ !'t the UJ,titnate pensile, strensth (8120 lb) 

lhr 

Test toad: . 25! or the ult1ment t«tnt1l~ strength (2275 lb) 

OBSERVATIONS 

ELAPSED STRAIN UNI'l' SCALE OVERALL 
TIME 
hours 

GAGE 
READING
o.oo1 in. 

E-LONGATION 
micro

inohes/in. 

REAl)IlfG 
inches-

ELONGATION 
Thousands in. 

(:Pr·eload) 

0 min o.o 0~0 o.o o.o 
5 min 82.4 ii2.0 2.25 109~1 

10 min 123.7 18.5 3.60 17i·71$ min +47-7 A.3a.s 4.28 20· .o 
20 min 17.3~7 68.5 4.50 218.1 

'0 min 206.4 1032.0 5.50 267.0 
0 min 2.34.0 1170.0 6~.38 310.0

50 :min ~55.t8 1279.0 1.05 342.0
60 min 2/5.4 1377.0 7.61 370.0 

(Reduced load to 2275 lb • . Specimen not~ under test load.) 

o.o 0~0 0~0 o.o o.o 
1.1 -0.2 -l.O o.o o.o 
2.3 -1• .3 -6.5 0.0.3 1.46 
3.6 -1 • .3 -6.5
5.2 -1.4 -7.0 

http:Mult1plieat1on:_....ao
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TABLE 1. (cont. ) 

OBSERVATIONS 

ELAPSED S'l'RAill UNIT SCALE OVERALL 
TIME GAGE ELONGATION READING ELONGATION 
hours READING m.icro inches thousands ltn. 

0.001 in. inehes/1n. 

11.0 
20.0 
28.3 
53~3 
82.3 

101.3 
121.7 
147.5 
176.8 
1<;1.9 
~·3.2 
288.1 
314.1 
3il.2 

403i·1 
ftft2 · .1.5 
4 2.0 
504.1 
527.1 
575~7 
605.6 
622.7 
653.4 
670.7 
697.6 
125.0 
766.6 

-1.4 
-1.3 
-o.5 
-0~3 
-0~1 
0.5 
0~7 
1.0
1 • .5 
1.6 
2.1 
2.1 
2.6 
2.8 
2.9 
3.3 
3.8 
3.8 
4.1
4.2 
4.5 
~-9.1 
5.1 
5.2
5.5 
5.5 
5.5 
5.9 

-z.o - .5
-2.5 
-:t.5 
-o.5
2.5 
3.5
5.0 
7.5 
a.o 

10.5 
10~.5 
13.0 
14.0
li.5
1 .5 
19.0 
19.0
20.5 
21.0 
22.5 
24-5
25.5 
25.5 
26.0 
27.5 
21.5 
27.5 
29.5 

' ' 

-0.03 

o.o1 

0.09 

0.09 

0.13 

0.15 

0.19 

0.19 

-1.46 

0.486 

4.37 

4.37 

6.)2 

7.30 

9.23 

9.23 
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TADIE 1. tcont.) 

OBSERVA'l' IONS 

ELAPSED STRAIN UNIT SCALE OVERALL 
Tl:l'lE GAGE ELONGATION READING ELONGATION 
hours READING micro• inches thousands in• 

0.001 1n. inchea/in. 

A93.3 
a~·3. o.a 
932.7 
98.3 •.3 

1061.5 
1132.4 
1196.0 
1269.4 
1.324.9 
1372.4 
1438.2 
1516.8 
1607.0 
1676.,3 
1727.3 
1804·7 
1873.0 
1948.9 
2021.3 
2114.2 
220~-9
228 · ·3 
2.301.3 
2353.0 
2441.1 
2506.3 
260).0
2684.0 

6.o 
6.2 
6.2 
6.5 
6.6 
7.1 
7.6 
1·1 
7.9 
7.9 a.o 
8.~a. 
8.8 
9.2 
9.z 
9~ 
9~5 
9.3 
9.9 

10.2 
10~5 
10.8 
10.1 
10.7 
10 . 9 
10 . 8 
10.8 
10.7 

30.0 
)l.O
)1.0 
.32~5 
33.0 
35.5
JB.o 
39.5 
39.5 
39.5 
40.0
42.0 
43.0
tti•o4 ~0
48 .5 
ij.8.o
47.5 
49.0 
49·5
51.0 
52~5 
54~0 
53.5 
53.5
54.5 
54.0 
54.0 
53.5 

0.21 
. 

0 . 22 

0.19 

0.26 

0.27 

0.)0 

o.31 

u.JC: 

0.36 

0.35 
0.,36 

10.4.0 . 
10.69 

9.2.3 

12.60 

13.1 

14.56 

15.05 

15.55 

17.5 

17.0 

17.5 
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TABLE 1. (cont.) 

OBSERVATIONS 

ELAPSED STRAIN UNIT SCALE OVERALL 
TIME GAGE ELONGATION READING ELONGATION 

READING micro• inches thousands in. 
0.001 in. inches/in. 

2780~0 10.6 53.0 
283.3.5 
2877.4 

10.6 
10.8 5~.0

5 .o 
2901._4 
29.33.9 
304.5.9 

11.0 
11.0 

55. 
55.0 

0.40
o.4o
0.41 

19.4 
19.4 
19.9 

3141.9 11.1 55~5 0~33 17.0 
3213~9 11.1 55~5 0.39 18.9 
3)09.9
3405.9 

11~7 
11.8 

58.5 
59.0 

0.42 
0.42 

20.4 
20.4 

3477.9 
3549~9 ' 
36~$;9 
3717.9 

11.8 
11.8 
12 • .3 
12.9 

59.0
59.0 
61.5
64.5 

0.43 

0.45 
20.9 

21.9 

3813.9 
)885.9
3957.9 
4029.9 

12.7 
13.0 
12-4 
13.0 

63~5 
65.0
64.;; 
65.-0 

0.46 

0.47 

22.J.,. 

22.8 

The test was interrupted by a lever malfUnction after 
about 2200 hours. Data taken after that time is of 
questionable value. Test discontinued December 12,1957. 
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TABLE 2, GREEP TEST DATA 

Subject Creep Test: Alum1num Allot Conductor Cable 
rl 

Bjj~ 'r. Ge~ard Date: . June, 27, 1957 -' 
i~ ". Colu.rp.n Number:_..-l..._~_ _L.ot Number:_......2________ 

.~:.!. 

Series Numberc J .. ·~ · ~Lever Multiplication: 20,8 tp l 

Ga~e Length= 200 in, Overall Length: ?4 ft appl'oe 

Pr~loauz 8Q! ot the ultimate tens1~ strength (7280 lb) 

lhr 

Test Load: , 22% of the ultimate tensile stret?-gth (2212 lb) 

OBSERVATIONS 

ELAPSED 
TIME 

STRAIN 
GAGE 

UiiiT 
ELONGATION 

SO, ALE 
READING 

OVERALL 
ELONGATION 

hours READING micro- inches tho~sands in, 
O,O()l,in, inches/in. 

- • • ~ •• •ol 

(Preload) 

0 min o,o o.o o.oo o,oo
5 min 24.4 a:z~ ~o 0.90 43~2 

10 min 25~3 126.5 0.91 43.7 
20 min 26.3 131.5 0.92 44:2 
Discovered lever resting on block • pul1e.d block out. 

25 min A3.3 381~5 2.70 130.0 
30 min 3.7 418 •.5 2,90 139 • .5 
~5 min 90~9 454.5 3.1,3 1,52.0 

0 min 96.7 483~5 3.32 1.59.2 
45 mln 101.5 501.5 3.~~7 166.8 
50 tl.in 10$.8 529.0 3.60 17,3.0
55 min 109.3 5~6.5 3.10 177.8 
60 min 112.5 5 1·5 3.80 182.7 
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TABLE 2, (cont •) 

OBSERVATIONS 

ELAPSED STRAIN UNIT SCALE OVERALL 
TIME GAGE ELONGATION 'lNG ELONGATION 
hours READING micro inches thousands in. 

0.001 in. inches/in. 

Reduced load to 2275 lb, Specimen now under test load. 

o.o o.o o.o o.o 0,0 
0.6 -0.9 -4.5 
1.5 •2.6 -13.0
2.6 -22~0 -0.09 -4.33·4·i3.8 -4· -23.0 -0.11 -5.28 
5.1 -4.6 -23.0 
6.7 -4.6 -23.0 

12.5 -4.6 -~.3~0 
-4;. • .21.5 -4.6 '"'3 0 -0.20 -9.62 

29.8 -4•4 -22.0 
54.8 -21.5 
83.8 ~18.5 -0.16 -7•7 

102.8 =~:! -16.4-3. 
123.2 -2. -12.0 
149.0 -1. -9.0 
178~3 -1.1 -5.5 

~ t, '5
~-193.4 -0~9 ..,.. . -0.10 -4.81 

213.5 -0.2 -1.0 
~5.8 -0.2 -1.0 
2 1·1 -o.l -0.5 -o.oa -3.84 
289.6 -o.1 -0.5 
315~6 o.o o.o 

o.o o.o3~2.7
3 6.2 0.1 0.5 -o.oa -3.84
410t0 0.7 .3.5 
443.6 0.7· 3.5 
483.5 1.1 5.5 -o.oa -3.84
505.6 1.4 7.0 
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TABLE 2. (cont.) 

OBSERVATIONS 

ELAPSED STRAIN . UNIT SCALE OVERALL 
TIME GAGE ELONGATION READING ELONGATION 
hours READING micro• inches thousands in. 

0.001 in• inohes/~n. 

.528.1 
577.2 
607.1 
624.2 
654.9 
672.2 
699.1 
726~5 
768.1 
A95~o 
~3.8

8 2.3 
934~2 
9~~8 
1063~0 
1133.9 
1197.5 
1270.0 
1326.4 
1373.9 
1439.7 
1518.3 
1608.5 
161z.a 
1A2 .a
1 06.. 2 
1874.5 
1950.~
2022. 
2115.7 . 
2206.~
2289. 
2302.8 

1~4 
2.2
2.4 
2.4 
2.5 
2~5
2.5 
2~8 
2.8 
2-.9 
3·3 
3·~
.3~ 
:3.7 
4.~1
4.5 
4.8 
4..8 
4.8 
4.. 8
5.2 

5.s.h 
6.4 
6.7 
6.7
6.i6. 
6.8 
6.8
1·i1 • . 
7.6 

7.0 
11.0 
12~0 
12~0 
12.5 
12.5 
12.5 
14.0 
14~0 
1~.5
1 .5 
16.5 
18~0 
+8~5 
20.5 
22.5 
24.0 

. 24·0 
24.0 
~·:· g 
28.5 
29.0 
32.. 0 
33.5 
33.5 
32•0 

,3.0
'34.o 
34·0 
J~.o 
; 40 
35.~ 

-o.o1 

-0.01 

o.o6 
o.o6 

-o.o1 

o.-o6 

0.09 

0.15 

0.1,3 

0.13 

0.18 

0.17 

•0.481 

•0.481 

2.88 

2.88 

-0.481 

2.88 

4·32 

7.21 

6.25 

6.25 

8.65 

8.16 
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TABLE 2. (cont.) 

OBSERVATIONS 

ELAPSED STRAIN UNIT S'CALE OVERALL 
TIME GAGE ELONGATION READING ELONGATION 
hours READING tn1ol"o... inches thousands 1n. 

'0.,001 in. inches/in 

2354.5 
2445~6 
2507.8 
2604~5 
2685.5 
2Aa1.5 
2 34·0 
2877·9 
2901t9 
2973~9 
3095.3 
3141.9 
3213.9 
3~09.<;
3 05.9 
3472.9 
3549.9 
3645.9 
.3~17~9 
3 A3•938 5.9 
3957.9 
4029.9 
41~$.9 
419'7.9 
~za.l9.1
4 91.1 
4636.9 
4750.3 
4049.1 
4919.1 

7.6 
7.6
h.6
.l 

8.1
B.l 
8.2 
8.3 

8.5
8.5 
8.6 
8.7 
9.l 
9~1 
9.2
9.4 
9•5 
9~6 
9.7 

10.1 
10~2 

lO.~10. 
10. 
11.0 
10~9 
11.0 
11.1 
11.1 
12~0 
12.3 

3B.o 
3B.o 
J8.o
4o.s 
40.5
40.5 
41.0 
41.5 

42.5
42 .. 5 
43 
lJ-3.5 
45.5 
45.5 
~6~0 
47.0
47.5 
48.jj
li,.8.5 
50~5 
51.0 
51~.5 
52~0 
52~0 
55~0 
59.0 
55.0 
55.5
55.5
6o.o 
61.3 

0.23 
0.23 
0.24 
0.24 
0.25 
0 .. 25
o.25 
0.25 

o.a9 

Oe30 

0.30 

Oe29 

0.32 

0.32 

0.32 

11.06 
11.06 
11.53 
11.53 
12.01 
12~01;
12,01 
12.01 

13.9 

14.!~ 

1h·4 

13.9 

15•4 

15.9 

15.4 
Test Completed • January 18, 1958. 
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TABIE ,3. CREEP TEST DATA 

Subject Creep Test: .Aluminy.m, Alloy Cgnduct?t Cable,, , 

By~: · T • Gera;rd Date 1 June ?7• . 12~7 , 

Column Number:_,....3'"-"'___,Lot Number:_...?...· -·------

S&J.··3s ~umber:__)..· ~--Lever Multiplication: 26. to 1 
1' 

Gage Length: 200 &n, Overall LEmgth: . .2l.t; .ft apn~o:x' ; 

Preload: 70~ of the ult1mp.te _ tcn!ile. strepsth ,6)'£0 lb) 

Test Load: 25% ·Of Ultimate tensile strength. (2212 l;t>} 

OBSERVATIONS 

ELAPSED STRAIN UNIT SCALE OVERALL 
TIME GAGE ELONGATION READING ELONGATION 
hours READI!TG micro- inches tho11sand in. 

0.001 in. inches/in. 

(P·reload) 

0 miri o.o o.o o.o o.o 
5 min 29.0 ),~6.5 0.99 45.0 
1~ m1n 37.9 1 9~5 1~29 58~7 
20 mtn 49.0 2~!).0 1~70 77.3 
30 min 56.8 2..4.0 1.98 90~1 
40 min 62·.1 Jl0 ~5 2.17 98.8 
50 min 66,8 334.0 2.34 106~2 
60 min 10.3 351.5 2.47 112.2 

R duoed load to 2275 1'0, SpecU1en now \.1nder teat loa4. 

o.o o.o o.o o.o o.o 
1.0 -4.8 -~-02.6 -5.3 •2 . • :$ 

(i.,': €> 4 -26.5-5-~17.4 -4. -23.0 -0.20 -9.10 

http:ult1mp.te
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TA'BIE 3 (cont.) 

OBSERVATIONS 

ELAPSED STRAIN UNIT SOAIE OVERALL 
TIME GAGE ELONGATION READING ELONGATION 
hours READING rnicro

inohes/tn• 
inches thQusa.nd in. 

25.7 
50.7 
79.7 
98.7 

119.1 
144.9 
lA$.~ 
1 9.3 
209.4 
~1.72 ).6
285.5 
311.5 
338.6 
362.1 
405.9 
439.5 
479.4
501.5 
524.5 
573.1 
603.0 
620.1 
6.$0.8 
668.1 
695.0 
722~4 
764.0 
A9o.9 
39·7 

858.2 
930.1 

-3.5 
-2.9 
-1.8 
-0.9 
-o•.s 
0.4 
1.0 
1.1 
1.7 
1.9
2.5 
2·.6 
3.0 
3.2 
~-7.1 
4.5 
4-9
5.1 
5.3 
5.9 
6.2 
6.3 
6.5
6.A6. 
6.8 
7.2
7.6 
7-9 
8~0
8.4 

. 
-17.5 
-14.5 
.. 9.0 
- 4.5 
- 2.5 

2.0 
5.0 
5.5
8.5
9.5 

12.5 
13.0 
15.0 
16•. 0 
18.5 
20.5 
22.5 
24.5 
25.5 
26.5 
29.5 
31.0 
31.5 
32.5 
3~.53 .o 
3~.0
3 .o 
38.0 
39·5 
40.0 
42.0 

-0.10 -4.55 

o.o o.o 

o.o3 1.36 

0.0.3 3.64 

0.11 5.00 

0.15 6.83 

0.17 7·74 

0.20 9.10 

0.21 9.55 
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ELAPSED - n:tT SO OVBRALL 
TIME JLOHGA•.n:ow READING ELO:N'GA9.'ION 
hour a mtoll'o lnehea tbQuaar.ut 1n~ · 

hlch••/tn. 

980. 7 
lO{lS . 9 
1129. 8 
l19,. S 
126 ' · ' 1)22. 4 
~69.1

.)$ ~ 
1Sl4. 2 
160ij.. 4 
16k4•7 1A . •1
1 2. 1 
18-70. 4 
19~6.3 
2016. 1 
21U . 
2202 • .3 
U3j•7 
!29 ·2w·4 1 

2 .s 
2$0).7 
2600 . 4 
2681 , 4. 
a'A11 .4 
2 _J(l.z 
2896. ·. 
2970. 6 
.3042. & 
)1.38 . & 

8 6 ' 
. $ · 

to.s 
10. 0 
1 ·0 . 1 
10.. 6 
10.7
l l . o 
11j
11. l2.fi
12 . 
12 . 8 
12. 8 ' 
1). , 
1.) .lij. • ~ . 
14. 0 
14..4 
14.2 
lij. . ~ . 
].4. 7 
14.. 9 
15. 1 
1$. 3 
1S. 9 
l$. 7 

16. 6 
16 . 8. 
16.8 

43-· 0 
47. 5 so.o 
so.o so.s 
SJ. O 
S3.S ss.o 
57. 0 
S9•. 0 
6l . S 
(>4 . 0 
64. 0 
6~~0
6 .s u .s 
72. 0 
70 . 0 
72 . 0 
11. 0 
72 . 5 7fS1 .s 
7 . :$
76.S 
79 . $ 
78. $ 

~· 0.o 
S!i. O 

0 4! 20 

0 . 28 

0.. 28 

0 . 32 

0 . ,34 

o. Jll. 
o.41 
0 . 40 

o .~ 

0. 47 
0.47 
0. 1,.1 
o.41 

~. 10 

12.• 72 

14 . 72 

14.52 

1.$. 42 

l$.ij.;! 

18. 6 

18 . 2 

19 ~1 

21.9 
21 . 9 
2l.i 
18. 

http:tbQuaar.ut
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TABIE 3. (cont.) 

OBSERVATIONS 

ELAPSED STRAIN UNIT SOAIB OVERALL 
TIME GAGE ELONGATION READING ELONGATION 
hours READING 

0.001 in. 
m1Qro

1nches/1n. 
inches thousand in, 

3210.6 16.9 84~5 0.52 23.6 
3306.6 17.0 85.0 0.51 2.3.2 
.3402.6 
3479.6 
3546·' 
3642~6 
3A1t~.6 
3 10.6 

17.4 
17.~
17. 
1z.9
1 .2 
18.2 

87.0 
86.5 
89.0 
89.5 
91.0 
91.0 

o.s2 
0.52 

o.$5 

0.56 

2).6 
2.3.6 

25.0 

25.5 
3882,6 
39~i·~402 • 

18.6 
18.5 
18.8 

93.0 
92~5 
94~0 

0.56 25.5 
4122~6 
419~.6 
~6 .8

65.8 

18,8 
19.~ 
19.8 
19.8 

94.0 
'95.5 
99.0 
99.0 

o.se 

0.59 

26.1J. 

26.8 

4537.8 19.8 99.$ 
4653.6 20.1 100.5 
4b47.04 45.8 

20.2 
20,9 

101.0 
104.5 

o.61 27.7 

4915.8 21.1 105.5 0.64 29.1 

Test eonoluded January 18, 1958 
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TABLE 11., C~EEP TE:lT DATA 

Subject Creep Test: .AJ.um1nwn A~loz Qonguc,tor Cabl!f -· ' 

By: T. Gerard Vater ,{'!l:Y 2, 1927_ 

Column Number:_ _..!J;....___...,Lot Num.bev:_ __.2.._. ------

Series Number: ___ 3"'-..,..·---·_.._.Lever Mult1pl1cat1on:_.....2.,.2._. ....,t....o....l-.-

Gag~ Length: 200 in1 41 
s Overall Length: ........2...4r.:....;;,f..,t_...a,..p.._p...ro...x...__ 

Preload: 6Q% ,or R6timate ten$1le strength (5460 lb) 

Test Load: 25% of ultimate tensile strength (2275 lb) 

OBSERVATIONS 

ELAPSED STRAIN UNIT SCALE OVERALL 
TIME 
hours 

GAGE 
READlNG 

ELONGATION 
micro

READIJ:tG 
inohes 

ELQl~GATION 
thousands 1n. 

0.001 in. inches/in. 

(Fl..eload) 

0· min 
5 min 

o.o 
19~0 

o.o 
95.0 

o.o
o.63 

0~0 
28.6 

15 min 
20 min 
~o min 
o min 

50 min 
60 min 

30.2 
3.3~9 
39i3 
42.9 
46.8 
49.0 

15lit0 
169.5 
196.5 
214.5 
234.5
245.0 

1.01 
1.17 
1.32 
1.45 
1.55 
1.65 

45~9 
53.2
6o.o 
65.9 
70.$ 
75.0 

(Redueed load to 2275 lb. Specimen now under test load.) 

o.o o.o o.o o.o o.o 
24·3 -o.1 -5. 0 
5.3.6 1.5 7.5
68,7 2.1 10..5 o.oe ).63
8-8~. 8 3.2 16.0 

121.1 3·5 17.5 
143.0 4.7 23.5 0.18 8.18 
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TABLE 4• (cont.) 

OBSERVATIONS 

ELAPSED STRAIN UNIT SCArE OVERALL 
TIME GAGE :b:LONGATION READING ELONGA'riON 
hours 0.001 in. rnic:ro 1nohes thousands in. 

1nehes/1n. 

164.9 
190.9 
218.0 
2~le'5 
2 5~3 
318.9
.358.8 
380.9 
1~0).9 
452.5 
482.3 
499~5 
530.2 
~47.5 
.574-4 
599.8 
64-3 ·4 
670.3 
719.1 
A32.6 
09.5 

86o.o 
938.3 

1009.2 
107l.1 
114 ·-' 
1202.0 
1249.2 
131~.0 
139 ·.3 
1483.8 
155,.1
160 - .l 

5.h
6.5 
6.6 
7~6 
8.1 
8~6 
9.6 

10.0 
10.1 
10.8 
11.1 
11.4 
12.0 
12~1 
12.1 
12.b. 
12.8 
13.8 
14.2
14.4 
15~1 
15~5 
16.2 
16.5 
17.0 
17•.5 
17.7 
17.9 
19.8 
18.8 
19.6 
19.9 
20.4 

27~0 
,32.5 
33.0 
38.0 
40.5 
43.0 
4.8.0 
so.o 
50.5
54.0 
55.5 
57.0
6o.o 
60.5 
60.5 
62.0 
64.~0 
69~0 
71.0 
72~0 
15.5 
~1·51.0 
82.5 
85.0 
87~5 
88~5 
89.5 
99.0 
9~.0
9 .o 
99~5 

102.0 

0.28 

0.32 

0.38 

0.42 

0.46 

0.48 

0.48 

o.54 
0.58 

o.62 

o.63 

0.65 

12.72 

14.53 

17.25 

19.08 

20.9 

21.8 

21.8 

24.5 
26 •.35 

28.15 

28.6 

29.5 



122 

TABLE 4, (cont.) 

OBSIRVATIONS 

ELAPSED STRAIN UNIT SCALE OVERALL 
TDrfE GAGE ELOl~GATION READING ELONGA'l' ION 
hours READING micro - inches thousands in. 

0.001 in. inches(in. 

1681.5 
1A49.a 
1 25.7 
1898~1 

\ 1991, 10 
2081.7 
2165.1 
2178.1, 
2229.8 
2320~9 

2~l'·ao.s 
2656.8 
2710 • .3 
275~.2 
277 . •2 
2850.2 
2922.2 
3018.2 
3090.2 
3186.2 
3882.2 
335i.2352 .? 
3522.2 
3594.2 
3690.2 
3762.2 
3834.2 
3906.2 
4012.~ 
4084.2 

20.1 
20.8 
20.8 
21.6 
21~4 
22.2 
22.2 
22.8 
23.6 
23.8 
24.1 
24.1 
24·6
24.9 
25.0 

25.8 
26.0 
26.0 
26.0 
26.1 
27.0 
27.1 
27.0 
2~.6
2 .6 
28.6 
28.6 
c:."'C .v, 
28.7 
28 . 8 
28.9 

100~5 
104.0 
10~~0 
10 , .o 
107•0 
114.0 
111~0 

11~.o
11 .• o 
119~0 
120.5 
120.5 
123 
124.5 
125.0 

129.0 
130~0 
120.0 
130.0 
135.o 
135.0 
135.5 
135.0 
1Ga.o 
1 3.0 
143.0 
143.0 
14~·-'• 0 
1'· "' "'•+..:>• :> 
149.0 
149.5 

o.69 

o.69 

0.69 

0.79 
0.79 
0.79 
0.79 
0.82
o.Bto.B 
0.88 

0.89 

0.92 

0.93 

0.94 

30.4 

31.4 

31.4 

35.9
35.,
35.9 
35.9 
37.3 
38.2,9.0
o.o 

40.$ 

41.8 

42.:. 
42.1 
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TABLE J4w. (oo.nt •) 

OBSBRVATIOliS 

ELAPSED STRAIN UNIT SCALE OVERALL 
TOO! GAGE ELONGATION READING ELONGATION 
hours READING micro• inohes thousands in. 

· o.ool in. 1nohos/1n. 

4258.2 
4352.5
4425.2 
4541•2
4635.2 
4~33.24 0).2 

29.1 
29.3 
29.7 
29.9
Jo.o 
31.5 
3l..9 

155.5 
1~.6.5 
148.5
149.5 
150.0 
157.5 
159.5 

0.94 

0.96 

1.04 

42.7 

42.6 

47.3 
Test ooneluded January 18, 1958 
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TABIB 5, CREEP TEST DATA 

Subject Cree.p Test: Aluminum Allo:v; Conduc.tor Cable 

By: :± • . Gerard Date: J.anuary 26, 1958 

Column Number: 1 tot Number:__.,.2...________ 

Series Number: 1t Lever Multiplication:, 20,8 . to ,l 

Gage Length: 200 in, Over-all Length: 23 :rt 10 in, 

P:reload:__z~ of qltimate tensile §trensth (lt550 lb) 1 hr 
- ) . . ; " . ' 

Test Load: 2~ of uJ.tHP:at$ tmns1le ptrensth, (22JS lb) 

OBSERVATIONJ 

ELAPSED STRAIN UNIT OVERALL OVERALL 
TIME GAGE ELONGATION ELONGATION UNIT 
hours READING 

0,001 in. 
micro

1nohes/1n. 
thousands in, ELONGATION 

mtc~o• 
inches/in. 

0 min o.o o.o 
10 min 19.7 98.5 
20 min 22.3 111.5 
30 min 2J.t..2 121.0 
40 min 27.4 137.0
50 min 29.0 145.0 
60 min 30.7 158.5 

(Reduced load to 2275 lb, 

0 o.o o.o 
1 -2.2 -11.0 
2 -2.7 -13.5 
3 -2.1 -13.5 

-2.9 -14.5~ -2.9 -14.5 
6 -2.9 -14.5 

(P·reload) 

o.o o.o 
31.2 109 
34.4 l2Q, 
39.0 136 
45.7 160
.5o.o 1A6
53-4 l 7 

Speeimen now under test load.) 

o.o o.o 
-4-33 -15 
-4.33 -15
•4.33 -15 
-4.33 -15 
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TABLE 5. (cont • ) 

OBSERVATIONS 

ELAFSED STRAIN UNIT OVERALL OVERALL 
TIME 
hours 

GAGE 
READING . 

ELONGATION 
m1e'l?O• 

ELONGATION UNIT 
thousands 1n. ELONGA'PIOlf 

0.001 in. inches/in.• Micro- · 
1n,chea/1n. 

A 
9 

10 
11 
22 
46 
70 
94 

118 
190 
286 
357 
45.4 
526 
694 
790 
862 
933 

1030 
1126 
1198 
1388 
1460 
1606 
1702 
1774 
1870 
1942 
2038 

18.7 

24.0 
28.3 

.33.2 

34.6 

35.1 
,;8.5 

.39.4 

42.3 

42.3 

13 

32 

65 

84 

98 

116 

121 

123 
136 

138 

148 

148 

Test still in progress. (April 21, 1958) 
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TABLE 6, OREEP TEST DA.TA 

By: T, G~rard Date: ... Japuarz 26, 1<)58 

Colunm N'Ulnbert_,_3.....,... ., Lot N\Utlber:_2..,.·----~---. ·-·,..__ 

Series Numbex·=--4--.. ___,J:,ev~:r Multiplioation.t..-2...,.2.,..,...,0___ 

Gage Length: ?OQ in, Overall Length: 2j tt 1,0 in, 

Preload: 42% ot_ultimate ten~112 strenstb 1 pt (364q lb) 

Test Loadt, . ¢~ g.t ult±wate 
1
£enaile strength (267$ lb} . 

QBSERVATIONS 

ELA'PS:SD S~IN UNIT OVERALL OVERALL 
'l' IME GAGE ELONGATION EI.ONGATION UNIT 
h<:nU.4 S READING miero- thousands in, ELONGATION 

o.co1 in, 1nehes/1n, rnioro- · 
inches/in, 

0 mi:r.1 o.o J.o o.o o.o 
10 min 
20 n1in 

12.2 
16.7 

61.0 
83.5 

20.4 
28.2 

71 
99 

30 min 
40 min
50 min 
60 min 

20.1 
21.0 
22,3 
24·5 

100.5 
105.0
111.o 
122.5 

32.7 
35.8 
40.9
44.1 

115 
126 
144
155 

(Reduced load to 2275 lb. SpeQim&n ·now under test load.) 

o.o 
0·33 
1.3.3 
2 • .33 
,3.33 
4~33 
$.33 
6.33 

o.o 
-1.4 
-1.1 
-o.a
-o.6 

0 . 2 
0.4
o.4 

o,o
-7.0 
-5·5
-4.0 
-3.0 
1.0 
2.0 
2.0 

o.o 
-!t~8 
1~4.
0.5 
o.o 

o.o 
6 
5 
2 
0 
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TABLE 6. (cont.) 

OBSERVATIONS 

ELAPSED STRAIN UNIT OVERALL OVERALL 
TIME GAGE ELONGATION ELONGA'.riON UNIT 
hours READING micro- thousands in. ELONGATION 

0.001 in. 1nohes/1n. .micro• 
inches/in. 

6.33 0.4 2.0 
0.9~·33 ~·5.33 1.3 .5 

9.33 1.5 7.5 
10.33 1.9 9.5 
21.3 22.5~·5.1 15.6 55i5·3 ~0.5
9.3 11.0 .5.0 

9.3.3 12.5 62.5 22.7 80 
117.3 1~~8 74~0 
189.3 1 · .,3 91.5 
285.3 21.6 108.0 38.3 131 
356~.3 123 • .5~~7
4,53.3 2 ~6 1,:thO 45.0 158 
525~3 28.1 ~~·4-693~3 .31~2 l .o 50.9 179 
789.3 32.2 161.0 
861 .33.0 165.0 $6.3 198 
9.32 34~1 170.5 

1029 3S02 1b6.o 58.6 206 
1125 .36.1 10.5 
1197 )6.7 183.5 60.$ 213 
1387 38.1 190.) 6).6 !24 

.38.9 194.$ii591 05 ,9.8 199.0 64.5 227 
1701 0.4 202.0 

4,1.1 ·205.5 68.2 240iAI~ 41.9 2'09.9 
1941 42.5 212 • .5 69.5 245 
2037 4.3.1 215.5 

Test still 1n progress (April 21, 19$8) 
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TABIE 7. OREEP TEST DATA 

Subject Creep Tests Allum1num Alloy Oonductot Osble 

Byt T, Gerard Date :_....,.J..,.e.....:n_,u....,a...rxllloooooo02..,.6.,.,.....,..19""'5.8..,c____ 

Column Number:_..4.___.-;Lot Number: _ _...2..,. _.....,_____ 

Series N'umber:_....!t.___.-Lever Multiplioat1on:_.g?;;;;o;;;.;'•O--

Gage Length: 
1 
ggo in, , .. Overall Length: 23 ft 2 j/4 1n, 

Preload: 30:f Pt U].t1mate tensile strt.msth (2730 lb} 1 hr 

Test Load: 25% o.t ultimate tensile s1(re;np:th (221$, lb) 

OBSERVATIONS 

ELAPSED STRAIN UNIT OVERALL OVERALL 
TIME GAGE ELONGATION ELONGATION UNIT 
Hours READ!NG 

0,001 in. 
mioro

1nches/1n, 
thousands in, E!,ONGATION 

micro- · 
inches/in, 

0 min o.o 0~0 o.o o.o 
10 min 10.0 .50~0 13.;6 t820 min 11.1 .55.5 18.2 

11.9 59.5 22.3'00 minm.in 25.4 ~~ 1i~a ~4.650 min 1 .l 0.5 27.7 97 
60 min 17.1 85.5 29.5 103 

(Reduced load to 2275 lb. Spec~en now under test load,) 

o.o o •.o o.o o.o o.o 
1~1 0.4 2.0 0,5 ' 2 . 
2.1 1.3 6,5 1.8 6 
3.1 1.5 1.5 ).2 11 
4.1 2.6 13.0 ,3.2
5.1 2..7 13.5 
6,1 3.3 16.5 
7~1 ),6 18.0 
8,1 4.4 22,0 
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TABLE 7·f; {oont •) 

OBSERVATIONS 

ELAPSED STRAIN UNIT OVERALL OVERALL 
TIME GA(JE ELOlfGA'l'ION ELONGATION UliiT 
hours READING . mic-ro~ thousands in. ELONGATION 

0.001 in. 1nehes/1n, m1ore• 
inches/in, 

8,1 4.4 22.0 
. 9.1 4.5 22.5 
10.1 24.5~·922,1 .6 ~)~0
46~1 13~3 6.5 21.6 76 
70.1 17.2 86~0 

19.4 97.0 )0 •.5 1059i·l11 .l 2l.i 109.0 
190.1 29. 1~8.0
286. 1 1 7.5 1673f~.5 47·7
3.57.1 3 ·1 18,3.5 
45~.1 ,3~.,3 196.6 .57.8 202 
52 .1 40•8 ~~-0694•1 443 22 •.5 13.6 225
790, 45:6 aJ8.o 
862 96.5 70.0~2.5 245 
93.3 48.1 . o.5 

1030 49.1 29.5 .~5 71.8 251 
1126 50.3 251.5 
1198 .50•7 25,3.5 73•6 258 
1388 51.9 259•5 77.3 270 
1i6o 52.5 262•5 
1 06 54~3 27l.5 78.-6 275 
1702 55~0 275•0 
1774 55.9 2~9·.5 82.6 .289 
1870 2 7·5~·51942 5 .o 290•0 83.6 293 
2038 58.,3 241.5 

Test still in progress (April 21, 1958) 



130 

TABLE 8• CREEP TEST DATA 

Su'b j eot Creep Test: AJ.ws+num Allo:t: Co.nd1;Wtor Gable 

By: T. Gerard Date: Januar;y; 12, 1928 

Column Number=....,...2.._..._.__._Ilot Number:__,;;;;j2_______ 

Series Number: .. 4_ . _Lover MUlt1plioat1on: 20 , 6 · . 
' c . 

Gage Length, 200 &n, . Overall Length: . 23 :rt. 113(8 in, 

, . 

Test toad : _g$~ pf y1ttmate -tens1le strenste 

OBSBRVATIONS 

ELAPSED 
TIME 
hours 

STRAIN 
GAGE 

READING 
0.001 in. 

UNIT 
ELONaA1'ION 

m.icro
inches/in. 

OVERALL 
ELONGATION 
thousands in. 

OVF.RALL 
UNIT 

ELONGATION 
micro

inches/in. 

0 
1 
2 
3 
4 
5 
6 

A 
9 

10 
11 
12 
20 .5. 
30
52 
72 
9.5 

192 

o.o 
8.7 

11.7 
l~~ o 
1 .5 
16. 9 
18. 5 
19. 4 
20 . 2 
20 . 9 
22.3 
22 ~1 
23 . 5 
29.3 
32.6 
~7 · 3
1 ~ 1 

43.6 
.51 . 6 

0 ~ 0 

43.5
58 .5 
70. 0 
77 .·5 
8lJ. .5 
92•.5 
97~0 

101 . 0 
. 104,. 0 

111 .5 
11.3 .5 
1lz ~sllt .5
1 l-.5 
186.5
205 .5 
218 ~ 0 
258 . 0 

o.o 
17.9 
23 ~ 3 
2.7 . 2 
29. 6 
,32 ..0 

87 . 8 

62 
81 
95 

103 
111 

305 
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TABL'E 8. (cont.) 

OBSERVATIONS 

ELAPSED STRAIN UNIT OVERALL OVERALL 
TIME GAGE ELONGAfiON ELONGA'l.'ION EL UNIT 
ho~s READING . micro• thousands 1n. ELONGATION

o.oo1 in. inches/in. micro-
1nche·s/1n. 

288 96~5 282.5 95.3 334 
360 60.3 301~.5 
456 6g~6 318.0 
528 331~.56 ·~624 67~ 339.0 115.5 402 
69$ 70~8 .354~0 

792 71.5 357.5 125 435 
864 72~1 360~5 

10.32 74.6 373.0 127 442 
1128 75.6 378.0 
1200 76.0 380.0 132 460 
12ll 11~3 386.5 
13 8 78.1 390.5 13.3 462 

79.3 .396 •.5146i153 79~7 398.~ 136 4~21726 80.6 403t0 . 138 4 0 
1798 8l•t 407~0 
1944 82. UJ.O 1~1 490 
2040 83.3 41bt5 · 
2112 42-2.0 145 5058~~4
2208 8 •5 427.5 
2280 86.2 431~0 146 508 
2376 86.4 4.32.0 

Test still in progre.ss.(Apr11 21, 1958} 
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TABLE 9, CREEP T.ES'I' DA'l'A 

Su;bjeet Creep 'rest:.. ~lum1aum Allt: O.ondJlctp:r, P!!;!J.s, 

Byl '1', Ger!rl'd Date·:. ?ebruar:y 2, 19$8 

Column Number:_$"'-__.......Lot Number:__l.________ 

Series Number; 4 s Lever Multi.plicat1oni 2g,o 6, 

Gage Length: 200 . 1n, O'Verall Length: ?4ft lO 1/8 :tn, 

Pr~load: J~ ot ult!Qate jieng1,~e str~n&th (2130 J;p), l hr 

~es_~ ~oad: 2$% of ultima.t.e taps1.le strength C?275 1b) 

OBSERVATIONS 

ELAPB'EV 
TIME 
hottrs 

Sll'RAIN UNIT 
GAGE ELONGATION 

READING micro• 
O~f'IOl in. 1nchas/1n. 

OVERALL OVERALL 
ELONGATION UNIT 

thousands 1n, ELOWGATION 
micro• 

inches/in, 

0 min 0,0 0~0 
10 inin 
20 min 

).9
5.2 lz~s 

~ a - ~o 
30 m1n 6.1 I ; .3·0.5 
40 mln 
~c m!n 
60 miu 

6~5 
7~1 
7.6 

)2~5
35.5 
3.8.-0 

(Reduced load to 2275 lb. 

o.o o.o o.o 
1 o.a 4.0 
2 1~4 A~o1.7 ~5 ~ 2~2 11~0 

2~6 l~.o~ 2•9 1 .5 
3•3 16.5A ).6 18.0 

o.o
a.7 

10.9 
13.6 
15.0 
16 ~ 

· ~17.7 

Spec~en now 

o.o 
0.9 
4•8 
2~3 
2.7· 
3.6 

0$0 
29 

~l
50 
55
59 

under test load.) 

o.o 
g 
8 
9 

12 

http:taps1.le


13.3 

TABLE 9. (oont.} 

.... 
OBSBRVATIONS 

ELAPSED ~TRAIN U'NIT OVERALL OVERALL 
TD1E GAGE ELONGA'l'IGN ELONGATION UNIT 
hours READ:mG micro• thousands in. ELONGATION

o.ool 1n. inches/in. micro
inches/in• 

.......,__ 

9 ,).8 19.0 
10 20;5i·l22 ~2 31.0 
45 8.8 11.4. 38 
70 11.1 ~:~ 

12~5. 62;5lii 12.9 20.0 676a~5
189 15.6 ~ .o286 9~5 891A.9 26.4 
358 1 .9 94.5 
426 21.4 107~0 31.4 103 
522 22.5 112~$ 
594 22.8 li%~0 36.4 1.21 
665 23.6 11 .o
A62 24.6 12g.o 37.7 126
58 25~.3 12 ~5 

930 25.6 129.0 40.0 1.34 
1120 26.8 1.34.0 42.2 
1192 zA.1 135.5 

142 

1338 2. .o 140.0 43.1 145
28.2 141.014.3i

150 28.8 1~.o 44.5 149 
1bo2 29~3 14 · .5 
1674 29.8 149.0 4.6.5 1.56 
1770 30.0 150.0 

Test still in progr-ess. (April 21.- 19.58} 

http:21.-19.58
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TABLE 10. CREEP TEST DATA 

Subject Cr~ep Test: Alwninum Alloz Conductor Cable . Sb 

By:D, Koupal & '1'. Gerard Date: December 1, 19$6 

column Number:__5..______..Lot Number :_,...;;:2..._______ 

Series Number:_3"'---~Lever Multiplication: 22,,0 to 1 

Gage Length: goo in, . Overall Length: Z4 ft aparox · . 

Preload: 72$ of Ultimate tensile strength (6822 1b) 3000 br 
l 

Test Load: , 2$% or U1ttntate tensile strength {2275 lb) . 

OBSERVATIONS 

ELAPSED STRAIN UNIT SCALE OVERALL 
TIME GAGE ELONGATION READING ELONGATION 
hours READING 

0.001 in, 
micro

inches/in, 
inohes thousands in, 

(Preload) 

o.o o.o o.o o.oo o.oo 
1.0 
2.0 

~·0.o 
5.0 
6,0 

2.0 
2.6 
3.1 
3.3 
,3.8 
4.1 

10.0 
13.0 
15.5 
16.5 
19.0 
20.5 

0.05 
0.09 
0.12 
0.1)
0.14 
0.15 

2.27 
4..09 
5.45 
5.90 
6,)6
6.81 

7.0 
8.0 
9.0 

10.0 
11.0 
12.0 

4.2 
4·5
4·7 
4.9
5.0 
5.0 

21.0 
22.0 
23.5 
24.5 
25.0 
25.0 

0.16 
0.16 
0,16 
0.16 
0.16 
0.19 

7.27 
7.27 
7-27 
7··27 
7~27 
8.6.3 

13.0 
J.4.0
15.0 
16,0 

5·4 
5.6 
5.7 
5.8 

27.0 
28.0 
28.5 
29.0 

0.19 
0.19 
0.9 
0.20 

8.63 
8.6.3 
8.63 
9.09 

17.0 5.8 29.0 0.20 9.09 
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TABLE 10. (cont.) 

OBSERVATIONS 

ELAPSED STRAIN UNIT SCALE OVERALL 
TIME. GAGE ELONGATION READING ELONGATION 
hours READING micro INCHES thousand$ in. 

0.001 in. inches/in. 

18.0 
19.0 
20.0 
21.0 
22.0to2 ~0 

-
~ J .o 

ta.o o.•o 
r~..o 
9i·o.o 

108.0 
120:3 
132.0 
1W6.o
15 .o 
168.0 
181.3 
192·5 
217.5 
~o.o 
2 ~·0
28 .o 
312'.3 
336.0 
36o.o 
le~.o0 ~0 
429.5 

5.9 
6.0 
6.1 
6.2 
6.3 
6.7 
6.9 
8.3 
8.3 
8.9 
8.9 
9.1 
9.1 
9.7 
9.7 
9.8 
9.9 

10.0 
10.0 
10.i10" • . 
10'.9 
11.0 
11~3 
11.7 
11.7 
11.9 
12.0 
12.1 
12.1 
12.2 

29.5 
30.0 
30.5 
31.0 
31~5 
33.5 
34-5 
41.5 
41.5
44.5
44.5
45.5 
45.5 
48.5 
48 ' •5 
49.0 
49•5 so·.o 
50~0 
52.0 
53'.0
54.5
55.0 
56.5
58.5
58.• 5 
59'.5 
6o.o 
60.5 
~o.5
1,.0 

0.20 
0~20 
0.21 
0~23 
0.23 
0~23 
0~23 
0~27 
0.29 
0.31 
0.31 
0.31 
0.31 
0.)2
o • .s5
o.s5 
0.35 
0.38 
0.39 
0.:39 
0 • .39 
0.39 
0.43 
0.44 
0.45 
0.47
0.42 
0.43o.ftle
0.4 
0.44 

9.00 
9.09 
9~54 

10~4.5 
10~45 
10~45 
10.45 
12.45 
13.13 
J.4.09 
14.09 
14.09 
14.09 
14-54 
15.90 
15.90 
15.90 
17'•2.7 
17-.72 
17•72 
1A·.12 
1 .72
19.54 
20.00 
2·0·.45 
21.36 
19.09 
19'.54 
20.00 
21.81 
20 • .00 
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TABLE 10. {a.ont.) 

· OBSERVATIONS 

ELAPSED STRAIN UNIT SCALE OVERALL 
TIME GAGE ELOt~GATION READING ELONGATION 
hours READING 

6.001 1n, 
mioro

lnehes/tn.. 
inches thousands in, 

12.2 61 .0 20.00i53 ~5 o.tti . 62.0 12.4 61~0 0.4 21.81 
477~ 5 12.4 62.0 0.45 20~45 
499.~ 12~4 62.0 0.43 19.44 
526:.-.~ 12.~ 67 •. 0 0.45 20~ 0 
.5.50~0 12. 64•0 0.46 20.95 
57q.• O 12.8 64.0 0.47 21.40
602.5 12.9 64.5
o23.5 12.0 65.o 0.48 21.80 
645.5 13.0 65,.0 0.48 21.,80 
677"5 13.0 65,0 0.48 21.80 
693.5 1.)"0 6$,0
717 ..5 13,2 66,0 6.48 21.80 
7651!5 13,-~ 66.0 0..48 21.80
Aa9 .•5 66.5 o.48 21.80ll·~ · 14.0 13. 6z.o 0.48 21.80 
s~o.o 13.3 6 '5 e 1.5 13•3 6Q.s
91 . • o .1.3•.3 66.5 0.49 22.25 
936~0 13.5 67.5 
960.5 13•5 67.5 

. 98~ •. 0 13.4 67.0 
100 .• o 13.5 67.5 0.49 22,25
1032.0 13.4 67,0
1055.5 l).i 67.0 
1079.0 13. 68,0 
11oi.o 13.7 68 5 
112 .5 13.7 68,5
1151.5 13.7 68,5
1175.5 13~7 68,5 o.5a 23.-60 
1200~0 13.8 69.0 
1223.5 1.3.9 69 • .5 
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TABLE 10. (cont.) 

OBSERVATIONS 

ELAPSED STRAIN UNIT SCALE OVERALL 
TIME GAGE ELONGATION READING ELONGA.TIOl~ 
hours READING mioro- inohes thousands in. 

0.001 in. 1nohes/1n. 

1248.0 
1271.5 
1296.0 
1319.5 
13~3·5
13 8.0 
1~91.5 . 
l 17.5 
lhh.o.o 
146~.0
148 00 
1513.5 
1536.0 
15~9-5
15 5.5 
1608.0 
1632.0 
1656.0 
168o.o 
1708.0 
1726.5 
1757.0 
1~76.0
1 oo.o 
1824•0 
1847-5
1872.0 
1899.0 
1923~5 
19~6~5
19 8.0 
1995.5 
2016.5 

13.9 
14.0 
J.4.0
14.0 
J.4.1 
J..4.1 
13.9 
14.0 
1).9 
13~9 
13.9 
14·3 
14~0 
14.1 
J.4.l 
14~3 
J.4.l 
14.)
14.2 
14-A14. 
14.5
J.4.A
14·J.4.8 
14.8 
J.4.8 
14·1
14.8 
11.~.8 
14.8
14.8
14.9 

69.5 
70.0 
70.0 
70.0 
70.5
Io•59.5 
~·0

~5 
69.5 
69.5 
71.5 
70.010.5 
10.5 
71·5 
10.5 
71.5 
71.0
1G.s
7 ~0 
72~$ 
13~5 
74.0 
74.0 
74.0 
74.0 
13.5 
74.0 
74.0 
74•0 
74.0 
74.5 

0.55 25.00 

0.54 24.55 

0.54 2Q..55 

0.54 24-55 
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TABIE 10. (cont.) 

OBSERVATIONS 

ELAPSED .STRAIN UlUT SCALE OW!RALl, 
TIME GAGE ELONGATION READING ELONGATION 
hours RJt;ADING micro• inches thous~nda 1rt. 

0,001 in. inches/in. 

20t0.5 
20 8.5 
2092.0 
2112.0 
21~0.5 
~1 o.o 
2187.0 
2?08~0 
22:J2'" 5 
2260~0 
2280.0 
230~~0 
232 .o 
235e.o 
2376.0 
2400.0 
2424.. 0 
245<>.0 
2471.•0 
2499,.,0 
2519.0 
2566.0 
2589.5 
2613.5 
2637~5 
2661~5 
2713~5 
2733.5 
2.757.5 
2.A83,o
2 10.5 
2830.5 

14.9 
14.~ 
14.9 
15.0 
14,9 
14.9 
14--9 
1L!.• 8 
llt..9 
14.tt9 
14~9 
15.0 
15~0 
15.1 
15.0 
15.0 
15~1 
15.0 
1.5.. 0 
15.1 
15.1 
15~1 
15.1 
1.5.1 
15~1 
15.1 
15.1 
15.3
15.2
14.9
15.5 
15.4 

7~.5 
74-5
74.5
75.0 
74.5
74.5
74.5 
74~0 
74.5
74.5 
74~5 
75.0 
75.0 
75.5 
75.0 
15.0 
75.0 
75.0 
75.0 
75.5 
15·5
75'.5 
75.5 
7~.57 .5 
15~5 
15~5
76.5 
76.0 
14·5
17.5 
77.0 

0.53 

o.55 

0.55 

0.57 

0.55 

24.08 

25.00 

25.00 

25.90 

25.00 
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TABLE 10, (cont.) 

OBSERVATIONS 

ELAPSED ST?.AIN mriT SCALE ov-~LL
Tnm GAGE EJ..ONGATION READING ELONGATION 
hours READilHl- m:1cro- inches thousands in, 

0.001 in. 1nohes/1n, 

28,56,0 
2880\00 
2902.5 
2927.5 
2905~8 
2978~0 
3002~0 
302ft,O
)Oq. ,0 
3074.0 
.3095.5 
3l.23.0 
3146,0
.3171.0 
3193.0 
326.3,5 
3291,5
.3314,0 
3~39.0
3 10,0
.3431.5 
3458.5
348o.o 
3512,0 
35.30,0 
355~.535'7 .• 5
3626.o 
J65o.o 
J675.o 
Y/06.o
3718.5 

15~.5 
15.6 
15,7
15.7 
15~A 
15~ 
15.9 
1~.5
1 .9 
15~4 
1.5,0
1.5.4 
15.4 
15.7
15;4
15.4 
15.4 
15.3 
15.4
15.4
15.7 
15.7 
15.4
15,7 
15,i15, . 
15,5
15.7 
15,8
15•8 
.15.8 
15,8 

1A.5
7 .o 
78.5 
78.5 
78.5 
79.0 
79o5 
71.5
74.5 
77.0 
15.0 
77,0 
7~,0
7 ~.5
77 .. 0 
77,0
11,0
1o,5 
77~0 
7A,o
7 .5 
78.5 
7~,0
7 .5 
77,0
78.o 
17.5 
78.5 
79.·0 
79.0 
79.0 
79.0 

0.58 26.40 

0.60 27.22 

0,59 26.30 

o,6o 27.22 

o.61 2T;?o 



TABLE 10. (cont.) 

OBSERVATIONS 

ELA.PSED STRAIN UNIT SCALt!! OVERA.Lt. 
TIME: GAGE ELONGATION READING ELONGATION 
hours READING

o.oo1 in. 
m1c.ro

1noh&s/1n. 
inches thousands in. 

37-'t-2.~ 
3772.0 
3795.0 
.3819.0 
.3843.0 
,3866.0 
3888.0 
39l4.0 
393<:?.5 
'983.5 
006~5 

4056~0 
4087.5 
410.3~5 
415).0
4179.0 
4253. 
4273 
4297
4325
4)50 
~-401 
4420 
hll92. '"' 4582 
4659
4105 
4b81
4 27 
4871 
4942 

15.9 
15.9 
15.9 
15.8 
15.8 
15.8 
lS.9 
15.9 
15.9 
15.8 
15.9 
15.4 
15.9 
15.9 
15.9 
15~9 
15~8 
15.8 
15.6 
15.7 
15.7 
16.1 
16.1 
16.0 
16.0 
16.1 
16.2 
16~1 
16.1 
16.2 
16.2 

79.5 
79.5 
1'9.5 
79.0 
79.0 
79.0 
79.5 
..,9.5 
79.5 
79,0
79.5 
T/.0
79.5 
79.5 
79.5 
79.5 
79.0 
79.0 
78.0 
78.5 
78.,5
80.5 
80.5 
ao.o 
oo.o 
80.5 
81.0
ao.5 
Bb.5 
81.0 
81.0 

0.59 26.80 

0.58 26.4 

0.58 26.4 

0.58 26.4 
0.58 26.4 



TABLE 10. (cont.) 

OBSERVATIONS 

ELAPSED STRAIN Ulii1.t' SOALE OVFJUtLL 
TIME GAGE ELONGATION READDJO· E£0N'GATION 
hour READING micro inoho:: 'l'houeands in, 

0.001 in. inches/in. 

~991086 
5170 
5,015 01 
5415
5gJ.1
5307 
5786.5 
583.5.3 
5925.5 
60$4.5 
6189.0 
6262.% 
6509. 
6669.3 
6866~0 
7107~2 
729~'~3
734 .1 
7499.i
7596. 
7893.6 
7965~'; 
8037-~-
813) .9 
8205~9 
8301~8 
83fJ?.? 
8469.8 
8542.0 
8637.4 

16.a 
16.1 
16.2 
16~2 
16.2 
16.2 
16.3 
15.,9 
16.0 
16.~. 
16-. 2 
16.2 
16.4 

i~:i 
16.4 
16.2 
16.4 
16.i
16. 
18.0 
18.0 

17-5
17.5 
17.8 
17.8 
17.8 
17.8 
17.7 
17.6 
18.1 

81.0 
8o.5 
81.0 
81.0 
81.0 
81.0 
81.5 
79. 5 
8o.o 
82.0 
81.0 
81.0 
82.0 
82.' 
83.0 
82.0 
81.0 
82.0 
82.5 
84.0 
90 .0 
90.0 

87.5 
87.5 
89.0 
89~0 
89 . 0 
39.0 
88.)
88.0 
90.5 

0.51 
0.58 
0.58 
0.54 

o.6B 
0.66 
0.66 
0.61 
o.zo o. 9 
0 .67 
o.67 

0.70 

25.9 
26.lllf. 

24.64 

30.9 
30.0 
30.0
21.A
31. 
31 .4 
30 .1~ 
)0.4 

31.8 
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TABLE 10. (cont.) 

OBSt!RVATIONS 

lUAPSED STRAIN , tTNIT SCALES OVERALL 
TIME GAGE ELONGATION R.EMJING ELONG~TION 
ho·Ul~l3 READING eicro- inches thousands in. 

o. ool in. 1nohes/!n. 

8708.0 18.1 90.5 
8304.6 18.1 90 .5 0 . 70 31.8 
8876 .8 18.1 90 .5 
8948 .7 1&.1 90 .5 0.69 31.4 
9020.6 lS.l 90.5 
9112.6 18 .1 90 .5 0.69 31.4 
9188.6 18.1 90 .5 
9363 .6 18.2 91 .0 o.69 31.4 
9t57 .6 18.1 9C.5{) "a~;;.s 18.3 91 .5 
9739.3 18.3 91.5 0.68 30.9 
9828.6 19.0 9S.o 
9960.6 18.8 94.0 

lOOll 18.8 94.0 0.71 32.3 
101.2 20 .9 104.5 
10222 20 .9 104.5 

Test Concluded January 31, 1958 
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TABLE 11 . CREE£1 TEST DATA 

Subject Creep Test: Alumipum Al!ox .-qQadugtpr WirE! 1 

By:. I T, Ger~d , nate: . Janum 12 , 1228 
Column Number: . 6 Lot Number:.......,....l::;;...._ _ ...,.___ 

Series Number: ? Le~er Multiplication: . ~one 

Gage Lengths 200 in. Overall Lengthr eLk ft .2 An• 
Preload: Nonf) . , I .. 1 • 1• 

Test Load:_ _ - ~ ~~ · --~- --- -- --- -·---- ----- - - · ,- _ _ . . ~- . .. . 

OBSERVATIONS 

ELAPSED STRAIN UNI~ OVERALL OVERALL 
TIME GAGE ELONGATION ELONGATION UNIT 
hours READING micro• . thousands 1n. ELONGATION 

0 •. 001 1n. inches/in., m1cro
1noh~s/1n. 

o. o 
0. 83 
1 . 8.3 
2. 83 
) . 83 
4· 83
5.83 
6.85 
7.8,3 
8.83 
9. 83 
10~83 
11 •. 83 
20 . ) 
30 . 3 
52 
72 
9.5 

o. o 
1. 7 
2;9 
:; . 8 
4 ~ 7
5. 5 
6 ~ .3 
7. 1 

l:t 
8.5 
8.7 
9~1 

ll.8 
12.8 
1.5.4 
16 . 9 
1B . z 

o. o 
8 • .5 

14·5 
19 . 0 
23 . 5 
27 . 5 
31. 5 
35.5 
.37 . 0 
40 . 5 
42. 5 
43 ~5
45. 5 
59.0 
64.0 
77 . 0 
84•5 
91 . 0 



144 

TA.BIE ll {eont.) 

OB;:&ERVA'.I'IONS 

ELAPSED STRAIN UNl'l' OVERALL OVERALL 
'l'IlJJE GAGE ELONGAtiON ELONGATION WIT 
hours READ·ING m.1o:r:-o·• thousands tn. ELONGATION 

0,001 in. inches/in, m1ero
~noh s/1n. 

192 
288 
,360 
li-56 
528 
624 
695 
791 
863 

1031 
1127 
1199 
1270 
1367 
146.3 
1555
1725 
1797 

Test ended due to failure o.f apparatus March 28,1958 
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TABLE 12. OR'B!EP '1$'!ST DA TA 

Subjact Craep Tast: All.llnhrun Allo;;z Cond11,<:.J~p,-x;. Wtr,o 

By: .'1 • Gerard Date : Oe,tobe ;r 5. 1957 

Oolum.n Number: 6 Lot Numb e r: 2 
----~---------------

Seriefl Numbor~_, J . , No.. e~--Lgv~r 'Mult1pl.ioat ion:. ,........,..,a.,

Gage Length~ 200 i n . Ovel1 &ll Length: 2J tt. .3h, in. 

Preload: Npn e ... , , 

Test Loads__________________ w-------------------------------

OBGERVATIONS 

ELAPSID STR~IN U1~IT SOJUBS OVERALL 
TIME GAGE ELQUGA'!'ION BEADING ET;Ol\TGATION 
i.I.O'U.rS REAUING 

o. oo1 in. 
miC:ro-

inches/ i n. 
il'l.ches thousands 1n . 

o. o o.. o o. o 
1 . 3 6.5 32 •.5 
2 . 1 7 ~ 9 32 ~ 5 
.3 . 1 9 . 8 46. 0 

10. 2 14 . 9 7~.• 5 
19 . 5 19 . 0 95 . 0 
33 . 2 22 . 7 113 . 5 
L1.2 . 1 24. 0 120 . 0 

25 . 1 128 . 0 i3·0 7. 0 27 . 7 1,38 . 5 
104• .3 )2 . 2 161 . 0 
201 . 0 37 . 9 189 . 5 
239 . 0 38 ~ 2 191 . 0 
282 . 0 39 . 1 195. 5 
317 . 5 42. 7 21.3 •.5 

, ~iJ l.O 42 . 9 214. 5 
474~9 44. 1 220 . 5 
570. 9 47 . 1 235~5 
642.9 4"7• 7 2)3 . 5 
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TABLE 12. (cont.) 

OBSERVATIONS 

ELA1SED S'l'RAIN UNIT SOALE OVERALL 
TIME GAGE ELONGATION READING ELOlfGATION 
hours READING m1crQ• inches thousands in. 

0.001 in. inches/in. 

738.9 
810.9 
906.9 
1002~9 
1074.9 
114&.9 
1242.9 
1314.9 
1410.9 
1482.9 
1554.9 
1626.9 
1722.9 
17<J4..9 
1969.1 
206k.l 
21.36.1 
2251.6 
234S~o 

Test Concluded January 11, 1958 




