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INTRODUCTION

Preliminary

With the increased use of pre-stressed concrete structures, and with

greater refinement in its design, it is necessary to have a knowledge of

the effect of different time-dependent variables on the characteristics

of the structure. One of the important variables is the reduction of the

Initial pre-stress load. This reduction is generally considered to be

caused by three phenomenal Shrinkage of the concrete, creep of the con-

crete, and relaxation of the steel pre-stressing cable.

Creep can be defined as the time-dependent (anelastic) deformation

due to loading. Relaxation is then a special case of creep wherein the

sum of the elastic and anelastic deformations is constant.

Creep under constant load best describes the conditions in the con-

crete portion of a pre-stressed beam in many situations. However, the

loading conditions on the cable itself are not so easily determined; the

load and the total length of the wire are both functions of the time of

loading. In a testing program of this type there are two obvious choices

of loading that are easily employed in the laboratory, i,e,, constant load

or constant cable length. It has been shown that the latter choice is a

more accurate description of the cable conditions.

The approximately constant length of the cable is caused by the com-

bination of several actions. After the concrete beam has been cast and

the pre-stressing steel freed from restraint, there is elastic reduction

of the pre-stressing load. The elongation of the tension fibers in a

pre-stressed beam, caused by lateral loading, is usually very small and
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therefore the elongation of the pre-stresslng material is usuallj small.

Concrete shrinkage, conoi^te creep due to the pre-stressing load, and con-

crete creep due to lateral loading are of greater importance. The first

two of these actions would generally tend to decrease the length of the

pre-stressing steel but the third, would usually tend to lengthen the steel.

It can be seen that the actual length of the pre-stressing material will be

reduced through the various stages of the life of the concrete beam, but

this reduction would further decrease the anelastic deformation in the

steel. Therefore the actual anelastic deformation would always be less

than that found in relaxation tests. This conclusion is the Justification

for using the term relaxation in describing the action of the cables, and

also for using relaxation tests to correlate the loss of pre-stress load

to time-dependent characteristics of the steel.

In April of 1956, the Dnion Wire Rope Corporation of Kansas City,

Missouri provided the Applied Mechanics Department of Kansas State College

with 3/8 inch 1 by 7, No. TWIOOR, strand cable to be used in experimental

projects. This cable was used throughout this experiment. The primary

purpose of the work was to determine the effect of initial stress on the

subsequent relaxation. This thesis pz>esents the results to date, and a

general survey of the pi*oblem.

Purpose and Scope of Investigations

Present pre-stressed concrete design uses a working stress of approxi-

mately 55 to 65 percent of the ultimate strength of the wire, and many of

the relaxation tests of the steel have been made in this range of stress.

However, little investigation has been made of the upper stress levels.
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65 to 100 percent of the short-time ultimate strength.

The purpose of this investigation was to determine the relaxation

characteristics in these upper stress levels. The primarj objective was

to determine quantitatively the relaxation of the steel with no prior load-

ing, i.e., no loading other than that required to obtain the desired initial

stress. A secondary objective was to determine qualitatively the effect

of different loadings prior to the relaxation tests. By these methods

the feasibility of the more efficient use of pre-stressing materials (l>y

using higher initial stresses and subsequently fewer cables) could be

determined.

Review of Previous Work

The scientific study of creep phenomena probably dates from the work

of Phillips. In 1905, he published the results of tests on the elonga-

tions of India rubber, glass, and metal wires when subjected to a constant

load. The increase of length was related to the time of loading an

•i^^rical equation of logarithmic form. In 1910 and 1914, Andrade made

a more detailed investigation of the creep of metal wires. His work had

great importance, since it demonstrated that characteristic features

existed which were the same for all the pure metals he studied.

It was not until Chevenard, in 1919, and Dickenson, in 1922, published

the results of their investigations that engineers began to give serious

thought to creep, which had been considered to be characteristic of only

the softer metals and alloys. Dickenson's results showed conclusively

that if stress were sustained for a sufficiently long time, fracture

could occur at a stress very much lower than required to cause fracture
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In a ahort-tars tensile stress at the eeM teapereture, espeoUUy at

elevated toiperatures. As a result of these dlsooverles, and an increased

use of metals in structures operating at elevated traperatures, the study

of creep phenoaenon and the deteroination of the creep properties of Mtale

and alleys, over a vide range of temperature, have proceeded during the

past thirty years uith an increasing utilisation of scientific effort

(Sully (16) ).

Literature discussing metallic creep can be found in the publications

of thet American Institute of Mining and (fetallurgioal Engineers,

Haslett (4), American Society of Mechanical Engineers, Dtnont (2),

Nadai (11) and (12), American Society for Testing Materials, Marin (7),

and McVetty (3) and (9). This merely illustrates the volume of work that

has been done; many other sources are available.

However, most of the creep study has developed along two separate

paths. First, there has been the practical approach, that of determining

the characteristics of specific industrial alloys. This type of informa-

tion oompzlses by far the greater part of the literature. Secondly, there

has been the acadmoic, theoretical approach. Since the pure metals have

more easily measured and understood charMteristics, the acadoBic approach

has been devoted primarily to the study of these metals. The theoretical

approach is being used in an attegqrt to obtain the understanding of the

mechanism of creep, and of the influence of metallurgical factors ma creep

properties. This understanding has lagged behind the practical studies,

but the academic study is increasingly adding to the explanation of creep

behavior so that many facets of the subject can be esqplained. However,

there still remains the necessity of programs having the purpose of this



thesis) to determine quantitative creep knowledge in a relatively

unexplored area.

General Knowledge of Metallic Creep

Since relaxation is a specific form of creep, it would seem necessary

to first have a knowledge of the latter before the former could be under-

stood. Creep under constant tensile load has been the most studied aspect,

and indeed the knowledge gained from such tests can many times be extra-

polated to include other forms of creep. It has been shown by Andrade

(Sully (16) ) and others that, when creep occurs under constant load

there are, in general, after the initial loading, three stages.

During the first stage, called primary or transient creep, there is

rapid elongation of the material. This initial high-strain rate rapidly

decreases to approximately a constant rate. This stage of constant strain

rate has been termed secondary or quasi-viscous creep. When constant load

conditions ar>e present, there may occur, after sufficient time, a third

stage of increasing strain rate which leads to fracture. This phenomena

has been termed tertiary creep.

Creep is generally dependent upon three variables t Stress and stress

history, teDq>erature of the metal, and the material which is being tested.

Even under constant load conditions these three variables have pronounced

effect on the relative impoz*tance of the three stages of creep. Therefore

extrapolation to other load conditions, such as relaxation, is difficult.

However, it is known that for temperatures low in comparison with the metal'

melting point, temperature has little effect. Also, tertiary creep has

been explained (though not fully) as due to the increased stress caused
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by airea reduction.

Therefore a qualitative prediction of relaxation In steel can be made.

During the first stage there would be expected a rapid anelastio deforma-

tion \Alch would cause a stress decrease. This stress decrease in con-

junction with the expected decrease of anelastic strain rate usually found

during secondary creep would cause the transient relaxation rate to rapidly

decrease and reach a very low, constant value. It is seen that under these

conditions, the initiation of the tertiary stage of or«ep is unlikely.

Also, the temperature of this test is low in comparison with the melting

point of steel, so temperature variations would not be expected to have any

primary effects on the relaxation characteristics,

TESTING PBOCEDUHE AND DESCRIPTION OP EQUIPMENT

Test of Short-Term Properties

In order to determine the typical short-term charactezdstics of the

cable, the specimens were attached with commercial cable grips to a hydrau-

lic testing machine. Similarly, Templln grips were used to attach single-

strand specimens. A Templln automatic stress-strain i>ecorder was used to

measure these two quantities in both situations.

Long-Term Relaxation Tests

In order to determine the long-term relaxation characteristics of the

cable, twelve steel jpipes with approximately the same dimensions as stand-

ard 3-lnoh pipe were used as loading structures. The pipes were 19i feet

long after being squared on each end. The adjusting end of each pipe was

fitted with a steel plate having a concentric hole for the cable. On the



outside of the first plate is placed a heavier plate drilled and tapped

for six hexagonally placed 3A-inch bolts. Three of the holes are for

adjustment bolts which bear against the first plate, see Plate I. The

other three holes are used to connect the jacking apparatus, Plate II,

A commercial cable grip held the cable and butted against the second of

the first two plates.

Another plate was provided which was drilled for three 3A-inch bolts,

and concentrically drilled and tapped for the jack rod. Three bolts at-

tached this plate to the second plate on which the cable grip bears.

The opposite end of the pipe was fitted with a plate concentrically

drilled for the cable. A cable grip butted against this plate. In order

that jacking could be done from this end, a cable grip was welded inside

a steel collar. The grip and its collar could then be attached to the

protruding cable, and with the collar fitted to the jacking rod, loading

could be accomplished. The jack was fitted with a bourdon tube pressure

gage) the gage readings were correlated with the total load on the jack

by direct calibration in a hydraulic testing machine.

The elongation of the cable caused by the desired loads was greater

than the adjustment allowed by the adjusting bolts. Because of this elong-

ation it was found necessary to use a step-like procedure in gaining the

desired load on the cable. The jack was first attached to the adjusting

end of the pipe, and a small initial load placed on the cable. The jack

was then attached to the opposite end of the pipe, and a load approximate-

ly 350 pounds less than the desired load was placed on the cable. After

a cable grip had been positioned against the plate, the jack was released

and re-attached to the adjusting end of the pipe. Because some seating

movement occurs in the cable grip, and some z*elaxation occurs during the



EXPLANATION OF PLATE I

Test pipes and fittings used in long-term relaxation

experiments.
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positioning of the Jacking apparatus , the cable load was reduced approx-

imately 3000 pounds. The desired load is then placed on the cable from

the adjusting end. The load was determined by reading the jack gage the

instant the adjusting bolts are finger loose.

It was originally planned to obtain relaxation curves with two cables

at each of the following initial stresses: 65, 75, 80, 85, and 95 percent

of the short-term ultimate stress. However, cable failure occurred when

loading to the 95 percent level. Therefore the cables were loaded to give

Initial stress as follows:

Table 1, Initial stress in long-term relaxation tests.

Pipe Number : Initial Stress i Percent of Short-Term
Ultimate

A and 5 241,000 psi 89.3
1 and 2 225,000 83.5

7 and 8 216,000 79.6
9 and 10 204,000 75.5
3 and 6 188,000 69.5

11 and 12 174,000 64.5

Short-Term Relaxation Tests

In order to determine qualitatively the effect of different loadings

prior to the relaxation conditions, a series of short-term tests were made

in conjunction with similar long-term tests in the pipes. The short-term

tests were made in a large mechanical screw-type testing machine equipped

with a balance-type load indicator. Because of the massiveness of the

screws, heads and columns, it was considered that once the cable was

loaded, theiv could be no further movement of the heads.
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Aftei' the original long-term relaxation tests had progressed for

several months, it was obvious that the results of the pairs of cables

were consistent enough that one of each of the pairs could be removed.

This meant that there would remain only one cable to determine the con-

tinued relaxaUon, but it was felt that this would be sufficiently

accurate.

The pipes thus freed were used in determining the effects of prior

loading on subsequent relaxation. Four pipe tests and four machine tests

were used to determine these effects. The stress inmedlately after the

pre-loading, at the inception of the relaxation conditions, is termed the

initial stress. The amo'ont the pre-loading stress is greater than the

desired initial stress is termed the pre-load.

Table 2. Initial stress and pre-stressing conditions

of short-term relaxation tests.

Test Device j Initial Stress
osi

J Pre-load
1 osi

: Time of Pre-load

Machine 174,000 8,500 5 minutes

Pipe 174,000 17,000 5 minutes

Machine
Machine

174,000
174,000

8,500
17,000

1 day
1 day

Pip* 204,000 15,500 5 minutes

Machine 204,000 31,000 5 minutes

Pipe
Pipe

204,000
204.000

15,500
31,000

1 day
1 day



Movement of the cable through the cable grip would be of primary

importance in a relaxation experiment of this type. Therefore this variable

was investigated during two of the short-term relaxation tests in the screw

type machine. Small plates were attached to the free ends of the cable,

and movement of the plates relative to the testing heads was measured with

dial indicators,

DISCDSSION OF ACCURACY

In the relaxation tests made in the pipes, the greatest inaccuracy

was due to the limited sensitivity of the pump gage. Pressure reading

could be estimated to the nearest 25 psi. This corresponds to a jack

load of 160 pounds, or a cable stress of 2000 psi. This latter figure

probably represents the accuracy of the relaxation data.

Temperature variations were not considered to be of great importance.

The primary effects of varying the actual relaxation characteristics of

the cable would be negligible. The secondary effects of the expansion

or contraction of the cable in comparison with the pipe would be of im-

portance if the pipe were not steel. However, since both materials would

have approximately the same coefficient of thermal expansion, and since

the temperature variation at the time of reading was small (approx, 50°F,),

temperature would not be an important variable.

Little creep of the pipes is expected because of the low stresses in

the pipe. With a load of 20,000 pounds, and the area being 1,44 square

inches, p/a becomes 15,000 psi which is considered to be too small to

cause appreciable creep. However, the elastic elongation of the pipe

during the reduction of load due to wire relaxation cannot be ignored.



It is believed that the small corrections involved do not affect the trends

appreciably J i.e., the same results would be obtained if a constant length

structure were available. It is easily calculable that the elastic elonga-

tion of the pipe due to anelastic deformation is equal to 5.26 percent of

the anelastic stress decrease^ i.e., it is necessary to add 0.0526 times

cable stress decrease to determine what the actual cable stress decrease

would be if the cable were held at constant length.

RESULTS

Short'Tem Properties

The following quantities were determined with the loading rate pro-

ducing ultimate strength in approximately three minutes. A single cycle

of loading was used.

The short-term cable properties were:

Ultimate Tensile Strength - Full Cable 21,575 lb., 270,000 psi

Single Strand, 3,200 280,000

Tield Strength - Full Cable, 0.2$ off-set, 18,800 235,000

Ultimate Elongation in 15 inches, 5.5$

Metal Area - Full Cable, 0.0799 sq. in.

Modulus of Elasticity - Full Cable, 30.5 x 10^ psi

In order to determine the effect of cyclic loading, such as encountered

in the step-like loading in the pipes, the following data was obtained. In

each case the reversal load indicated is the maximum of the cycle} the

minimum load was nearly zero. After the indicated number of reversals,

the wire was loaded to failure. Time of each cycle was approximately two



minutes.

Table 3. Ultimate strengths following cyclic loading.

No. of Reversals : Reversal Stress } Ultimate Strength

5 226,000 pai 272,000 psi

5 226,000 270,000

5 2U,000 267,000

5 2U,000 272,000

Comparing the ultimate strengths after this cyclic loading, it would

seem that cyclic load has little effect on the short-term ultimate

strength, if the maximum cyclic stress is not greater than 244»000 psi

and the number of reversals is small.

Cable Failure in Pipes

During the initial loadings of the cables in the pipe tests the cable

fractured at a stress of approximately 2^3>0O0 psi, a stress equal to 90

percent of the short-term ultimate. Summarising the results of the step-

like loading procedure is this table.

Table 4. Cable failure in pipes.

Cable No. 1 J 2 : 3

Stress of initial seating 2,500 psi 2,500 psi 2,500 psi
Secondary loading stress 2^8,000 248,000 230,000
Stress after secondary

loading 215,000 215,000 200,000
Ultimate stress 243,000 243,000 241,000

Note: Stresses other than ultimate az*e very approximate.



The cause of this "premature" failure is not completely understood|

however, it may be explained by the impact loading caused by the pumping

of the jack. Although the cause may be unknown, the phenomenon was con-

sistent and caused the lowering of the initial stresses in the long-term

relaxation tests as noted before.

Long-Term Relaxation Tests

Results are presented here by relaxation curves, as shown by

Pigs. 1 through 6,

Short-Term Relaxation Tests

Results are also presented hy curves as found in Plates III and IV.

It was also verified during tests in the screw-type machine that there

was no movement of the cable through the cable grip after loading. Move-

ment during loading was found to be approximately 0,4 inches through

each grip.

ANALISIS OF RESULTS

Empirical Formula

Various investigators have suggested the following forms for creep

under constant stress and temperature. Although they are not directly

applicable to relaxation phenoaexia, they are indicative of types of equa-

tions that could be considered!
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Phimp«s Formula (l6),

L s a -t- b log t

Andrade*8 Formula (l6),

L s (L + Bt )

Duchman's Formula (l6),

do/dt = ae°®

Hadai's Formula (13)

S e a(de/dt) r

Prandtl«s Formula (13)

de/dt = a sinh S/b

Ross-Lorman Formula (5)

An equation of added interest Is Prandtl's equation for creep

as directly applied to relaxation. The equation!

tanh (S/c) « tanh (Sp /c ) e""^* . The symbols in the above equations

have the following meanings

i

L = Length of specimen

b Length immediately after loading

e s The Naperian base

£ B Anelastio strain (in./in.

S B Unit stress

Sp s Unit stress at time of loading

t B Time since loading

a, b« Of B, k, fflf n, r B Values obtained from tests.



Deduced Equation

However, none of these equations, except the Ross-Lorman formula,

can easily be manipulated so that the stress decrease in a relaxation test

would be limited, as Figs. 1 through 6 seem to show. Therefore various

equations were used, including the Ross-Lorman equation, in an attempt

to fit the observed data. After several trials it was found that an

equation of the form: S * tanh (at^) was satisfactory. The symbols

in this equation have the following meanings

i

S s Decrease of unit stress (psi)

Sq = Ultimate unit stress decrease (psi)

The following values were found for the constants:

a = e^-^^^^o
- 170.000)10"^- 5.15 ^ o.535

b = e^-^^^^o
- 170,000)10-5- 6.00 ^

Where e is the Naperian base, and is the initial unit stress.

An example of a calculated curve superimposed over the experimentally

determined values is shown in Fig. 7.

ANALYSIS OF RELAXATION RESULTS

Effect of Initial Stress on Ultimate Stress

With no prior loading other than that required to obtain the desired

initial stress, and in the range of stress investigated, there is an almost

linear relationship between the ultimate stress decrease and the initial

stress. As seen from Fig. 8, the ultimate stress decrease ranges from

15,000 psi for an initial stress of 170,000 psi to 50,000 psi for an
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initial stress of 2^0,000 psi. The effect of this is illustrated in Fig. 9

which shows that an increase in the initial stress of 80,000 psi increases

the final stress 39,000 psi.

The ultimate stress decrease, as a percentage of the initial stress,

is of interest in the actual design of pre-stressed members. Figure 10

shows that this varies from 9.8 percent for an initial stress of

m,000 psi to 20.8 percent for 241,000 psi. The stress decrease occurring

after the first day, expressed as a percentage of the initial stress, is

also shown in Fig. 10. Because a large portion of the total stress decrease

occurred during the first day following loading, these stress decreases are

much less than the total stress decrease.

Effect of Initial Stress on Speed of Relaxation

It was found that with no prior loading the specimens with a higher

Initial stress tended to reach the final stress at a greater rate than

those at lower initial stresses. Figure 11 shows that an initial stress

of 240,000 psi caused one half of the ultimate stress decrease to occur

in the first six hours, while over a day was required for the specimens

with an initial stress of 188,000 psi to have a stress decrease equal to

one half of the ultimate stress decrease. Similar effects are shown when

95 percent of the ultimate stress decrease is obtainedj specimens having

an initial stress of 240,000 psi acquire that amount of decrease in 20

days, while specimens having an Initial stress of 180,000 psi required

154 days to gain the same figure. Since Fig. 11 was constructed using

the empirical equation, the curves are subject to the same inaccuracies

as may be inherent in the equation. It is believed that the trends of
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the curves are accurate, even if specific values are not.

The Effect of Prior Loading on Subsequent Relaxation

It can be seen from Plates III and IV that pre-loading the cables

to a larger stress than the desired initial stress reduces the subsequent

decrease. Curves "a" of the two Plates show the relaxation with no prior

loading. The amount that the pre-loading stress is greater than the

desired initial stress is termed the pre-load. Curves "b" show the effect

of pre-loading for five minutes to one half the ultimate stress decrease

that would occur with no prior loading. Curves "d" show the effect of

pre-loading for one day to a stress equal to one half of the ultimate

stress decrease with no prior loading. Similarly, Curves "c" and "e"

show the effect of pre-loading for five minutes, and one day to a stress

equal to the ultimate stress decrease that would occur with no prior

loading.

Although it is obvious that there is benefit from pre-stressing the

cable, actual values of ultimate stress decrease are not now available.

It would seem, though, that the amount of relaxation can be greatly re-

duced by pre-stressing, especially if a pre-loading time of one day is

available.

CLOSURE

In the actual field use of steel cable, the constant length con-

ditions assumed throughout this experiment are not rigidly satisfied.

Rather, the actions mentioned previously (elastic redaction immediately

after pouring of the concrete, concrete creep, concrete shrinkage, etc.)



would tend to reduce the cable length. This reduction would of course

result in an elastic reduction of the cable stress, but this elastic

reduction would reduce any further anelastic deformation. Therefore,

the results of this research give an indication of the anelastic deforma-

tion which is larger than would be expected in a field test. It is

believed that pre-loading of the cable, plus a more accurate simulation

of actual field conditions, would result in less anelastic deformation

of the cable. Perhaps this would be a satisfactory subject for further

investigation.

CONCLUSIONS

Based on this research work, the following conclusions may be drawn,

for the range of stress investigated, regarding the relaxation of pre-

stressing cables. Because the lengths of the test periods were limited,

the conclusions regarding ultimate stress decrease are tentative.

1. The stress in the cable decreased rapidly at first, and then

more slowly, approaching a limit asymptotically.

2. With no loading other than that required to obtain the desired

initial stress, the ultimate stress decrease ranged from 50,000 psi for

an initial stress of 2^0,000 psi to 17,000 psi for an initial stress of

174*000 psi.

3. There was an almost linear relationship between ultimate stress

decrease and initial stress.

The rate of stress decrease was more rapid for the specimens

having higher initial stress.



5, One half of the ultimate stress decrease was obtained in

30 hours or less.

6, Loading to a stress greater than the desired initial stress,

and then lowering the stress to the desired level reduced subsequent

relaxation.

7, With no loading other than that required to obtain the desired

initial stress, the ultimate relaxation of the cable, computed as a

percentage of the initial stress, ranged from 9,8 percent for an initial

stress of 17A,000 psi to 20.8 percent for an initial stress of 241,000

pai. These values are higher than would be expected for an initial

stress of U0,000 psi, which is a typical value of current design stress.

However, the results of this preliminary study also show that this cable

relaxation could be substantially reduced by more strict adherence to

actual field conditions, and by pre-loading the cables above the desired

initial stress; this study indicates that these actions could reduce

relaxation to an acceptable value.

8, The design values of initial stress (that are currently typical)

are approximately 100,000 psi less than the short-tem ultimate strength.

Therefore, this study suggests that mere efficient use of the pre-stress-

Ing materials can be achieved by using higher initial stresses, and sub-

sequently fewer cables. There must exist an awareness, however, that these

higher sti>esses will tend to produce greater relaxations that must be con-

trolled if the desired pre-stress will remain in the concrete. Further

study of the control of these relaxations is necessary before design

criteria can be established.



ACKNOWLEDCaffiNTS

The author wishes to express his gratitude to Dr. M, E, Raville,

Head of the Department of AppUed Mechanics, for his help and advice

in preparing this thesisi to Professor C. H. Scholer for his advice

and encouragement during this study, and to Mr. E. R. Chubbuck for

his help and guidance in performing the tests.



AO

BIBLIOGRAPHT

(1) Abeles, Paul WilUaa.
The principles and practice of pre-stressed concrete,

London: C. Lockwood, 19A9.

(2) Dumont, C., R. G. Stunn, and F. M. Howell.

"Method of analyzing creep data," Trans. ASME, A:62-66, 1936,

(3) Grover, H. J., S. A. Gordon, and L. R. Jackson.

Fatigue of metals and structures, Washington: U. S. Government

Printing Office, 195A.

U) Hazlett, T. H. and E. R. Parker.

"Nature of creep curve," Trans, AIMME, Jour, Metals, (Part 2)

5:318-323, 1953,

(5) Lorman, V. R.

"The theory of concrete creep." Proc, ASTM, AO: 1084-1102, 19A0,

(6) Magnel, Gustave,

Pre-stressed concrete. New lork: McGraw-Hill, 195A.

(7) Marin, Joseph,
"Gc«parison of methods used for interpreting creep test data,"

Proc, ASTM, 37:258-264, 1937,

(8) McVetty, P. G.

"Interpretation of creep tests." Proc. ASTM, 34:105-22, 1934,

(9)
Interpretation of creep test data," Proc, ASTM, 43:707-734,

1943,

(10) Mott, F. R. N., Nabarro, En., C. Andrade, and others.

Report of a conference on strength of solids.

London: The Physical Society, 1948.

(11) Nadai, A. and E. A. Davis,

"Creep of metals." Trans. ASME, A:7-14, 1936.

(12)
"Creep of metals." Trans. ASME, 55:61-70, 1933.

(13)
"The creep of metals under various stress conditions."

Theodore von Karman Anniversary Volume. California:

Institute of Technology. 1941, 237 p.



Rotherhan, L. A.

Creep of metals, London: Institute of Physics, 1951.

Smith, George V,

Properties of metals at elevated temperatures.

New York: McGraw-Hill, 1950.

Sully, A. H.

Metallic creep and creep resistant alloys, London:

Butterworths Scientific Publications, 1949.



RELAXATION OF STEEL CABLES EMPLOIED

IN PHE-STRESSED CONCRETE

HAROLD DEAN DILL

B, S,, Kansas State College of Agriculture

and Applied Science, 1956

AN ABSTRACT OF A THESIS

submitted in partial fulfillment of the

requirefflents for the degi*e«

MASTER OF SCIENCE

Department of Applied i-leohanics

KANSAS STATE COLLEGE
OF AGRICULTURE AND APPLIED SCIENCE

1957



The primary purpose of this investigation was to determine the relax-

ation characteristics of steel cable employed in pre-stressing concrete.

The range of initial stresses to be investigated was 65 to 90 percent of

the short-teim ultimate stress. A secondary objective was to determine

qualitatively the effect of different loading prior to the relaxation

tests. The term relaxation is defined as the anelastic deformation in a

structure when the sum of the anelastic and elastic defoliations remains

constant. Numerous short-teim tests and sixteen long-term tests were per-

formed. Six pairs of the long-term tests were performed to evaluate the

relaxation characteristics of cables having no prior loading.

The results of these twelve tests were correlated by an equation of

the formi S = Sj^^ tanh (at^) where S = stress decrease (psi),

S = ultimate stress decrease psi, t = time, a and b are two constants
m

to be determined.

It was found that, with no prior loading, the following conclusions

may be drawn: Ultimate stress decrease ranged from 50,000 psi for an

initial stress of 241,000 psi to 17,000 psi for an initial stress of

174,000 psi} there was an almost linear relationship between ultimate

stress decrease and initial stressj the rate of stress decrease was more

rapid for the specimens having higher initial stresses; one half of the

ultimate stress decrease was obtained in thirty hours or less. It was

also found by loading to a stress greater than the desired initial stress

and then lowering the stress to the desired level, reduced subsequent

relaxation.
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With no loading other than that required to obtain the desired

initial stress, the ultimate relaxation of the caMLe, computed as a

percentage of the initial stress, ranged frou 9.8 percent for an initial

stress of 174.,000 psi to 20,8 percent for an initial stress of 241,000

psi. These values are higher than would be expected for an initial

stress of U0,000 psi, \dxich is a typical value of current design stress.

However, the results of this preliminary study also show that this cable

relaxation could be substantially reduced by more strict adherence to

actual field conditions, and by pre-loading the cables above the desired

initial stress j this study indicates that these actions could reduce

relaxation to an acceptable value.

The design values of initial stress (that are currently typical)

are approximately 100,000 psi less than the short-term ultimate strength.

Therefore, this study suggests that more efficient use of the pre-stress-

ing materials can be achieved by using higher initial stresses, and sub-

sequently fewer cables. There must exist an awareness, however, that these

higher stresses will tend to produce greater relaxations that must be con-

trolled if the desired pre-stress will remain in the concrete. Further

study of the control of these relaxations is necessary before design

criteria can be established.


