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PREFACE 

This is the second in a series of reports dealing with the findings of 

a research project concerned with the evaluation of the creep behavior of 

concrete subjected to triaxial compressive stresses and elevated temperature. 

This report summarizes the findings of a preliminary evaluation of the data 

obtained in the investigation. The effects of curing history, temperature 

during loading, stress condition, and time after loading on creep strain were 

evaluated along with the effects of the interactions between these factors. 

The findings concerning elastic behavior, Poisson's creep effects, and creep 

recovery behavior are also included and discussed. The data were analyzed by 

analysis of variance techniques, and several equations for predicting creep 

behavior were developed through regression analyses. 

The investigation was conducted and financed under Union Carbide Subcon­

tract 2864 for the Oak Ridge National Laboratory, which is operated by the 

Union Carbide Corporation for the United States Atomic Energy Commission. The 

planning, conducting, and analyzing of data for this experiment required the 

assistance and cooperation of many individuals and organizations; the authors 

would like to acknowledge the cooperation and assistance obtained from the 

Concrete Division of the Waterways Experiment Station, Jackson, Mississippi, 

and the Department of Civil Engineering of The University of California at 

Berkeley. In addition, special thanks are extended to Mr. G.D. Whitman, 

Coordinator, Pressure Vessel Technology Program, whose active participation 

and support allowed this investigation to be successfully conducted and to 

Dr. J.P. Callahan, Mr. J. G. Stradley, and Dr. J.M. Corum of the Oak Ridge 

National Laboratory. Appreciation is also extended to Professor Clyde E. 

Kesler, Department of Civil Engineering, University of Illinois, who served 

as a consultant to the project. Special thanks are also extended to Dr. 

Gerald R. Wagner and Mr. Joseph A. Kozuh for their suggestions and assistance 

in preparing the statistical analysis. Special appreciation is due Mr. Victor 

N. Toth, Dr. Nabil Jundi, and Dr. John W. Chuang for their aid in the planning 

of the experiment, the preparation of the specimens, and the analysis of the 
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data. And finally, the aid extended by personnel of the Center for Highway 

Research, The University of Texas at Austin, is acknowledged. 

Future reports will be concerned with a method of predicting long-term 

triaxial creep behavior from short-term uniaxial creep data, detailed inspec­

tion and evaluation of the specimens used in this investigation, a more 

detailed investigation of certain aspects of the data, and an extension of 

this investigation to include the effect of time after loading on creep 

behavior. 

June 1970 

Guy P. York 

Thomas W. Kennedy 

Ervin S. Perry 



ABSTRACT 

This report describes the preliminary findings from an experimental inves­

tigation performed to evaluate the effects of five major factors and their in­

teractions on creep in plain concrete. The five factors investigated were 

(a) temperature during loading, at 75° and 150° F, (b) curing history described 

as air-dried and as-cast, (c) axial loads in combinations of five stress levels 

varying from Oto 3600 psi, (d) radial loads in combinations of five stress 

levels varying from Oto 3600 psi, and (e) time which consisted of a continuous 

observati.on period of 18 months after casting. 

Essentially this experiment consisted of applying compressive loads along 

the three principal axes of cylinderical concrete specimens. Loads along the 

longitudinal axis were varied independently of loads applied along the radial 

axes, permitting triaxial, biaxial, and uniaxial states of stress to be eval­

uated. The loads were applied by means of a hydraulic loading system and 

strains were measured by vibrating wire strain gages cast in the concrete along 

the axial and radial axes. 

The creep strains were analyzed statistically through two factorial de­

signs within the experiment. Analysis of variance was used to evaluate all 

main effects, two and three-factor interaction effects, and the nonlinear ef­

fects of stress and time. The highly significant effects are discussed in de­

tail and the less significant effects are identified. Also included in this 

report is a discussion of the effects of factors on creep ·Poisson's ratio and 

creep recovery. Several equations which predict creep strains were developed 

through regression analysis, employing all factors investigated. 
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CHAPTER 1. INTRODUCTION 

One of the more important considerations in the design and safety 

evaluation of a prestressed concrete nuclear reactor vessel is the time­

dependent behavior of the concrete in the presence of varying temperature, 

moisture, and loading conditions. Creep and shrinkage, two forms of time­

dependent deformation, can have serious effects because of (1) the loss of 

initial prestress; (2) large deformations of the vessel, which might result 

in misaligmnent of the control-rod passages; and (3) possible residual stresses 

introduced as the loading conditions change. In the last case, the residual 

stresses could conceivably be tensile stresses, which might result in serious 

damage to the vessel. 

At the request of the United States Atomic Energy Connnission a basic re­

search program was formulated and initiated by the Oak Ridge National Labora­

tory for the purpose of developing and improving the technology of prestressed 

concrete reactor vessels. As part of this program, an extensive experimental 

investigation was begun at The University of Texas at Austin for the purpose 

of studying the creep behavior of concrete under multiaxial states of stress 

and elevated temperature. The experiment consisted of measuring strains in 

cylindrical specimens subjected to 50 test conditions involving a variety of 

multiaxial loading conditions (stresses ranging from zero to 3600 psi), two 

curing histories (air-dried and as-cast), and at two temperatures (75 and 

150° F). All creep strain observations were made on cylindrical concrete 

specimens which had a nominal 28-day compressive strength of 6000 psi and 

were placed in a controlled environment for 90 days. After curing the speci­

mens were subjected to a prescribed loading condition and temperature for 

12 months, followed by a three-month unloading period during which creep 

recovery was observed. 

The purpose of this report is to summarize and discuss the findings from 

a preliminary evaluation of the data obtained during the investigation and to 

provide a framework for further detailed study of certain aspects of creep 

behavior. 
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The report contains six chapters and appendices. Chapter 2 provides a 

summary of the current status of knowledge concerning creep behavior in con­

crete. Chapter 3 describes the experimental program, including equipment, 

instrumentation, test procedures, and experimental design. Chapter 4 is 

devoted to the summarization and discussion of all data and pertinent informa­

tion except that concerned directly with creep, which is discussed in detail 

in Chapter S. Conclusions and reconunendations are contained in Chapter 6 and 

the supporting data ·and information are contained in the appendices. 



CHAPTER 2. THE NATURE OF CREEP 

This chapter sunnnarizes the current status of knowledge concerning the 

general nature of the creep phenomenon, its effect on structural members, the 

major factors which affect creep behavior, and the experimental means normally 

used to estimate its magnitude. 

CREEP PHENOMENON 

Concrete exhibits two forms of time-dependent deformation: creep and 

shrinkage. C:~eep deformation is that portion of the time-dependent deformation 

attributed to applied lo;<!) and shrinkage is the deformation due to physical 

or chemical causes other ~han applied load. (Ac~ording to Ali and Kesler (Ref 1), 

creep deformation is usually defined as the algebraic difference between the 

total deformation under load and the sum of the elastic and shrinkage deforma­

tions. A typical time-deformation relationship illustrating these forms of 

deformation for concrete subjected to a load which is sustained for a period 
r 

of time and then released is shown in Fig !_!_...,/ 

:\ When concrete -- is loaded, there is an inunediate deformation, termed in-

stantaneous elastic deformation, which is generally attributed to the elastic 

properties of the concrete. If the load is maintained, the concrete continues 

to deform, at a decreasing rate as shown by the total deformation curve in 

Fig 1. This figure also shows the time-dependent deformations resulting from 

the sustained load and from shrinkage of the material. Upon release of the 

load, there is an immediate deformation in the opposite direction, which is 

instantaneous recovery. This instantaneous recovery deformation is approxi­

mately equal to the instantaneous elastic deformation but decreases in 

magnitude as the time under load increases. This difference is attributed 

generally to an increase in the modulus of elasticity with age and to a time­

dependent plastic set in the concrete (Ref 1). After the load is released, 

the concrete continues to recover, at a decreasing rate, so that deformation 

generally becomes constant after a period of time. This gradual recover is 

called creep recovery and its curve is essentially the reverse of that of 

3 
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creep deformation. The difference between the shrinkage deformation and the 

total deformation remaining after the creep recovery reaches a limiting value 

is an irrecoverable deformation or permanent~ 

Experimental Determination of Creep Strain 

Creep strain at any particular time is usually computed as the algebraic 

difference between the total strain and the sum of shrinkage strain and the 

instantaneous elastic strain. It should be noted that this computation does 

not yield the actual creep strain, because the modulus of elasticity usually 

increases slightly with time, thus decreasing the deformation attributable to 

elastic strain as time progresses. The assumption that elastic strain is con­

stant after loading usually results, therefore, in computed creep strains 

which are slightly smaller than the actual creep strains. Practically, this 

deficiency is not serious, however, because the above computation determines 

the apparent additional strain attributable to sustained load that occurs with 

time, and it is this additional time-dependent strain that is normally desired 

by the engineer. 

In addition, the above method of computation assumes that shrinkage and 

creep strains are independent and additive effects. In reality there is 

probably an interaction between creep and shrinkage (Refs 26 and 50), making 

it difficult to isolate the actual strain attributable to shrinkage from that 

to creep. Nevertheless, shrinkage and creep strains are normally considered 

to be mutually independent (Ref 50), since an effect due to shrinkage alone 

can be easily determined experimentally. Creep is therefore considered to be 

that portion of the time-dependent strain in excess of shrinkage. 

Magnitude of Creep Strain 

The rate of creep deformation is largest immediately after loading and 

decreases with time, as shown in Fig 1. Troxell et al (Ref 61) conducted 

tests with uniaxially loaded specimens and found that approximately 18 to 38 

percent of the total creep deformation which accumulated during 20 years of 

loading occurred in the first two weeks, 40 to 70 percent in the first three 

months, and 64 to 84 percent within the first year. 

The ultimate magnitude of creep strain was found to vary from approximately 

0.2 x 10-6 to 2 x 10-6 units per unit stress in psi (Ref 1). Troxell and Davis 

(Ref 60) found the ultimate magnitude to average about one micro-unit per unit 

stress, or approximately three times the instantaneous elastic deformation for 

concrete that has a modulus of elasticity of three million psi. 
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IMPORTANCE OF CREEP 

The importance of creep depends largely on the kind of structure that is 

constructed. Creep strains exist in all concrete structures under load, but 

the effects differ according to the kind of structure and the conditions under 

which it is loaded. Creep is often undesirable since it causes the loss of 

prestress in prestressed members and results in excessive deflections in re­

inforced concrete beams and slabs, but by relieving highly stressed parts it 

can be desirable, e.g., in statically indeterminate structures. 

To date there is no valid quantitative analysis method for estimating 

creep strain, although a ntllllber of investigators have attempted to derive 

mathematical relationships for predicting creep behavior, and the engineer 

must rely, therefore, on a qualitative evaluation of what occurs in order to 

allow for the effects of creep. 

FACTORS AFFECTING CREEP ,._,.,, 

Practically, any variable that affects another property of concrete also 

influences creep. The more important of these variables are: 

(1) water and cement; 

(2) aggregate type and size; 

(3) admixtures; 

(4) age when loaded; 

(5) temperature during loading; 

(6) moisture condition during curing and loading; 

(7) size and shape of concrete member; 

(8) steel reinforcement; 

(9) concrete strength; and 

(10) magnitude, duration, type, and variation of stress. 

The current status of knowledge concerning the creep effects produced by 

these major factors is summarized below. The factors and their effects are 

discussed qualitatively rather than quantitatively, since results and opinions 

from many experimenters operating under varying degrees of quality control are 

involved. In addition, since mix constituents are the main variables and it 

is impossible to alter one constituent of concrete without altering at least 

one other, it is difficult to ascertain the actual cause and effect relation­

ships. Unless otherwise stated, the conclusions in this section are based on 
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the results of uniaxial tests at stress levels below 50 percent of the ulti­

mate strength of concrete. 

Effect of Water and Cement 
.../ 

Quantity and Quality of Paste. Troxell et al (Ref 61) and Polivka et al 

(Ref 51) found that creep is proportional to the amount of paste in the con­

crete. In addition, Troxell et al (Ref 61) and Neville and Meyers (Ref 49) 
r have shown that\~n increase in the water-cement ratio increases creep. In 

other words, an increase in the quantity of the paste or a decrease in the 

quality of the paste (i.e., an increase in the water-cement ratio) will result 

in a larger creep strain;) '1}6..:., ~1 :.1 

Cement Type. Troxell and Davis (Ref 60) and Davis et al (Ref 11) investi­

gated the effect of cement type on creep. They found that~ncrete prepared 

with low-heat portland cement exhibited greater total creep strains and higher 

creep rates at all ages than concrete prepared with normal portland cement ,/ 

when the concrete was loaded at the usual times after placement. The influ­

ence of cement type on creep is apparently associated with the degree of hy­

dration of the cement at· the time the concrete is loaded, with a higher degree 

of hydration resulting in less creep strai~ It was also found (Ref 11) that 
/ 

)> 
/ 

fine-ground low-heat cement generally produced less creep than coarse-ground 

low-heat cement, whereas fineness of normal cement had no appreciable ~ffect 

on creep. Neville (Ref 46) believes that fineness itself has no effect on 

creep, but that grinding to a finer state reduces the gypsum content below 

an optimum amount and results in increased creep. 

Little information is available on the creep effects of cement components, 

but Ali and Kesler (Ref 1) state that shrinkage is low for concrete containing 

cement with high tricalcium silicate (C3S) and low alkali contents. A high 

alkali content requires a greater percentage of gypsum to keep shrinkage low, 

and thus gypsum appears to have a great effect on shrinkage, with the minimmn 

shrinkage occurring with an optimum amount of gypsum. Davis and Troxell 

(Ref 13) have indicated that factors which affect shrinkage usually affect 

creep in the same manner. Therefore, because there is a lack of experimental 

data with regard to creep effects produced by various cement components, it 

is assumed that the above effects are probably true for creep. 
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.,,.. Effect of Aggregate 

Proportion of Aggregate. It would be expected that an increase in the 

proportion of aggregate in a mix would reduce creep, since concrete aggregates 

are usually considered to be essentially inert and therefore volumetrically 

stable. Neville (Ref 48) found this to be true by comparing creep of cement 

paste alone with creep of a concrete containing the same quantity of paste. 

A~o.!~J.~ e~tt~~ i~R;r~>~!/,/lu.~d /.~~Ti,:J~ ~~~.st~~~'·'wa1t::-~~::~j_,;;tt$.sc ~'~~~~7r 
aggregate-cement ratios produced less creep. f.For concrete subjected to stress 

lev~{s ( ~i,~~:~, b.7£1
'{ ~" 11'ow~~~ ,-'"cr~e~kiint~e::~~ 'w:itt in~reS:~~'f at~~g~{~~~4~nt 'f'( (} ., 
C -

ratios up to-~ critical aggregate content and then decreased )(Ref 58). 
,., '\d U, '!'r-, du /'•Cc1. "li?.fr\ 

TyPe of Aggregate. The petrological characteristics of the aggregate 

appear to affect creep significantly. From tests in which the concrete was 

loaded for five years, Davis et al (Ref 12) found that concretes prepared 

with aggregates of limestone, quartz, granite, gravel, basalt, or sandstone 

exhibited increased creep strains in the order listed. Other investigators 

(Ref 58) have suggested that these/aggregate effects are associated with the 
'·· 

modulus of elasticity and porosity of the aggregate. A hard dense aggregate 

with a high modulus of elasticity produces concrete with a low creep poten­

tial. Although agregates with high porosity tend to lower the creep poten­

tial because they remove water from the paste, this effect is generally offset 

by the lower modulus of elasticity of the aggregate.· 

Size of Aggregate. A number of investigators have suggested that the 

gradation, maximum size, and shape of aggregate particles affect creep be­

havior. (I>avis et al (Ref 12) found that~~r concretes prepared with uniformly 

graded aggregates a larger maximum aggregate size resulted in less creep •. 
./ 

They also discovered that an increase in the fineness modulus of the aggregate 

increased creep. (I~ is the opinion of researchers at the Waterways Experiment 

Station, however (Ref 7), that aggregate size per se has little effect on 

creep behavior, except that for the same workability, smaller aggregates re­

quire more paste, which in turn increases creep strain. 

Effect of Admixtures 

Very little information is available on the influence of admixtures on 

the creep behavior of concrete. Tests at the Waterways Experiment Station 

(Ref 7) indicated that an increase in air content increased creep strain. 
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The use of pozzolans and blast furnace slag to replace part of the portland 

cement has been reported to increase the creep potential; however, the use of 

certain types of fly ash has been found to reduce creep (Refs 58 and 61). A 

reference (Ref 58) to research at Queen's University indicated that creep 

strain increased substantially with the use of calcium chloride, and that tri­

ethanolamine used simultaneously with lignosulphonic acid increased creep at 

the early ages after loading, but not at the later ages. Most evidence has 

indicated that generally admixtures tend to increase the creep potential; there­

fore, before an admixture is used in a structure in which creep strain is of 

concern, creep tests should be conducted. 

Effect of Concrete Age When Loaded 

Many investigators, beginning with R. E. Davis et al (Refs 12, 21, and 

6:), have found that~eep is greater when concrete is loaded at an early age. 

lfor concrete samples moist cured at 70° F until loaded, the total creep strain 

in concrete loaded seven days after casting was approximately three times that 

in concrete loaded at three months, while creep strain in concrete loaded at 

28 days was nearly twice that in concrete loaded at three months cf~fs1 12 and 

60)_.J This reemphasizes the point that the greater the degree of hydration at 

time of loading, the smaller the creep strain. Nasser and Neville (Ref 45) 

found, however, that even SO-year-old concrete, cored out of a bridge footing, 

could creep substantially, especially when subjected to higher than normal 

temperatures. In addition, the higher the level of stress, the more pronounced 

was the effect of the age of the concrete when it was loaded (Ref 1). 

Nevertheless, it is assumed that~~ later ages creep behavior becomes -.. 
relatively independent of age at loading~ Hannant (Ref 26) reported that an 

investigation by Brown (Ref 4) showed that creep decreased with an increase 

in concrete age at loading for specimens at 60° F but that a similar decrease 

was not observed for specimens at 104° F, 150° F, and 200° F. 

Effect of Temperature After Loading 

Until 1960,.when Hansen (Ref 28) reported testing beams in flexure, almost 

no research had been reported on creep of concrete subjected to variations in 

temperature. By 1965 several researchers began investigating creep at rela­

tively high temperatures to meet a need for this knowledge caused by the 

development of prestressed concrete reactor vessels. 
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0 Temperatures Below 300 F. For sealed concrete beams cured six months 

under water at 92° F prior to loading, Hansen (Ref 28) found that creep defor­

mations in flexure approximately doubled when the temperature was increased 

from 68° F to 104° F and nearly tripled for a change from 68° F to 140° F. 

These conclusions generally agreed with those of England and Ross (Ref 16) 

for sealed concrete cylinders loaded for periods of up to 80 days. They 

found that creep strains at 176° F and 284° F were approximately 3.5 and 4.2 
0 times the creep at 68 F, and that the influence of temperature was not as 

0 0 0 great beyond 212 Fas in the 68 F to 140 F range. 

Recent research by Hannant (Ref 26) and Arthanari and Yu (Ref 2) showed 

that creep increased markedly with increased temperature and that regardless 

of whether the specimens were sealed or unsealed the relationship was essen­

tially linear between 80° F and 170° F and between 68° F and 176° F, respec­

tively. From 170° F to 200° F, which was the maximum temperature in his 

tests, Hannant found that the creep strain-time relationships were nonlinear 

and that the rate of creep increased with temperature. Hannant also found 

that creep strains at 170° F were between 4 and 4.8 times the strains at 

80° F. Arthanari and Yu also discovered that creep strain was greater when 

the temperature was increased in stages rather than being set at the maximum 

and kept constant throughout the loading period. 

It was reported (Ref 58) that Hickey (Ref 31) found similar temperature 

effects in unsealed concrete specimens subjected to a uniaxial compressive 

stress of 800 psi for six months. He found that creep at 290° Fin a near 

zero relative humidity was approximately five times that at 73° F and 50 per­

cent relative humidity and that creep had a linear variation between 73° F 

and 180° F and a curvilinear variation between 180° F and 240° F. 

0 Temperatures Above 300 F. Cruz (Ref 8) conducted an investigation in 

which he subjected concrete specimens to a uniaxial compressive stress of 

1800 psi for five hours at temperatures ranging up to 1200° F. He found that 

creep in concrete maintained in a dry air enviromnent at 1200° F, 900° F, 

600° F, and 300° F was approximately 33, 15, 6, and 3 times that under identical 

conditions at 75° F. 

Effect of Moisture Condition 

Of the many factors that affect creep behavior, the moisture enviromnent 

to which the concrete is subjected during curing and while under load is 
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probably one of the most important, and yet it is probably the least under­

stood and most difficult to control. It is generally concluded that 1less 

creep occurs when the humidity of the envirornnent during loading is high. 

Troxell et al (Ref 61) reported that at the end of 20 years, creep in 

unsealed specimens stored at 50 percent relative humidity during the loading 

period was three times that in specimens stored at 100 percent relative 

humidity. Mitzel and Klapoc (Ref 44) found that the creep strain in sealed 

specimens was approximately 20 percent less than in identical unsealed speci­

mens. 

Glucklick and Ishai (Ref 23) have indicated, however, that a well-cured 

concrete with a low moisture content at time of loading exhibits less creep 

than the same concrete with a high moisture content. In addition, Hannant 

(Ref 26) found that when all the vaporable water in the concrete was removed 

before loading, little creep occurred at the end of 200 days when compared to 
0 saturated concrete, even at a stress of 2000 psi and temperature of 158 F. 

.. ~ ~- ., , ··-'".~ f~:1 i=:n:-1C\ !t(f r1· 1Cn1/.ir'1 Ji 
,,, : ' J t' ~ 't"' ~ 

Effect of Size and Shape Ji''!',, :'1y,(. h't,, /_.,,-,, 1v,;'·.t'ht ft.J~.~~i·(,1~1~ •• 
J ~ 

It has been generally observed that large concrete members exhibit less 

creep strain than small ones. Troxell et al (Ref 61) tested 6, 8, and 10-

inch-diameter specimens stored in 100 percent relative humidity and found that 

at the end of 9-1/2 years creep strains in the 8 and 10-inch specimens were 

85 and 70 percent respectively, of the creep strains in the 6-inch specimens. 

Hansen and Mattock (Ref 29) found that with time, creep in large members 

approached that in the corresponding sealed specimens. They also discovered 

that size and shape seemed to affect the creep rate of only those specimens 

loaded during the first three months after casting. For specimens loaded 

beyond that time, size and shape appeared to have little effect, since the 

creep in these members approached that of the sealed specimens under identical 
.0" 1h( (frX tf ':,-F' c«'•nl'r,;:, i.tt&vcl-1 rU·(. foi:,cd..:.d ,-,,'/ !S ,, 1h<'"' «r!:,· 

temperature and humidity conditions.· r.,::t/ .. <;'i~ c:J,c; .. c~J.1-w-1 l""" ,., . _ '. ,·-- J 1} • ~ / I C -~ <'V ere c:1::; rr. c , 
Some investigators, however (Refs 12 'and 60), believe that the ~£feet of 

size and shape on creep is important primarily in the way it affects moisture 

movement in the concrete mass as a whole, i.e., the longer the seepage paths 

to the free surface, the less the total creep strain. This belief is com­

patible with recent tests in Russia. Hannant (Ref 26) reported that Karapetrin 

(Ref 36) concluded from tests of 4, 5.5, and 9.8-inch-diameter specimens that 

size actually had no influence on creep if there were no moisture movement. 
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Effect of Concrete Strength 

The effect of strength on creep in many cases is actually the cumulation 

of the interactions of all the previous factors. It can be generally con­

cluded (Refs 10 and 18) that the stronger the concrete at time of loading, the 

less the creep. Furthermore, Nasser and Neville (Ref 45) stated that~~e in­

crease in strength of concrete with age influences the magnitude of creep by 

helping to restrain creep as the concrete becomes stronger. 

Effect of Steel Reinforcement 

(!he presence of steel in concrete tends to reduce the apparent creep 

strain. As the concrete deforms under sustained load more and more of this 

load is transferred from the concrete to the stee1 •. i Tests by Troxell et al 

(Ref 61) on reinforced concrete columns showed that for 1.9 percent reinforce­

ment the stress in the steel increased more than fivefold in 5-1/2 years. 
-""\. 

Thus less creep should occur in specimens containing reinforcement,_) 
( 

Effect of Stress 
'l f '• " 't 

Magnitude and Duration. It is well established that higher stresses and 

longer load times increase creep strain. If the stress level is below approxi­

mately 75 percent of the ultimate strength, the rate of creep in concrete de­

creases progressively with time until it approaches zero or some small constant 

(Ref 1). For the stresses common in normal structural members, it is generally 

assumed that the creep rate approaches zero and that creep strain reaches a 

constant value (Ref 58), although Troxell et al (Ref 61) found that creep 

strains were still increasing after 30 years under a sustained load. 

If the stress level 'is above approximately 75 percent of the ultimate 

strength, the concrete will continue to creep and eventually will fail (Refs 

18 and 56). The creep rate in this case increases very rapidly when the load 

is applied and then begins to decrease. After a few days or weeks, however, 

the creep rate again increases, until failure occurs. Rusch (Ref 56) performed 

uniaxial load tests at stress levels of up to 90 percent of the ultimate 

strength of concrete with a 56-day compressive strength of 5000 psi. He found 

that specimens loaded at 90 and 80 percent of ultimate compressive strength 

failed after approximately 20 minutes and 7 days, respectively. Likewise, 

Freudenthal and Roll (Ref 18) found that specimens loaded at 80 percent of 

ultimate strength failed after approximately 10 days. 
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Proportionality of Stress to Creep. Many investigators (Refs 1, 10, 18, 

21, 35, and 46) have shown that creep is proportional to stress up to stress 

levels of from 20 to 50 percent of the ultimate compressive strength. It is 

well established that for stresses above 50 percent of the ultimate strength, 

the relationship between creep strain and stress is nonlinear and that large 

strains result, the magnitudes of which increase significantly with increased 

stress (Ref 33). It is believed that this nonlinearity starts when micro­

cracking begins in the concrete. Hsu et al (Ref 32) found that bond cracks 

between the aggregates and mortar began at stresses approximately 25 to 33 

percent of the ultimate strength. 

Repeated Loads. Very little information is available relating repeated 

loads and creep behavior. Nevertheless, the effect of repeated loads on creep 

is extremely important since concrete structures are normally subjected to 

variable stress rather than sustained stress. Ali and Kesler (Ref 1) reported 

that Probst (Ref 52) found that the creep strains decreased as the frequency 

of load applications of a given stress duration increased. He also .discovered 

that uniform stress fluctuations resulted in less creep than irregular 

fluctuations did. L'Hermite (Ref 43) found that concrete exhibited less creep 

when subjected to a rapidly fluctuating stress than when subjected to a com­

parable stress sustained over the total time period. 

Type of Stress. The conclusions from the preceding discussion have been 

formulated primarily on results from uniaxial compression tests with strains 

measured along the axis of the applied load. Unfortunately, little information 

is available concerning strains measured along other axes and the effects of 

other states of stress and this limited information is often somewhat con­

tradictory. 

Uniaxial Compression Stresses. Although numerous investigators have con­

ducted uniaxial creep tests, few have measured strains in directions normal 

to the applied load. Tests conducted by Glanville and Thomas (Ref 22) and 

reported in 1939 showed that lateral creep strains were approximately 3 percent 

of the axial creep strains in one case and negligible in another. Likewise, 

L'Hermite (Ref 43) in 1957 observed that lateral deformation was approximately 

the same for loaded and unloaded specimens, indicating a creep Poisson's ratio* 

* Creep Poisson's ratio was defined as the ratio of creep in the direction per-
pendicular to the applied load to creep along the axis of the applied load. 
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of zero. Polvika, Pirtz, and Adams, however, (Ref 51) tested 16 and 30-inch­

diameter cylindrical specimens and showed that the creep ratio was constant, 

indicating that creep Poisson's ratio was proportional to the elastic Poisson's 

ratio. Duke and Davis (Ref 15) also found that creep strain occurred in both 

the radial and axial directions under uniaxial loads; they found a creep 

Poisson's ratio of approximately 0.17. 

Biaxial Compression Stresses. Ross (Ref 55) investigated creep under bi­

axial stresses using small concrete prisms under relative low compressive 

stresses. He found that creep strains in the principal directions were 

essentially equal to creep strains under corresponding uniaxial stresses. 

Likewise, Furr (Ref 19) iu 1967 reported that creep strains in two-way pre­

stressed slabs, indicated that creep Poisson's ratio was zero and that volumetric 

creep occurred. In contrast biaxial tests by Arthanari and Yu (Ref 2) in 1967 

indicated that creep Poisson's ratio was 0.2. These tests, which were similar 

to those conducted by Ross, were performed on 12 x 12 x 4-inch concrete prisms 

subjectec to a stress of 1000 psi for 60 days. 

Triaxial Compression Stresses. The earliest triaxial creep tests were 

reported by Davis et al (Ref 12) in 1934 and used cylindrical concrete speci­

mens. These tests were actually more of a relaxation than a normal creep 

test since the radial dimensions were kept unchanged by varying the radial 

pressure. It was found that creep strains in the axial direction were essen­

tially equal to that in similar specimens not under radial restraint. 

Duke and Davis (Ref 15) tested 8-inch-diameter cylindrical specimens 

using different r~tios of axial to radial stress, which ranged up to 500 and 

250 psi, respectively. They reported that the lateral stresses caused a 

marked decrease in longitudinal strains as compared to comparable uniaxially 

loaded specimens because of the Poisson's ratio effect. The validity of their 

results, however, was questionable, since hydraulic fluid leaked into the 

specimens during the test. 

No other creep results from triaxial test conditions of consequence were 

reported until those of Hannant in 1969 (Refs 26 and 27) and those of 

Gopalakrishnan et al in 1970 (Refs 24 and 25). Hannant conducted tests on 

4 x 12-inch concrete cylinders subjected to combinations of three radial and 

axial stress levels ranging from Oto 2000 psi and to two levels of tempera­

ture. Load was applied six months after casting and was maintained for two 
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years. Throughout the test period, the specimens were sealed against moisture 

loss. Each specimen contained one vibrating wire strain gage cast in the 

longitudinal direction. From these tests Hannant found that (1) the application 

of a radial stress significantly reduced the creep strains in the direction of 

the axial load relative to axial creep strains in comparable uniaxially loaded 

specimens; (2) considerable creep strain occurred under a hydrostatic state of 

stress even after two years under load, indicating that volumetric creep oc­

curred; and (3) creep Poisson's ratio averaged 0.18 and was virtually constant 

over the entire test period. It should be noted, however, that the creep 

Poisson's ratio was estimated from a uniaxial and biaxial test specimen because 

no radial strains were actually measured. This means that the creep Poisson's 

ratio as determined by Hannant was, in effect, a uniaxial and not a triaxial 

creep ratio. 

Gopalakrishnan et al (Refs 24 and 25) reported creep strains in all three 

principal directions from tests on 10-inch concrete cubes that were loaded 

independently in each of the principal directions at various combinations of 

stress ranging up to 2015 psi. The specimens were maintained in a near constant 

environment at 100 percent relative humidity and 78° F throughout the test. 

The loads were applied eight days after casting and usually were sustained for 

28 days, but were sustained for 98 days in one case. It was found that (1) 

creep strains under multiaxial stress conditions could not be predicted simply 

by superposition methods from creep measurement of uniaxial tests; (2) multi­

axial compression reduced the creep strain relative to that occurring under 

uniaxial compression of the same magnitude in a given direction, substantiating 

Hannant's results; (3) creep Poisson's ratio was apparently unaffected by time 

and was approximately equal to the elastic Poisson's ratio under the uniaxial 

state of stress; and (4) in the case of multiaxial compression, the effective 

creep Poisson's ratio was less than in the uniaxial case, varied between 0.09 

and 0.17 depending on the relative magnitudes of the principal stresses, and 

was greater in the direction of the smallest load. 

Uniaxial Tensile Stresses. The creep behavior of concrete in tension 

appears to be qualitatively similar to that of concrete in compression, 

although there is some disagreement among researchers. This may be explained 

by the fact that the applied tensile stresses were small, therefore resulting 

in small observed creep strains. Thus, errors associated with strain measure­

ments were much more significant than those for compression tests, which would 
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be expected to have higher strains. Several investigators (Refs 11 and 61) 

have found that for equal stresses the initial rate of creep was higher in 

tension than in compression, but that the rates eventually tended to approach 

the same magnitude. Illston (Ref 33) likewise found that initially the rate 

of creep was higher in tension than in compression but that later the reverse 

was true. Ross (Ref 55) and Glanville (Ref 21), respectively, found, however, 

that in three and six months the creep strains were almost the same for equal 

stresses under both tension and compression. 

Flexure Stresses. Here again very little information is available on 

plain concrete despite the simplicity of the test. Tests have indicated that 

creep strain of the tensile fibers exceeds the creep strain in the corresponding 

compressive fibers (Ref 11) and that creep is much higher in flexure than would 

be expected from the results of uniaxial tests (Refs 6 and 62). 

SUMMARY OF CURRENT STATUS OF KNOWLEDGE 

From the literature, it appears that creep in concrete is a complex 

phenomenon which depends primarily on the physic-chemical behavior of the 

internal structure of the hardened cement paste. Most of the factors which 

influence creep are interdependent, as the effect of one factor cannot be 

adequately described without discussing its relationship with or dependence 

on the other factors. Nevertheless, an overriding influence on the magnitude 

of creep appears to be the degree of hydration of the cement in the concrete 

at time of loading with a higher degree of hydration resulting in a lower 

creep potential. Many of the factors discussed above either direc~ly or 

indirectly influence the degree of hydration. 

In general the literature shows that creep in concrete subjected to 

working stress levels decreases with the following: 

(1) reduction in water-cement ratio and paste content, 

(2) use of higher heat portland cements, 

(3) increase in aggregate-cement ratio, 

(4) use of hard dense aggregates with high modulus of elasticity and 
low porosity, 

(5) reduction in the use of most admixtures, 

(6) increased curing time prior to loading the concrete, 

(7) decrease in the temperature during loading, 
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(8) increase in relative humidity of the enviromnent during loading, 

(9) better retention of moisture during curing period, 

(10) removal of all evaporable water before loading and maintaining this 
condition under load, 

(11) increase in size of concrete member, 

(12) increase in concrete strength, 

(13) increase in steel reinforcement, 

(14) decrease in the magnitude and duration of load, and 

(15) application of a load normal to a previously applied load. 

Unfortunately, most of the above findings were formulated from uniaxial 

compression tests with strains measured only along the axis of the applied 

stress. Available information on creep in concrete under multiaxial stresses 

is very limited and in many cases contradictory. Few, if any, studies have 

been conducted on the long-term interrelated effects of moisture condition and 

temperature on creep in concrete under various combinations of multiaxial 

stress. In addition, the previous studies have not evaluated as many major 

factors simultaneously as investigated in this study for strains measured 

along the principal axes. Thus, no estimate is available on the interactions 

of factors which may significantly affect the magnitude of creep in plain 

concrete. 



CHAPTER 3. EXPERIMENTAL PROGRAM 

This chapter presents a discussion and description of the factors investi­

gated, the design of the experiment, the techniques used to prepare specimens, 

the various equipment components used, and, briefly, the test procedures em­

ployed; a detailed description of these procedures is contained in Ref 42. 

The tests consisted of applying compressive loads along the three princi­

pal axes of cylindrical concrete specimens (Fig 2) and measuring the axial 

and radial strains throughout the test period. The axial and radial loads were 

varied independently to achieve triaxial, biaxial, and uniaxial states of stress. 

The loads were applied by means of a hydraulic ioading system and the resulting 

strains were measured by vibrating wire strain gages cast in the concrete along 

the axes of the axial and radial loads. 

TEST CONDITIONS 

Although numerous factors affect the creep behavior of concrete, this 

study investigated the interrelationship of only five of the more important 

variables, i.e., temperature during loading, curing history prior to loading, 

axial loading, radial loading, and time. 

Temperature During Loading 

Two temperature levels during loading were selected, representative of 

the limits of the range of concrete temperature in a nuclear reactor cont~imnent 

vessel. The low level was set at 75° F, which could be expected at the outer 

surface of a reactor, and the high level at 150° F, which is representative of 

the temperature occurring at the inner surface. 

Environmental control provided temperatures which were within± 2° F of 

the desired temperature, and .they were recorded continuously. Relative 

humidity of the 75° F enviromnent was maintained at 60 percent± 5 percent 

and was checked periodically. 

18 
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Axial Load (O'A) 

1 

Vibrating Wire 

Strain Gages 

Radial Load ( O'R) 

Fig 2. State of stress on experimental specimen. 
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Curing History 

Two curing histories were selected for study and were designated as "as­

cast " and "air-dried. 11 These two histories were supposed to be representative 

of the range of curing histories to which concrete in a prestressed concrete 

reactor would be subjected during curing and as such would be closely associated 

with the moisture conditions in the concrete during curing and during loading. 

However, since it was difficult to determine the actual moisture conditions 

which resulted from the two types of curing and because it was. impossible to 

assign the cause of an observed effect to anything but the curing procedure, 

this variable was designated as curing history. 

As-cast specimens were removed from the molds 24 hours after casting and 

placed in a curing room for an additional 24 hours. Then, 48 hours after 

casting, the specimens were sealed in copper and allowed to cure at 75° F 

for an additional 81 days (a total of 83 days of curing) at which time they 

were placed in the test temperature enviromnent. Air-dried specimens were also 

removed from the mold 24 hours after casting and placed in the curing room for 

an additional 24 hours. However, rather than being sealed 48 hours after cast­

ing, the air-dried specimens were submerged in lime-saturated water for the 

next five days, for a total of seven days of curing. At seven days, the speci­

mens were removed from the lime-saturated water and placed in the laboratory at 

75° F and 60 percent relative humidity and allowed to air-dry for 76 days, 

for a total of 83 days of curing, at which time they were sealed in copper and 

placed in the test temperature envirorunent. These curing procedures are pre­

sented in more detail in the section entitled "Curing and Sealing." 

The air-dried condition is representative of the curing history of the 

concrete at the outer surface of a reactor or other mass-concrete structure or 

of concrete in relatively thin members. The as-cast condition is representative 

of the curing history of concrete at the inner face of a reactor or of concrete 

in any massive structure except for that near a free air surface. 

Load 

In this study test specimens were loaded triaxially at five stress levels, 

ranging from Oto 3600 psi for both axial stress aa and radial confining 

stress ar • Since the combination of stresses involved some zero stress 

levels, the loading conditions can be classified as uniaxial a = 0, biaxial 
r 

a = o 
a 

and triaxial. The five stress levels involved were O, 600, 1200, 

2400, and 3600 psi nominal pressures. The radial stress was estimated to be 

accurate within± 5 percent. The actual stress ~n the axial direction was 
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somewhat less than indicated and averaged approximately O, 545, 1080, 2185, and 

3460 psi, respectively. These reduced pressures were due to friction in the 

hydraulic-mechanical system used to load the specimens axially. This system 

is described in more detail in the section on equipment. 

Time, and its relationship to creep strain, is a major factor in any 

creep investigation; in this study time consisted of a continuous observation 

period of 18 months after casting and included 3 months of curing, 12 months 

under load, and 3 months of recovery after the load was removed. Concrete 

strain and internal temperature measurements were recorded periodically, 

according to a preestablished time schedule, which had no more than 28 days 

between readings (Ref 42). 

TEST SPECIMENS 

Description of Specimens 

A total of 337 concrete specimens were cast, in nine batches designated 

A through I, using the same mix design. Three types of specimens were pre­

pared, creep, shrinkage, and strength. These specimens were of two sizes. 

All creep and shrinkage specimens were cast in steel molds 16 inches long by 

6 inches in diameter that were designed specifically for this project (Fig 3)~ 

The strength specimens were cast in standard 6 x 12-inch molds. 

The 6 x 16-inch specimens were cast against 3-inch-high end slugs through 

which the axial load was applied. The 6 X 16-inch molds were open on one side 

(Fig 3) because of the end slugs and to facilitate placing the strain gages. 

All creep and shrinkage specimens, therefore, were cast horizontally while the 

strength specimens were cast vertically. 

Creep Specimens. The creep specimens were the primary test specimens in 

the design and were used to measure the total strains experienced by the con­

crete under the various combinations of the five test variables. The experi­

mental design contained 50 such specimens. 

Shrinkage Specimens. For each environmental test condition and for each 

batch of concrete there was a shrinkage specimen that remained unloaded in a 

test environment identical to that of its companion loaded specimen. Thirty­

two specimens for estimating shrinkage strains were cast in order to estimate 
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Fig 3. Steel mold assembly for 6 X 16-inch specimen. 
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Fig 4. Location of strain gages in 6 X 16-inch specimens. 
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the time-dependent strains due to load and to provide an estimate of batch-to­

batch variations. 

Strength Specimens. A total of 255 concrete strength specimens were cast. 

They were distributed among the nine batches and consisted of as-cast and air­

dried specimens as well as standard cured specimens. The as-cast and air-dried 

strength specimens were subjected to the same environmental conditions as the 

creep and shrinkage specimens. These specimens were prepared to evaluate the 

compressive and tensile strengths of the concrete for the various conditions 

at various times throughout the test period. In addition, they provided a 

means of measuring batch-to-batch variation. The standard strength specimens, 

which were cured by submerging in lime-saturated water, were cast to compare 

the as-cast and air-dried concrete with concrete cured in accordance with 

ASTM Specification C-192 and to establish the strength according to an es­

tablished procedure. 

Casting and Compaction 

The concrete test specimens for the various test conditions were prepared 

in accordance with the detailed instructions presented in Ref 42. A brief 

summary of the casting and compaction operations follows: 

(1) The various molds were assembled in numerical order and the strain 
gages were positioned in the 6 x 16-inch molds (Fig 4) by use of a 
wooden template and held in place with a steel wire and nylon 
string (Fig 3). The 6 X 12-inch specimens were cast in standard 
molds except that those for the as-cast specimens contained 0.008-
inch thick copper inserts (Fig 5) which were used for sealing. 

(2) The concrete was mixed in accordance with an established procedure 
(Ref 42), in a Gilson mixer (Model llS-CRT). 

(3) Consistency tests were performed and the concrete was poured into 
the molds. The 6 x 12-inch specimens were cast and compacted as 
prescribed ~y ASTM Specification C-192 and then vibrated 3 seconds 
at a frequency of 3600 cycles per minute. The 6 x 16-inch specimens, 
which were cast horizontally, were compacted by approximately 200 
strokes of a one-quarter-inch-diameter rod. A specially constructed 
curved trowel was used to finish the exposed longitudinal surface of 
the 6 x 16-inch specimens (Fig 6), and they were then vibrated 5 
seconds on a vibrating table at a frequency of 3600 cycles per 
minute. The entire casting and compaction ope1·ation to this point 
took approximately 45 minutes. Figure 7 shows the specimens of one 
batch innnediately after casting. 

(4) Four hours after casting, each 6 X 12-inch specimen was capped with 
neat cement and a glass plate was pressed and worked to form a smooth 
flat surface (Fig 8). The exposed side of each 6 X 16-inch specimen 



24 

Fig 5 . The 6 x 12-inch molds ready for casting . Copper 
inserts in some molds are for as - cast specimens. 

Fig 6 . Finishing operation on 6 X 16 - inch specimens. 
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Fig 7. View of 6 x 16 And 6 x 12-inch specimens immediAtely After cAsting . 

Fig 8. Capping operation on 6 x 12-inch specimens. 
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also received a final finishing with neat cement, applied with the 
curved trowel. 

Curing and Sealing 

After casting, all specimens were completely covered with wet burlap and 

left in the laboratory for 24 hours. Then the specimens were removed from the 

molds and placed in a curing room and the surfaces of the 6 X 16-inch specimens 

were scrubbed with a wire brush and pumice stone to remove any surface irregu• 

larities and all surface voids were filled with a neat cement paste. 

After the first 48 hours of curing, the procedures followed depended on 

the type of specimen involved. The remaining curing procedures are summarized 

in Table 1 but certain elements of the sealing technique are described herein 

in more detail because proper sealing was an important aspect of the study. 

The sealing method used in this investigation was developed after months 

of experimental tests (Ref 38). The effectiveness of a method was determined 

by whether or not specimens subjected to high temperature lost weight with 

time. In the sealing method selected, two coats of epoxy were applied to the 

surface of the specimens, 24 hours apart. While the second coat was still 

wet, a 0.008-inch-thick copper jacket was wrapped around the specimen and 

soldered to the steel end slugs and to itself along the longitudinal seam. 

The jacket was also crimped, at the interface between the end slugs and the 

concrete, to allow for possible expansion. These operations are shown in 

Fig 9. 

Just prior to assembling the specimens in the test units, the specimens 

were placed in a 6-inch-diameter 0.12-inch-thick neoprene sleeve which was 

slipped over the copper jacket as added protection against penetration of hy­

draulic oil. The end of the neoprene jacket was then sealed with a liquid neo­

prene glue and clamped with a 1/4-inch stainless steel clamp. 

CONCRETE MIX DESIGN 

The concrete mix design and all materials except water employed in this 

investigation were furnished by the Waterways Experiment Station, Vicksburg, 

Mississippi. Prior to shipping, the materials were proportioned in thirteen 

12-cubic-foot batch quantities and placed in sealed containers in order to 

keep the mix design variables constant, since several other laboratories were 

involved in the overall research effort. 
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TABLE 1. CURING HISTORY OF SPECIMENS BEYOND 24-HOUR CONCRETE AGE 

Specimen Type 

6 X 16-inch 
As-Cast 

6 X 16-inch 
Air-Dried 

Age 

24 hours 

48 hours 

83 days 

90 days 

24 hours 

48 hours 

7 days 

81 days 

82 days 

83 days 

90 davs 

Curing/Sealing Operation 

First coat of epoxy applied 

Specimens placed in concrete 
laboratory fog room 

Second coat of epoxy applied 

Specimens sealed in copper 

Specimens placed in test 
laboratory and cured at 73.4 
±3° F 

Specimens sealed in neoprene 
jacket 

Specimens assembled and placed 
in loading rig which was at 
the enviro111Dental test temp­
erature of 75 or 150° F 

Creep specimens loaded for 12 
months 

Shrinkage specimens remain 
unloaded in test environment 

Specimens placed in concrete 
laboratory fog room 

Specimens submerged and cured 
in lime-saturated water at 73.4 
±3° F 

Specimens removed from lime 
water and placed An test lab­
oratory at 73.4±3 F and 60% 
relative humidity 

First coat of epoxy applied 

Second coat of epoxy applied; 
specimens sealed in copper 

Same as 6 X 16-inch as-cast 

Same as 6 X 16-inch as-cast 

Figure 
Number 

9a 

9b 

9d 

10 

11 

9a 

9b 

9d 

(Continued) 



Specimen Type 

6 X 12-inch 
As-Cast 

6 X 12-inch 
Air-Dried 

6 X 12-inch 
Standard 
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TABLE 1. (CONTINUED) 

Age 

24 hours 

48 hours 

83 days 

28, 90, 
183, 365 

days 

24 hours 

48 hours 

7 days 

83 days 

28, 90 
183, 365 

days 

24 hours 

48 hours 

28, 90 
days 

Curing/Sealing Operation 

Specimens placed in concrete 
laboratory fog room 

Specimens sealed in copper 

Specimens placed in test 
laboratory and cured at 73.4 
±3° F 

Specimens to be tested at 183 
days or beyond placed in the 
applicable temperature test 
environment (75 or 150° F) 

Compressive and tensile 
strengths determined; 24 hours 
prior to strength test, copper 
seal removed and specimen 
placed in 73.4±3° F environ­
ment 

Specimens placed in concrete 
laboratory fog room 

Specimens submerged and cured 
in lime-saturated water at 
73.4±3° F 

Specimens removed from lime 
water and placed in test 
laboratory at 73.4±3° F and 
60% relative humidity 

Specimens to be tested at 183 
days or beyond sealed in 
copper and placed in applica­
ble .test temperature (75 or 
150° F) 

Same as 6 X 12-inch as-cast 

Specimens placed in concrete 
laboratory fog room 

Same as 6 x 12-inch air-dried 

Specimens removed from lime­
saturated water, compressive 
strength determined 

Figure 
Number 

9c 

9c 
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a. Application of epoxy. 

c. 6 X lL-inch concrete specimens after 
completion of soldering copper jackets. 

b. Soldering copper to end slugs. 

d. Installation of neoprene sleeve 
over copper jacket . 

Fig 9. Steps in sealing operation. 
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The materials consisted of Type II cement and crushed fine and coarse 

limestone aggregates with a three-quarter-inch maximum size. The concrete mix 

was designed for a 28-day compressive strength of 6000 ± 600 psi, for standard 

cured specimens. Mix proportions and a summary of the results of engineering 

tests on the materials are presented in Appendix A. A brief sumnary of the 

concrete design proportions is shown in Table 2. 

TABLE 2 • MIX DESIGN SUMMARY 

Water-cement ratio 0.425, by weight 

Cement content 7.25 bags/cubic yard 

Slump 2 inches 

Aggregate 

Fine 

Coarse A 

Coarse B 

Coarse C 

Percent of total 
mix, by weight 

33.4 

12.9 

} 15 .1 43.1 

15.1 

EQUIPMENT AND INSTRUMENTATION 

Loading Unit 

Size Range 

Sand 

No. 4 

3/8-inch 

1/2-inch 

The loading frame was designed specifically for this project and was 

manufactured by Wight Engineering Company, Austin, Texas. A schematic of the 

loading unit for the triaxially loaded case (Fig 10) illustrates all compo­

nents of the loading systems. The radial load was applied directly to the 

sealed specimen by hydraulic pressure through oil contained by a one-inch­

thick steel pressure jacket; the axial load was applied by a hydraulic ram. 

Thus, the triaxial loading system was made up of both an axial and a radial 

pressure system which permitted each to be varied independently. The same 

type loading frame without the pressure jackets was used for the uniaxial 

case. Triaxial and uniaxial specimens are shown in Fig 11. The pressure 

jacket system without the loading frames was used for the biaxial case; 

biaxially loaded specimens are shown in Fig 11. 

Each loading frame contained two specimens from the same batch, one as­

cast and one air-dried, which were simultaneously subjected to the same temper-



I Inch Steel 
Pressure Jacket 

Split Steel 
Packing Ring------

Oil Return 
Line 

Oil in for 
Axial Pressure 
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Wire Leads to 
Strain Gages 

Moisture Sealing System 

2 Coats Epoxy 
Soldered Copper Jacket 

Rubber Oil Sealing 
Jacket 

..,_ Oil in for Radial 
Pressure 

Concrete Specimen 

Vibrating Wire 
Strain Gages 

Diameter 

,._ Oil in for Radial 
Pressure 

Ring 

Steel End Cap 

Fig 10. Schematic of triaxial test unit. 
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a. Specimens under triaxial and biaxial stress conditions. 

b, Specimens under the biax ial stress condition. 

Fig 11. Creep specimens under load in 150° F control room. 
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ature and loading conditions. The locations of the as-cast and air-dried speci­

mens within the frame were determined by a random selection process in order to 

minimize bias in the results from specimen location. Likewise, the biaxial 

specimens were simultaneously loaded in pairs under identical conditions. 

To evaluate shrinkage strains, unloaded specimens were placed in Che same 

test environment as the loaded specimens. Shrinkage specimens in the 150° F 

temperature room are shown in Fig 12. 

The loading system developed for this investigation was generally 

satisfactory, but there were two problems that should be noted. First, the 

axial pressures transmitted to the specimens were significantly less than th·e 

pressure input into the system, due to the friction between the piston o-rings 

and the hydraulic cylinder. Machine tolerances between the moving parts were 

close in order to prevent oil leakage at the high pressures involved, and slight 

misalignment caused friction which along with.normal friction reduced the 

pressures actually applied to the specimens from 3 to 10 percent below the 

desired pressure. The second problem involved the radial pressure system. 

Extreme care was required during sealing of the creep specimens; when a weak 

point developed in the seal, the hydraulic oil, under high radial pressure, 

broke through the sealing jacket and penetrated the specimen, causing either 

a structural failure in the specimen or contamination of the specimen and 

rendering it useless for further investigation. The weakest point was usually 

at the interface between the end slug and the concrete. Extreme care in 

sealing and construction of an expansion bellows in the copper jacket at this 

interface (Fig 9c) apparently solved the problem. 

Hydraulic System 

Hydraulic pressure was supplied to .the loading units by using the 100 psi 

air pressure available in the laboratory to drive oil pressure intensifiers. 

This was adequate for creep testing since only a very small quantity of oil 

was necessary once the system was pressurized. A flow diagram of the hydraulic 

system is shown in Fig 13. 

The hydraulic system consisted of a pressure control console (Fig 14) and 

eight pressure manifolds to the loading units plus return lines. The pressure 

control console housed the pressure control valves, pressure intensifiers, 

air reservoir, auxiliary air compressor, and pressure gages for the four 

different pressures. 
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Fig 12. Shrinkage specimens under test adjacent to a biaxially 
loaded specimen. 
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12 Gal. 
Oil Supply 

Return Line from Test Rooms 

To 75°F Laboratory 

To 150°F Control 
Room 

Fig 13. Flow diagram of hydraulic system. 
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Fig 14. Hydraulic pressure control console . 

0• -

Fig 15. Laboratory environmental control system. 



37 

The pressure system was designed for 5000 psi pressure and consisted 

of hydraulic pressure pipes with flexible pressure hoses to the test units. 

A dual system was employed for each of the four pressures (600, 1200, 2400, 
0 and 3600 psi). One manifold system supplied pressure to the 75 F laboratory 

and the other to the 150° F control room. Each manifold system contained a 

return line which was connected to each test unit and allowed oil to circulate 

to the oil reservoir in the console. The primary purpose of this arrangement 

was to provide a way to remove air from the hydraulic system and to circulate 

oil in order to keep the valves from sticking. 

The hydraulic system was designed with two back-up subsystems: an auxil­

iary pressure intensifier which could be used to replace any of the four 

intensifiers that failed or required maintenance and an auxiliary air compres­

sor which would turn on automatically if the laboratory air pressure dropped 

significantly. 

The control system automatically regulated the pressure to within± 5 

percent of the assigned gage pressure. Any of the eight pressure manifolds 

could be independently controlled and each individual test unit and spec­

imen had independent controls. However, there were several drawbacks to 

the overall system. In the event of a complete electric power failure, there 

was no auxiliary means to maintain the oil pressure; and, in case of a major 

oil leak in the system, the pressures in the entire system could drop unless 

the failure was discovered before all the oil was pumped out of the reser­

voir. 

Environmental Control 

To make effective creep comparisons, a constant enviromnent had to be 

maintained over a long period of time. Temperature and humidity conditions 

were effectively controlled by the systems used on the project. 

The tests performed under the nominal 75° F test condition were conducted 

in an environmental control laboratory, while the tests performed under the 

nominal 150° F test condition were conducted in a special, controlled-tempera­

ture room, which was approximately 14 x 20 X 7 feet and was designed to main-
o 0 tain a constant temperature in the range from -20 F to 150 F. The tempera-

tures in both the temperature vault and the laboratory were controlled by 

Johnson Control Systems (Fig 15). 
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The excellent reliability of this environmental control is evidenced by 

the constant temperatures recorded for each specimen over a period of almost 

21 months (Appendix G). The curing phase of this investigation was also con­

ducted in this environmental control laboratory. 

Instrumentation and Recording 

A major problem was finding a strain measuring system that would maintain 

its stability and sensitivity over a long time· period. Until the last few 

years, these conditions could be satisfied only by a mechanical demountable 

fulcrum-plate type gage such as the Whittemore gage. This type of gage is 

not practical for measuring strains in specimens that are triaxially loaded, 

however, and it is slow and ClDllbersome. For specimens that are to be loaded 

triaxially or otherwise confined by a sealing process, a strain gage system 

that can be cast in the specimen and still satisfy stability and sensitivity 

requirements appeared to be the best approach. After extensive study, a 

vibrating wire strain gage (PC 641, manufactured in England by Perivale 

Control Company) was selected. 

Principle of the Vibrating Wire Strain Gage. The principle involved is 

that the frequency of a vibrating wire changes as the strain in the wire 

changes. The gage measures the frequency and when it changes, the change in 

the strain is determined through calculations involving Mersonnes' and 

Hooke's Laws. These two physical laws are combined as follows to derive a 

gage factor (Ref 5): 

where 

Mersonnes Law: F 

Hooke 's Law: E 

= 1 fr 
2.i"{M 

= cr 
e 

F = vibration frequency, 

t = effective wire length, 

T = tension in wire, 

M = mass/unit length of wire, 



a = stress, 

e = strain. 

since a = T 
a 

then T = Eae 

and F = 1 aEe 
2-l M 

Letting C = 1~ 2-l M 

then F = C ,{e 

F2 = c2e 

and = 
F2 

e 
c2 

The gage factor is 

K = 

where 

a = 

E = 

C = 

K = 

The change 

= 

1 
c2 

= 

cross-sectional 

Young's modulus 

wire properties 

gage factor. 

in strain 61 
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(3.1) 

area of wire, 

of wire, 

constant, 

can be determined as follows: 

(3 .2) 
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where 

Fi = the initial (or reference) frequency, 

Ff = the frequency at the strain point desired, 

ei = the initial (or reference) strain, 

ef = the strain point desired. 

Perivale Strain Gage. The Perivale gage was designed primarily for 

measuring strains in concrete and when cast in concrete had a gage factor of 
-3 1.24 X 10 , which was determined experimentally by the manufacturer. The 

gage used had a range of± 1000 micro-units of strain and could be read to 

less than one micro-unit of strain. 

A cross section of the Perivale gage is shown in Fig 16. The gage was 

4 inches long with a 3 1/2-inch gage length and basically consisted of a 

hollow brass tube with an aluminum cap at each end and a steel wire tensioned 

between them. The frequency of the wire was measured by an electronic com­

parator (Fig 17) which, when activated, plucked the wire by use of an electro­

magnet in the gage. The magnetic coil was used to measure the vibration of 

the wire and the frequency was compared with a standard frequency generated 

in the comparator. From this comparison the frequency of the gage wire could 

be measured and used to calculate the change in strain (Eq 3.2). 

The gage was supplied with a preset initial frequency or wire tension. 

In this project a mid-range frequency was selected for all gages, to allow 

measurement of a strain ranging from 285 micro-units in tension to 1050 

micro-units in compression. Even with this selection, the range of the gage 

was often exceeded at the· higher stress levels. 

All the gages were tested in 150° F water for 24 hours prior to in­

stallation, and approximately 16 percent became inoperative. However, they 

became operative again after drying, which indicated that there was moisture 

leakage. Therefore, all the gages were waterproofed with liquid neoprene 

at the junction of the electrical leads and the gage housing. 

Temperature Measurements. Temperatures in the creep and shrinkage 

specimens were measured throughout the test period by a Wheatstone bridge 

system in the comparator which measured the change in resistance of the 

electromagnetic coil in each gage. Thus, two internal temperature readings 
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Fig 16. Cross section of Perivale Vibrating Wire Strain Gage. 
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a. Perivale comparator. b. Comparator used with specimens 
immediately after casting. 

Fig 17 . Perivale comparator used in measuring strain gage frequency 
and temperature. 

Fig 18 . Switchboard configuration used with comparator for 
measurements in loaded specimens. 
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could be recorded for each specimen. A coil resistance versus temperature 

curve was provided by the strain gage manufacturer. 

Switchboard System. For recording strain and temperature data, the com­

parator was connected to a switchboard with a capacity of 180 gages (Fig 18). 

Each gage was independently connected by separate cables to the switchboard, 

and the strain or temperature in any one of the 164 gages (82 specimens) could 

be measured from a central location. 

Gage Effectiveness. The vibrating wire strain gage was considered gener­

ally satisfactory. It appeared to remain stable throughout the 18-month test 

period, although 36 of the 164 gages became inoperative before the end of the 

test period; 13 stopped because the range of the gage was exceeded, three 

exceeded the range of the comparator, and 20 simply failed, probably due to 

water leakage. The gage failure ratio was much higher for the 150° F than 

the 75° F test condition. These strain gages were not thermally compatible 

with the concrete, a fact which is discussed in detail in the following 

chapter. 

EXPERIMENTAL PROCEDURE 

Preparation for Casting 

For approximately nine months prior to casting the actual test specimens 

used in this investigation, a number of preliminary experiments were conducted 

with the actual test equipment and materials since much of the equipment and 

materials used in this study were new and had been designed specifically for 

this project. The purpose of these preliminary tests was to evaluate the 

equipment and instrumentation and to establish techniques and procedures prior 

to the beginning of the actual test program. 

Mixing and Casting Test. Numerous concrete specimens were prepared to 

develop the techniques required for mixing the concrete and casting the 

specimens. Compressive strength and consistency tests were also performed to 

insure that the design requirements for strength and consistency would be 

satisfied. 

Sealing Tests. One of the most difficult problems encountered was 

developing a way to seal the specimens to prevent any moisture loss over an 

18-month test period (Ref 38). Preventing moisture loss at 150° F was 
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particularly difficult. Several different sealing techniques were tried, 

and the method which was finally developed for this project appeared to be 

successful (see section on Curing and Sealing, p 26). 

Loading System Tests. A number of problems were also discovered within 

the loading system. One of the major problems occurred with radially loaded 

test specimens, several of which developed oil leaks that penetrated the con­

crete. The affected specimens are denoted in Table 3. This problem was not 

solved until the actual loading program was approximately 50 percent completed. 

Great care during sealing and a slight modification to the sealing technique 

were required to correct this situation. 

Hydrostatic Load Tests. Preliminary tests conducted with specimens 

loaded hydrostatically (a ; a) showed elastic strains in the radial direction a r 
to be significantly higher than in the axial direction. A series of subsequent 

tests revealed that the axial stresses were less than those indicated by the 

pressure gage due to friction losses in the hydraulic-mechanical pressure sys­

tem (Ref 39). A number of modifications to the system were tried, but none pro­

duced any significant improvement over the original system, and therefore, it was 

decided to calibrate each of the loading rigs with a load cell and use this 

value in the investigation (Ref 41). 

It should also be noted that further preliminary tests showed that this 

loss in axial load did not account for all the strain differences recorded 

(Ref 40). It was suspected that the remaining differences were due to the 

fact that there was variation in the size and shape of the specimens, that 

the radial gage was larg~ relative to the diameter of the specimen, or that 

the ends of the specimens were restrained under load. 

General Test Procedure 

The casting of the specimens for the actual test program began with 

Batch A, on October 29, 1968, and batches were cast in alphabetical order 

through G. Batches Hand I, which were used in part to replace specimens 

that failed in Batches A through G, were not cast until approximately six 

months after the casting of Batch G. The casting and testing procedures 

were identical for all batches. 

The major events for each batch are summarized in Fig 19. The test 

specimens were cured for 90 days prior to loading for 12 months; then the 

specimens were unloaded and observations of strain and temperature were 
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TABLE 3. EXPERIMENTAL DESIGN FOR LOADED CREEP SPECIMENS 

Temperature Axial Load Radial Load Curine Historv* 
OF psi psi As-Cast Air-Dried 

75 0 600 F-13 F-42 

75 0 3600 H-22r H-14r 

75 600 0 E-39 E-40 

75 600 600 E-5 E-13 

75 600 3600 G-35 G-30 

75 1200 1200 C-16x C-17 

75 1200 2400 B-41 B-42 

75 2400 0 B-7 B-19 

75 2400 600 C-23 C-11 

75 2400 2400 F-9 F-30 

75 3600 1200 D-26 D-44 

75 3600 3600 D-31 D-40 

150 0 600 A-35 I-13rf 

150 0 1200 I-27r D-3 

150 0 2400 E-43 E-1 

150 0 3600 I,.;16r I-30rf 

150 600 0 B-4 B-1 

150 1200 0 D-15 D-22 

150 1200 1200 C-12 C-46x 

150 1200 2400 D-2x D-41 

150 2400 0 F-33 F-34 

150 2400 600 E-18 E-4 

150 2400 2400 G-9 G-19 

150 3600 0 B-16 B-5 

150 3600 3600 F-20 F-6 

* - Specimen designation: · The letter indicates the batch .and the numeral 
the specimen within the batch. 

r - Replacement specimens. 
x - Radial pressure zero (ar • 0) due to oil leak in specimen. 
f - Specimen failed shortly after loading. 
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continued for an additional three months. 

The loading operation for each batch followed the same order as the 

casting. Each as-cast specimen was loaded simultaneously with its companion 

air-dried specimen. The four gages (two axial and two radial) could not be 

read simultaneously. The larger stress was applied at a rate of 35 psi per 

second. The ratio of the axial and radial loads during loading was maintained 

and was equal to the ratio of the final axial and radial loads on the speci­

mens; therefore, the lower stress was applied at a slower rate. 

In addition, the unconfined compressive and tensile strengths of speci­

mens which had been subjected to the various environmental conditions were 

determined. The compressive strengths were determined at 28, 90, 183, and 

365 days after casting. Generally, three specimens for each curing history 

and age were tested for each batch. The tensile strengths were determined by 

the indirect tensile test at 28 and 90 days; however, only two specimens for 

each curing history and age were tested, and these specimens were all 

from Batches B through F. The compressive and tensile strength specimens 

were tested in accordance with ASTM specifications C39-66 and C496-69, 

respectively. 

EXPERIMENTAL DESIGN 

The various test conditions investigated in this experiment were randomly 

assigned to each batch, except that Batches Hand I were used for replacement 

specimens. This randomization was restricted only to the condition that each 

batch contain specimens at both test temperatures and an equal nlDllber of 

specimens for each curing history. Each batch contained approximately 

48 specimens; each specimen was prepared and tested in a numerical sequence 

that had been randomly assigned. This randomization was used to minimize 

experimental bias from the casting and testing operations. 

The various combinations of test variables assigned tb the creep and 

shrinkage specimens are shown in the experimental design charts in Tables 3 

and 4, respectively. It should be noted that each batch contained one 

shrinkage specimen for each temperature and curing history. The purpose 

of duplicating the shrinkage specimens for each batch was to provide a means 

of measuring batch-to-batch variation and a basis for comparing creep results 

if the variations were significant. 
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TABLE 4. EXPERIMENTAL DESIGN FOR SHRINKAGE SPECIMENS 

Temperature Load Curing History* 
OF 

75 

75 

75 

75 

75 

75 

75 

75 

150 

150 

150 

150 

150 

150 

150 

150 

* 

osi As-Cast Air-Dried 

0 A-8 A-38 

0 B-29 B-23 

0 C-39 C-6 

0 D-20 D-33 

0 E-28 E-23 

0 F-23 F-17 

0 G-18 G-10 

0 H-28 H-1 

0 A-22 A-32 

0 B-13 B-26 

0 c-41 C-36 

0 D-12 D-23 

0 E-10 E-42 

0 F-15 F-21 

0 G-1 G-21 

0 I-21 I-1 

Specimen designation: The letter indicates the 
batch and the numeral the specimen number with­
in the batch . 



CHAPTER 4. EXPERIMENTAL RESULTS 

This chapter sunnnarizes and discusses compressive and tensile strengths, 

Poisson's ratio, modulus of elasticity, shrinkage strains, coefficient of 

thermal expansion, elastic recovery strains, and total strains of the concrete 

under the various environmental conditidns. Creep behavior is discussed in 

Chapter 5. Shrinkage strains, one of the major factors evaluated in this 

study, are presented for time periods before and after the creep specimens 

were loaded. A detailed discussion of the physical characteristics of 

the vibrating wire strain gage in the concrete is also included in this 

chapter. 

STRENGTH 

Strength is one of the more important properties of concrete and is 

generally the basis for evaluating concrete quality. The concrete used in 

this investigation was designed to have a compressive strength of 6000 

± 600 psi at 28 days under standard ASTM curing conditions for specimens 

stored in lime-saturated water. 

The average compressive strengths for each batch of the concrete are 

shown in Table 5 for the various curing conditions and at various curing 

times. The average 28-day compressive strength of the standard cured speci­

mens was 6420 psi, which was within the 6000 ± 600 psi range established for 

this experiment and was used as the standard concrete strength for calcula­

tions in this report. The individual compressive strengths of all 211 speci­

mens tested are contained in Appendix B. 

The average tensile strength, as determined by the indirect tensile test, 

was 590 psi, which is shown in Table 6 with the averages of the 28 and 90-

day tensile strengths for the various curing conditions and batches. The indi­

vidual tensile strengths of the 44 specimens tested are shown in Appendix C. 

For specimens cured 90 days or less, the apparent compressive strengths 

of the as-cast specimens were significantly lower at 28 and 90 days than 

49 
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TABLES. AVERAGE COMPRESSIVE STRENGTHS 1 

Average Strengths at Following Ages in Days 
28 90 183 365 

Curing 75° F 150° F 75° F 150° F 
Batch Condition osi psi Psi osi osi psi 

A Standard 6760 8550 -- -- -- --
B Standard 6650 8690 -- -- -- --
C Standard 6140 8290* -- -- -- --
D Standard 6200 8540 -- -- -- --
E Standard 6520 8200 -- -- -- --
F Standard 6510 8090 -- -- -- --
G Standard 6440 7730 -- -- -- --
H Standard 6340 8110 -- -- -- --
I Standard 6260 7870 -- -- -- --
Average 6420 8220 

A As-Cast 6580 6880 8260 8120 8840 7600 
B As-Cast 4710 6110 -- -- -- --
C As-Cast 5700 6430* -- -- -- --
D As-Cast 5980 6500 -- -- -- --
E As-Cast 5410 7290 -- -- -- --
F As-Cast 5650 7410 -- -- -- --
G As-Cast 5940 6460 7620 8280 8190 8310 
H As-Cast 5650 6330 7660 -- -- --
I As-Cast 5790 6160 -- 7730 -- --
Average 5710 6640 7850 8040 8510 7960 

A Air-Dried 70~0 6960 7030 7760 7480 7010 
B Air-Dried 6200 7790 -- -- -- --
C Air-Dried 6520 7370* -- -- -- --
D Air-Dried 6640 7790 -- -- -- --
E Air-Dried 6540 7420 -- -- -- --
F Air-Dried 6680 7870 -- -- -- --
G Air-Dried 6570 7460 7310 7100 7810 7860 
H Air-Dried 6320 7280 7470 -- -- --
I Air-Dried 6440 7060 7200 6960 -- --
Average 6550 7450 7250 7270 7640 7440 

1Table consists of the average compressive strengths of 211 6 X 12-inch 
specimens. 

*Batch C tested at 83 days. 
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TABLE 6. AVERAGE TENSILE STRENGTHS! 

Avera2e Stren2ths for Different Ai es and Curin2 Conditions 
28 Days 90 Days 

Batch Standard As-Cast Air-Dried Standard As-Cast Air-Dried 
psi psi psi psi psi psi 

B 630 560* 540 550 540 
C 580 --- --- 680 610 580 
D 620 520 530 510 530 550 
E 570 --- --- 710 590 550 
F 550 --- --- 690 590 580 

Average 590 630 570 560 

1Table consists of the average strengths of 44 6 X 12-inch specimens as 
determined by the indirect tensile test (ASTM C496-69). 

*Only one sample 
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those of the air-dried specimens, the reverse of what might have been expected. 

However, it is thought that the air-dried concrete exhibited apparently higher 

strengths because of end cap conditions and the moisture contents of the 

specimens at the time of testing. 

The neat-cement cap on the as-cast specimens was usually disturbed when 

the copper jackets were removed prior to loading. In many cases, only 75 

percent of the cap on an as-cast specimen was effective, whereas usually 95 

to 100 percent of the cap on an air-dried specimen was effective, since these 

specimens were not sealed in copper prior to testing at 28 and 90 days after 

casting. The poor bearing caps on the as-cast specimens undoubtedly caused 

lower ultimate strengths, because stress was concentrated over a smaller area. 

Secondly, if two concrete specimens which are comparable except for mois­

ture content are tested, the dry specimen will exhibit a higher compressive 

strength than the one with the higher moisture content (Ref 59). In this in­

vestigation, the air-dried specimens were relatively dry at the time of test­

ing in comparison to the as-cast specimens, and the increase in strength 

associated with the dry condition at the time of testing could.have more than 

offset the decrease in strength due to air-dry curing. It should also be 

remembered that the air-dried specimens were cured in lime-saturated water 

for five days immediately after casting. 

The tensile strengths of the as-cast specimens at 90 days were generally, 

although not significantly, higher than those of the air-dried specimens 

(Table 6). Since the condition of the cap is not a factor when the indirect 

tensile test is used, it could be reasoned that the compressive strengths of 

the as-cast specimens would have also been larger than the compressive strengths 

of the air-dried specimens if the end caps had not been a factor. 

Another aspect of strength for specimens cured 90 days or less is that 

the ultimate compressive and tensile strengths of the standard cured speci­

mens were generally higher than those' of either the as-cast or air-dried speci­

mens. This would be expected since the standard cured specimens were allowed 

to absorb additional water while they were curing, thereby improving the hy­

dration process (Ref 17). 

Beyond 90 days the compressive strengths of the as-cast specimens were 

significantly higher than those of the air-dried. Both as-cast and air­

dried specimens were sealed in copper by this time, and therefore both were 

subjected to the same capping conditions; and in addition, the as-cast 
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specimens had more favorable curing conditions, which would give a substantially 

higher gain in strength. It might have been expected that the specimens 

sealed and stored at 150° F 90 days after casting would have had a slightly 

higher strength than those stored at 75° F, but no significant difference 

in compressive strength was observed. 

MODULUS OF ELASTICITY AND POISSON'S RATIO 

The modulus of elasticity and Poisson's ratio were considered together 

since the same procedure was used to estimate both values. The stress-strain 

results at the instant the creep specimens were fully loaded were used in the 

following expressions, which are based on elastic theory: 

where 
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axial stress, psi; 

radial stress, psi; 

strain in axial direction innnediately after loads were 
applied; 

strain in radial direction innnediately after loads were 
applied. 

'lhe value of Poisson's ratio in Eq 4.2 was determined by Eq 4.1. 

(4.1) 

(4.2) 

The strain measurements for the 6 X 16-inch specimens were determined 

immediately before and after loading. 'lhe strain values associated with 

loading are presented in Appendix G; however, the strain quantity actually 
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used in Eqs 4.1 and 4.2 is denoted as the "elastic strain. 11 In some cases 

the elastic strain is a slightly smaller absolute quantity than the measured 

strain. Since as-cast and air-dried specimens tested under identical stress 

conditions were always loaded simultaneously, only one of the four strain 

gages could be read at a time; as a result, there was a time lag in reading 

the other three gages which averaged approximately one minute between mea­

surements. The elastic strains at the instant the specimens were fully 

loaded were determined by developing the polynomial relationship that best 

fit the first six strain measurements after loading and extrapolating to the 

theoretical time "zero." In most cases, the value determined for the elastic 

strain was the same as the strain measured innnediately after loading; however, 

a difference of approximately 5 micro-units occurred in the specimens sub­

jected to higher stresses because of the rapid initial creep rate in these 

specimens. 

Poisson's ratios and the secant moduli of elasticity for all creep speci­

mens are presented in Table 7. 'lhese values appear to be reasonable except 

possibly for some of the specimens loaded hydrostatically. Excluding the 

hydrostatic test condi,tions, Poisson's ratio ranged from O. 21 to O. 28 and 

averaged 0.25; the modulus of elasticity ranged from 4.0 x 106 to 7.1 x 106 
6 

psi and averaged 5.5 x 10 psi. 
Poisson's ratio values for some of the specimens loaded hydrostatically 

were negative or near zero while for others they were higher than the normal 

range. Likewise, some of the moduli were too large, with values of ten to 

twelve million. These were thought to be primarily due to the sensitivity of 

Eqs 4.1 and 4.2 as the stresses approach a hydrostatic condition, under which 

a small change in either stress or strain results in substantial change in 

Poisson's ratio and modulus of elasticity. Also, any error resulting from 

the assumption that concrete is an isotropic and homogeneous material, be­

comes far more critical as the equations become sensitive to slight changes. 

Of more importance is the comparison of the properties under the various 

test conditions, shown in Table 8. From this table, it can be generally stated 

that (1) the air-dried specimens had slightly lower moduli of elasticity than 

the as-cast specimens; (2) the specimens at a test temperature of 150° F had 

slightly lower moduli than the specimens at 75° F; and (3) Poisson's ratio 

was not significantly affected by variations in curing history or moisture 

but was somewhat smaller at 150° F than at 75° F. 
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TABLE 7. MODULUS OF ELASTICITY AND POISSON'S RATIO 

(x 10-6) 
Modulus of 

Strei;;s, psi Strain Poisson's Elasticity, 
Specimen Axial Radial Axial Rad:i.al Ratio 6 

n!'li (x 10 ) 
B-7 2179 0 385 -94 0.243 5.66 
B-41 1092 2400 -8 219 .239 7.14 
C-16 1100 1200 58 127 .409 2.04 

,1..1 C-23 2139 600 283 -10 .244 6.54 tll 
ct! D-26 3449 1200 473 -12 .273 5.91 c..) 
I D-31 3472 3600 286 342 .358 3 .11 tll 

< E-5 562 600 38 57 .381 2.78 
rz.. E-39 527 0 87 -26 .293 6.04 

0 F-9 2147 2400 178 197 - .017 12.55 11"1 
....... F-13 0 600 -52 72 .264 6 .13 

G-35 536 3600 -255 524 .248 4.91 
H~22 0 3600 -333 631 .209 4.51 

B-19 2179 0 379 -104 .274 5.76 
B-42 1092 2400 -4 262 .233 6.05 

"O C-11 2139 600 331 -21 .259 5.51 
Q) C-17 1101 1200 75 101 .306 4.92 •r-1 ,.. 

D-40 3472 3600 298 357 .359 2.97 A 
I D-44 3449 1200 533 -16 .276 5.23 ,.. 

•r-1 E-13 562 600 32 51 .392 2.84 < 
rz.. E-40 527 0 93 -26 .279 5.64 

0 F-30 2147 2400 171 220 .226 6.23 
11"1 F-42 0 600 -52 74 .258 5.98 ....... 

G-30 536 3600 -240 522 .241 4.99 
H-14 0 3600 -340 572 .229 4.85 

A-35 0 600 -48 71 .253 6.35 
B-4 561 0 94 -22 .-.235 5.94 
B-16 3450 0 538 -150 .280 6.42 

,1..1 C-12 1032 1200 77 95 .096 10.36 
tll D-2 1086 2400 -54 266 .284 5.,28 ct! 

c..) D-15 1102 0 203 -53 .259 5.44 I 
tll E-18. 2259 600 322 -4 .219 6.19 < 

i:,.. E-43 0 2400 -221 321 .256 5.56 
0 F-20 3474 3600 309 423 .416 1.56 
0 F-33 2123 0 412 -109 .265 5.15 11"1 
,-1 G-9 2268 2400 181 239 .355 3.12 

I-16 0 3600 -351 550 .242 4.97 
I-27 0 1200 -101 147 .256 6.08 

B-1 561 0 102 -25 .249 5.49 
B-5 3450 0 159 -174 .229 4.54 
C-46 1032 1200 101 117 -.003 10.28 

'O D-3 0 1200 -86 160 .211 5.91 Q) 
o,-1 D-22 1102 0 255 -54 .210 4.32 ,.. 
A D-41 1086 2400 -23 382 .246 4.04 I 
1-1 E-1 0 2400 -233 369 .240 4.94 •r-1 
< E-4 2259 600 378 -15 .237 5.23 
~ F-6 3474 3600 387 429 .278 3.80 

0 F-34 2123 0 469 -123 .262 4.53 0 
11"1 G-19 2268 2400 190 253 .361 2.82 ,-1 

I-13 0 600 -53 87 •. 235 5.28 
1-30 0 3600 -377 629 .230 4.40 



TABLE 8. COMPARATIVE MODULUS OF ELASTICITY AND POISSON'S RATIO RESULTS 

75° F As-Cast 75° F Air-Dried 
Modulus of Modulus of 

Stress, psi Poisson's Elastici1l. ,Poisson's Elasticity 
Axia'l* Radial Specimen Ratio psi (X 10) Specimen Ratio psi (X 106 ) 

600 0 E-39 0.293 6.04 E-40 0.279 5.64 
2400 0 B-7 .243 5.66 B-19 0.274 5.76 
2400 600 C-23 .244 6.54 C-11 0.259 5.51 

0 600 F-13 .264 6.13 F-42 0.258 5.98 
0 3600 H-22 .209 4.51 H-14 0.229 4.85 

Average 0.251 5.78 0.260 5.55 

150° F As-cast 150° F Air-Dried 

600 0 B-4 0.235 5_.94 B-1 0.249 5.49 
2400 0 F-33 • 265 5.15 F-34 .262 4.53 
2400 600 E-18 .219 6.19 E-4 .237 5.23 

0 600 A-35 .253 6.35 I-13 .235 5.28 
0 3600 I-16 .242 4.97 I-30 .230 4.40 

Average 0.243 5_72 0.243 4.99 

*Nominal axial stress. 

u, 
C' 
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SHRINKAGE 

Shrinkage, deformation of concrete due to any physical or chemical cause 

other than applied load and temperature change (Ref 53), was determined by 

measuring strains in unloaded specimens which were comparable to the loaded 

specimens. 

The average axial and radial shrinkage strain-time relationships for 

the four combinations of temperature and curing history are shown in Fig 20. 

These strains are relative to the strains seven days after casting. The 

seven-day strains were considered to be the zero point of reference because 

this was the earliest time at which the various environmental test conditions 

could be considered comparable and stable. Prior to seven days, the physical 

handling, sealing, lack of total temperature control, and different curing 

procedures prevented establishing an adequate base for calculating shrinkage 

strains. Moreover, the strains observed inunediately before casting and later 

indicated that the strains stabilized into a continuous pa~tern from two to 

seven days after casting. 

The curves for the first 90 days after casting include all 6 X 16-inch 

shrinkage and creep specimens, since the shrinkage and creep specimens were 

treated identically during the period prior to loading. The shrinkage strain­

time relationships for the loading period are the averages of the strains 

that occurred in the shrinkage specimens after the creep specimens were loaded. 

However, not all strains from the shrinkage specimens could be used in the 

averages, so the average shrinkage strain relationships after loading were 

determined as shown in Appendix D. The strain and temperature data recorded 

during the period before and after loading are shown in Appendices F and G, 

respectively. 

Shrinkage from Casting to Time of Loading 

The shrinkage strain that occurred after the creep specimens were loaded 

is of primary importance to the study of creep deformations, but in order to 

understand these later shrinkage strains, the shrinkage history during the 

90-day curing period prior to loading must be studied. 

As-Cast Specimens. The magnitude of both the axial and the radial shrink­

age strains for the as-cast specimens remained essentially constant throughout 
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the curing period (Fig 20), since the specimens were sealed shortly after 

casting and no moisture loss occurred. In the specimens under the 75° F test 

conditions, the shrinkage strains stabilized near the point of zero strain, 

suggesting that the decision to use the strain value recorded seven days after 

casting as the zero strain reference was a good one. In addition, as shown 

in Fig 20, the as-cast specimens exhibited shrinkage strains when subjecten 

to 150° F, even though normally if the temperature were increased, the con­

crete would expand. The cause of this apparent behavior is discussed later. 

Air-Dried Specimens. The shrinkage deformation patterns exhibited by 

the air-dried specimens were considerably different from those of the as-cast 

(Fig 20). During the first 83 days after casting, shrinkage in the air-dried 

concrete averaged approximately 220 micro-units. However, the shrinkage 

strain in the axial direction was approximately 60 micro-units more than in 

the radial direction. According to Jain and Kesler (Ref 34), the reverse 

should have been true, because the average internal humidity around the radial 

gage should have been less than that adjacent to the axial gage sjnce the 

radial gage was physically located nearer the drying surface. Thus, more 

shrinkage should have occurred in the direction of the radial gage thL'l in 

the direction of the axial gage. It may also be noted that the shrinkage 

strains in the air-dried specimens increased when the specimens were sub­

jected to a temperature of 150° F. 

Shrinkage After Loading 

The average•' strain-time relationships that occurred in the shrinkage 

specimens after the creep specimens were loaded are shown in Fig 21. These 

curves are the s~e as the portion of those shown in Fig 20 which depict the 

period after the creep specimens were loaded, except that the strains were 

referenced to the strain values at the time of loading. These eight shrink­

age curves were used as a basis for estimating all the creep strains for the 

various test conditions. 

In the original experiment design, each creep specimen was to have an 

unloaded companion specimen within that batch for measuring its individual 

shrinkage deformations. As the experiment progressed, however, it became 

evident that this system was not practical, particularly under the 150° F test 

conditions, because (1) a number of strain gages were no longer functioning 
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and (2) it was suspected from the strains recorded that some of the specimens 

were losing moisture. Therefore, average shrinkage-time relationships (Fig 21) 

for each environmental test condition were developed, assuming that there was 

no significant batch-to-batch variation, a necessary assumption if the effects 

of the test variables in this investigation were to be effectively analyzed. 

Shrinkage strains which were excluded from the averages were (1) those from 

specimens which showed at least a 1-ounce loss in weight during the first 

90 days after loading, indicating a loss of moisture; and (2) those from 

specimens containing improperly functioning strain gages. The shrinkage 

calculations used are shown in Appendix D. 

Under all test conditions, except in the 75° Fas-cast case, a rapid 

change in strain occurred inunediately after the specimens were sealed or 

subjected to the temperature change (Fig 21), but generally stabilized approxi­

mately 90 days after sealing or after the temperature change. 

As-Cast Specimens. Under the 75° F test condition, the.shrinkage strains 

remained practically unchanged for 200 days, at which time a gradual shrink­

age began, probably due to a slight moisture loss. 

In the case of the 150° F test condition, in which the concrete was sub­

jected to a 75° F rise in temperature just prior to loading of the creep 

specimens, the concrete apparently expanded approximately 35 micro-units dur­

ing the first 100 days. Beyond this time, both axial and radial strains re­

mained essentially constant. The apparent expansion during the first 100 

days of the loading period is attributed to the fact that the coefficient of 

thermal expansion of the gage assembly was approximately three times that of 

the concrete. Thus, when the temperature was increased, the gage attempted 

to expand more than the concrete causing stresses to develop in the concrete 

at the interface with the gage. These stresses caused localized creep in 

the concrete around the gage, allowing it to expand slightly with time. Such 

an expansion would subject the vibrating wire to tension and cause an apparent 

expansion of the concrete to be recorded. 

Air-Dried Specimens. In the case of the 75° F test condition, the air­

dried concrete shrank in the radial direction and expanded in the axial 

direction until approximately 100 days after the specimens were sealed 
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(Fig 21). If, however, the entire shrinkage history is considered (Fig 20), 

it can be seen that the average axial and radial shrinkage-time relation­

ship began to converge shortly after sealing, with the strains being essen­

tially equal 100 days after sealing, suggesting that the time required for 

the moisture movement and internal vapor pressure in the concrete to stabilize 

was 100 days. According to Helmuth and Turk (Ref 30), coalescence of shrink­

age strains in specimens this small will ultimately occur as the moisture 

content is equalized, but sealing at 83 days after casting caused it to occur 

sooner in these specimens. 

For the 150° Fair-dried test condition, the concrete expanded in both 

axial and radial directions at a decreasing rate until the strain essentially 

stabilized at about 55 micro-units, although the two curves continued to slow­

ly converge. In terms of the total strain history, both strains stabilized 

at approximately the same magnitude approximately 100 days after sealing 

(Fig 20). This behavior was similar to that for the 150° Fas-cast condi­

tion and its causes are thought to be the same. 

Gage-in-Concrete System 

As previously noted, large apparent shrinkage strains, rather than ex­

pansions, occurred for the 150° F test specimens between 83 and 90 days 

after casting (Fig 20), when the temperature environment was changed from 

75° F to 150° F. This apparent shrinkage, which averaged approximately 145 

micro-units for the as-cast specimen and approximately 50 for the air-dried 

specimens, was attributed to the fact that the gage was not thermally com­

patible with the concrete. Therefore, this behavior was a characteristic 

of the gage-in-concrete system, rather than of the concrete. 

Basically, the gage-in-concrete system consisted of three materials, 

the concrete, the brass gage housing, and the pretensioned steel wire in 

the gage, each with different thermal expansion characteristics (see Fig 22). 

To determine the effect of temperature on the gage measurements, several 

tests were conducted with the gage suspended in air unconstrained. The results 

revealed that rising temperatures caused the measured tP~sion in the steel 
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Expansion Limit Without Steel Wire 
Expansion Limit With Steel Wire 

o Actual Expansion 
~ 14----< Difference Measured 

GAGE 
HOUSING 

STEEL 
WIRE 

r-"1 
I I 
I I 

"I~ Appa,eot Expaos;a, 
! of Concrete** 

Tr True Expansion L Limit of Concrete 

AIR- DRIED AS-CAST 
CONCRETE CONCRETE 

* Coefficient of thermal expansion of the steel wire is assumed to 
6.5 micro-inches/inch/°F; therefore, a 75°F increase in tem­
perature causes a change in strain of 

6e = (6.5) (75) = 488 micro-inches/inch 
w 

** Apparent expansion of concrete at interface wlth gage due to the 
greater expansion characteristics of gage housing. 

Fig 22. Expansion characteristics of gage-in-concrete system. 
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wire to increase relative to the gage housing; the gage housing expanded 4.12 

micro-units per degree Fahrenheit relative to the wire. This is shown in 

Fig 22 as the 310 micro-unit strain difference experienced by raising the gage 
0 0 temperature from 75 F and 150 F. 

When the gage was encased in concrete, deformation of the gage housing 

was generally restricted by the concrete, and the pretensioned steel wire 

acted as though it were cast in an air pocket with only its ends fixed in the 

concrete. Consequently, if a rise in temperature caused apparent shrinkage in 

the concrete, the steel wire must have expanded more than the concrete, causing 

the reduced tension in the wire and the gage to register compressive strains 

or apparent shrinkage. This means that the coefficient of thermal expansion 

of the concrete was less than that of the steel wire, and therefore, the gages 

indicated shrinkage when the concrete actually expanded. 

Apparent Coefficient of Thermal Expansion. Since the thermal expansion 

of the gage assembly was greater than that of the concrete, s_tresses developed 

at the gage-concrete interface when the system experienced a change in tempera­

ture, thereby apparently increasing the deformation of the concrete relative 

to the gage. This apparent additional strain is shown in Fig 22 by the dotted 

lines aoove the true expansion limits of the concretes. 

The apparent coefficient of thermal expansion of the materials can be 

calculated from the recorded strain relationships if the thermal coefficient 

of one of the materials is known. None of the thermal coefficients for the 

materials considered was known; therefore, a coefficient was assumed for the 

steel wire since the thermal coefficient for steel varies less than for the 

other materials. Assuming the coefficient of thermal expansion of the steel 

wire to be 6.5 micro-units per degree Fahrenheit, the apparent coefficients of 
-6 thermal expansion for the air-dried and as-cast concretes were 5.8 x 10 and 

-6 4.6 x 10 , respectively. The true thermal coefficients of the concretes were 

probably slightly less than the apparent thermal coefficients calculated, due 

to the stress concentration caused by the gage. In any event, the thermal 

coefficient for the air-dried concrete was larger than that for the as-cast 

concrete. 
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This is compatible with the thermal expansion results published by 

Bonnell and Harper (Ref 3), who found that the thermal coefficients of air­

dried and water-cured concretes (1:6 mix) made with limestone aggregates were 
-6 4.1 and 3.4 X 10 , respectively. Since these results were smaller than the 

thermal coefficient of steel, a rise in temperature would cause an increase 

in the apparent shrinkage strains. 

ELASTIC RECOVERY STRAINS 

The elastic recovery strains, which occurred immediately after the creep 

specimens were unloaded and which were assumed to be the change in strains 

immediately before and after the creep specimens were unloaded, are summarized 

in Table 9. In addition, Table 9 contains modulus of elasticity and Poisson's 

ratio values for elastic recovery which were calculated using Eqs 4.1 and 4.2 

in a manner similar to that used for calculating the elastic values. 

The average recovery strains after one year under sustained load ranged 

from 89 to 111 percent of the initial elastic strains, depending on test condi­

tion. The recovery strains were generally larger than the initial elastic 

strains and the moduli of elasticity during recovery were generally smaller 
0 than the moduli upon loading, except for air-dried specimens loaded at 150 F 

and most hydrostatically loaded specimens in the other test environments, 

while Poisson's ratios were generally smaller than the elastic values except 

for some hydrostatically loaded specimens. 

The percentage of instantaneous elastic strain was the average percentage 

of absolute change in strain between the loading and unloading elastic strains 

for each of the test conditions involved. Even though there were slight 

differences, the modulus and Poisson's ratio values for elastic recovery were 

essentially of the same magnitude as these quantities at the time of loading 

12 months earlier. This indicates that the gages remained relatively stable 

throughout the test period. Also, one specimen loaded hydrostatically, which 

calculations showed to have a near negative Poisson's ratio and a modulus of 

about twelve million, had the same values upon unloading. Another specimen 

(C-46) also had a negative Poisson's ratio and large modulus upon loading, but 

due to an oil leak shortly after loading, the radial pressure was reduced to 

zero. When the specimen was unloaded from a uniaxial state of stress 12 months 
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C-17 .... 
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< E-13 
~ E-40 

0 F-30 11'1 
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F-42 

TABLE 9. ELASTIC RECOVERY STRAIN CHARACTERISTICS 

Recovery Characteristics 
Released Stresss -6 Modulus of 

psi Strain (x 10 ) Poisson's Elasticity., 
Axial Radial Axial Radial Ratio psi (X 106) 

2179 0 401 -94 .236 5.43 
1100 0 166 -43 .258 6.61 
2139 600 298 -18 .260 6.14 
3449 1200 495 1 .257 5.72 
3472 3600 275 322 .342 3.67 

562 600 39 53 .355 3.53 
527 0 85 -23 .268 6.18 

2147 2400 181 199 -.058 13.38 
0 600 -55 74 .269 5.89 

2179 0 433 -103 .239 5.03 
2139 600 385 -15 .245 4.79 
1101 1200 70 95 .303 5.31 
3472 3600 315 382 .367 2.63 
3449 1200 - 13 - -

562 600 51 55 .093 8.86 
527 0 100 -27 .266 5.28 

2147 2400 184 241 .235 5.52 
0 600 -53 81 .246 5.56 

Percent of Instantaneous 
Elastic Strain 

Axial Radial 

102.8 97.1 

111.2 104.6 

(Continued) 
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TABLE 9. (CONTINUED) 

Recovery Characteristics 
Released Stress, 

-6 Modulus of Percent of Instantaneous 

* psi Strain (x 10 ) Poisson's Elasticity, Elastic Strain 
Specimen Axial Radial Axial Radial Ratio psi (X 106) Axial Radial 

~ 
(I) 

t1l A-35 0 600 - 65 - -u \ 
I B-4 561 0 - -22 -(I) -

< D-2x 1086 0 200 -51 .256 5.44 106.7 108.4 
µ., 

D-15 1102 0 211 - - -
0 G-9 2268 2400 199 272 .370 2.47 0 
LI'\ 
,-I 

B-} 561 0 96 -21 .217 5.87 
"O C-46x 1032 0 227 -53 .231 4.54 QJ 
•,-I D-3 0 1200 99 - - -I-< 
Q D-22 1102 0 234 -4 7 .202 4.72 89.3 95.9 I 
I-< D-41 1086 2400 -3 368 .229 4.35 •,-I 

< E-4 2259 600 243 - - -
µ., F-6 3474 3600 295 - - -

0 F-34 2123 0 431 0 - - -
LI'\ G-19 2268 2400 188 249 .357 2.96 ,-I 

Weighted Average 100.6 100.7 

* Only specimens in which at least one gage was functioning properly after one year under sustained load 
are included in this table. 

x Radial pressure reduced to zero shortly after initial loading due to oil leak and these values were not 
used in percent calculations. 

C'\ 
....... 
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later, Poisson's ratio and modulus of elastic recovery were 0.23 and 4.5 X 106 

psi, respectively, which is in the range expected for this concrete. 

For concrete cubes subjected to multiaxial stresses and unloaded from 22 

to 98 days after loading, Gopalakrishnan et al (Ref 25) found in all cases 

that the elastic recovery strains were less than the elastic strains upon 

loading. However, in this experiment, which subjected the specimens to load 

for a period of 12 months, it was found that the elastic recovery strains 

were generally larger than the elastic strains at loading. 

TOTAL STRAINS IN LOADED SPECIMENS 

'!he total strain in a concrete structure after loading is very important 

because it is this strain which ultimately must be determined by the designer; 

however, in this study, the primary purpose for obtaining total strain values 

was for estimating creep strains. 

The total strain-time data recorded for the axial and radial strains for 

all the loaded specimens are presented in Appendix G. Curves for the total 

axial and radial strains for each specimen are shown in Appendix E. The total 

strain curves include the elastic strains upon application of load and the 

time-dependent shrinkage and creep strains. Briefly, a qualitative review 

of these curves indicates that 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

An increase in stress in one direction produced larger total strains 
and strain rates in that direction. 

Specimens loaded triaxially at a stress ratio approximately equal 
to Poisson's ratio experienced little or no strain in the minor~ 
stress direction. 

In triaxially loaded specimens, for a given principal stress, an 
increase in stress in a plane perpendicular to the principal stress 
reduced the strain along the axis of the principal stress. 

Under a hydrostatic state of stress considerable compressive strain 
in all three principal directions occurred with time, indicating 
the existence of volumetric creep. 

The total strain and strain rate for air-dried specimens were sig­
nificantly greater than for as-cast specimens. 

The total strain and strain rate were higher for specimens at 
150° F than for specimens at 75° F. 
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For comparable states of stress, within the test limits of this 
experiment the order of increased total strain with time was 75° F, 
as-cast; 75° F, air-dried; 150° F, as-cast; and 150° F, air-dried. 



CHAPTER 5. ANALYSIS OF CREEP DATA 

The purpose of this chapter is to analyze the creep strains obtained 

from the test results and to determine the effects produced by the various 

factors investigated. This analysis will include the determination of those 

factors and their interactions which significantly affect creep behavior, the 

development of predictive equations for estimating creep strains in terms of 

all factors in the experiment, and the evaluation and discussion of Poisson's 

ratio for ·creep and creep recovery. This chapter is designed to provide a 

qualitative understanding of the factors that affect creep behavior and to 

develop a framework for more detailed evaluation of specific aspects of creep 

behavior. 

As discussed in Chapter 2, creep strain at a given time and in a given 

direction is the total measured strain in a load specimen, less the instan­

taneous elastic strain at the time of loading and the average strain measured 

in unloaded specimens under identical environmental conditions (Fig 1). The 

creep strains for each specimen are presented in Appendix F. 

STATISTICAL EVALUATION OF CREEP DATA 

Analysis of variance techniques were used to evaluate the effects of the 

various factors in this experiment. Although all factors would be expected to 

be significant as main effects, the statistical analysis provides a means to 

determine which factors or combination of factors affect the response surface 

and to what probable extent. Furthermore, statistics offers the only means to 

identify interactions and to measure quantitatively their effect within a 

certain confidence or probability level. Techniques used in this analysis are 

described in Refs 9, 14, and 57. 

The overall experimental design consisted of 50 independent test condi­

tions. However, not all combinations of factors and levels could be investi­

gated in one complete model because of limitations imposed by the design 

(Table 3) and because after 84 days under load the gages in only 32 specimens 

or test conditions were considered to be functioning properly. Therefore, two 

70 
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smaller models, each consisting of a "full factorial arrangement of treat­

ments," were used to analyze the effects of these variables. These models are 

discussed in the following sections as ''Model A" and ''Model B." 

Model A 

Model A was a full factorial arrangement of four of the five test varia­

bles involving 12 test conditions as sunnnarized in Table 10. As noted, axial 

stress was maintained constant at a nominal level of 2400 psi while the other 

four factors were varied. 

Assumptions. The data analysis using Model A was based on certain asstnnp­

tions which are summarized below. 

(1) There was no significant batch-to-batch variation. This assumption 
was reasonably valid since identical mix designs and procedures were 
employed in the preparation of all batches and since an analysis of 
the compressive and tensile strengths for the various moisture con­
ditions on a batch-to-batch basis indicat,es no significant differ­
ences. 

(2) All axial loads applied to the specimens from the same hydraulic 
pressure header were equal. This assumption was not completely 
valid, as discussed in Chapter 3, due to the slight differences in 
friction losses in the hydraulic piston system between loading units; 
however, these differences were small and were assumed to be negli­
gible. 

(3) There were no significant four-factor interactions or significant 
time factors beyond the third-order terms. Statistically, this is 
generally a safe assumption. 

Model Considered. A number of models were investigated; the multilinear 

model finally selected to express the creep strain relative to the four factors 

in Table 10 was as follows: 

Y = µ+A + B +AB+ C + C +AC+ AC +BC+ BC + ABC q q q 

+ ABCq + E + E + E + AE + AE + AE +BE+ BE q C q C q 

+ BE +ABE+ ABE + ABE +CE+ CE + CE +CW 
C q C q C q 

+CE +CE +ACE+ ACE + ACE +ACE+ ACE q q q C q C C q q 



TABLE 10. FACTORS AND LEVELS SELECTED FOR MODEL A* 

Factor :Number Low 

0 
.A - Temperature, F 2 75 -

B - Curing 
history 2 As-cast 

C - Radial 
stress, psi 3 0 -

D - Axial stress 1 

E - Time, days 12 56 84 

~ = 2400 ( Nominal) 

~ 
t 

(Ta 

--a;= (~00 
l2400 

- - -

- -

- - -

112 140 

Levels 
Mid High 

- - - - - - - - - 150 

- - - - - - - Air-dried 

- - 600 - - - - - 2400 

Constant at 2400 psi 

168 196 224 252 280 308 336 364 

* The following specimens incorporated 
these test conditions for Model A: 
B-7, B-19, C-11, C-23, E-4, E-18, 
F-9, F-30, F-33, F-34, G-9, and 
G-19. 

-..J 
N 



where 

73 

+ACE +BCE+ BCE + BCE +BCE+ BCE q C q C q q q 

+BCE + e q C e 

Y = an individual creep strain observation, 

µ = overall mean, 

e = experimental error, e 

A = effect of temperature, 

B = effect of curing history, 

C = effect of radial stress, 

E = effect of time after loading, 

q = effect of quadradic variation of variable, 

C = effect of cubic variation of variable. 

This model involves both levels of temperature and curing history, 

three of the five radial stress levels in the overall experimental design, 

and 12 levels of time. Furthermore, this model allows the evaluation of all 

main effects except axial stress, all two and three-factor interaction effects, 

all second degree nonlinear and second degree interaction effects involving 

radial stress, and all second and third degree nonlinear and second and third 

degree interaction effects involving time. The low level of time was set at 

56 days because the rate of change of creep was considerably smaller for all 

test conditions beyond this time, allowing a more precise prediction 

equation for strains, which are of primary interest. 

The orthogonal coding for this statistical design is tabulated in Table 

11. The coding for the unequally spaced levels of radial stress was construc­

ted by a method described by Robson (Ref 54). The orthogonal coding for the 

equally spaced levels of the remaining factors is after Fisher and Yates 

(Ref 17). 
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TABLE 11. CODED TREAU1ENT COMBINATIONS FOR MODEL A 

Level of Factor 
Specimen 

A B C C E E E q q C 

B-7 -1 -1 -5 3 -11 55 -33 
-1 -1 -5 3 - 9 25 3 
-1 -1 -5 3 - 7 1 21 
-1 -1 -5 3 - 5 -17 25 
-1 -1 -5 3 - 3 -29 19 
-1 -1 -5 3 - 1 -35 7 
-1 -1 -5 3 1 -35 - 7 
-1 -1 -5 3 3 -29 -19 
-1 -1 -5 3 5 -17 -25 
-1 -1 -5 3 7 1 -21 
-1 -1 -5 3 9 25 - 3 
-1 -1 -5 3 11 55 33 

B-13 -1 1 -5 3 -11 55 -33 
-1 1 -5 3 - 9 25 3 
-1 1 -5 3 - 7 1 21 
-1 1 -5 3 - 5 -17 25 
-1 1 -5 3 - 3 -29 19 
-1 1 -5 3 - 1 -35 7 
-1 1 -5 3 1 -35 - 7 
-1 1 -5 3 3 -29 -19 
-1 1 -5 3 5 -17 -25 
-1 1 -5 3 7 1 -21 
-1 1 -5 3 9 25 - 3 
-1 1 -5 3 11 55 33 

C-11 -1 1 -2 -4 -11 55 -33 
-1 1 -2 -4 - 9 25 3 
-1 1 -2 -4 - 7 1 21 
-1 1 -2 -4 - 5 -17 25 
-1 1 -2 -4 - 3 -29 19 
-1 1 -2 -4 - 1 -35 7 
-1 1 -2 -4 1 -35 - 7 
-1 1 -2 -4 3 -29 -19 
-1 1 -2 -4 5 -17 -25 
-1 1 -2 -4 7 1 -21 
-1 1 -2 -4 9 25 - 3 
-1 1 -2 -4 11 55 33 

(Continued) 
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TABLE 11. (CONTINUED) 

Level of Factor 
Specimen 

A B C C E E E q q C 

C-23 -1 -1 -2 -4 -11 55 -33 
-1 -1 -2 -4 - 9 25 3 
-1 -1 -2 -4 - 7 1 21 
-1 -1 -2 -4 - 5 -17 25 
-1 -1 -2 -4 - 3 -29 19 
-1 -1 -2 -4 - 1 -35 7 
-1 -1 -2 -4 1 -35 - 7 
-1 -1 -2 -4 3 -29 -19 
-1 -1 -2 -4 5 -17 -25 
-1 -1 -2 -4 7 1 -21 
-1 -1 -2 -4 9 25 - 3 
-1 -1 -2 -4 11 55 33 

E-4 1 1 -2 -4 -11 55 -33 
1 1 -2 -4 - 9 25 3 
1 1 -2 -4 - 7 1 21 
1 1 -2 -4 - 5 -17 25 
1 1 -2 -4 - 3 -29 19 
1 1 -2 -4 - 1 -35 7 
1 1 -2 -4 1 -35 - 7 
1 1 -2 -4 3 -29 -19 
1 1 -2 -4 5 -17 -25 
1 1 -2 -4 7 1 -21 
1 1 -2 -4 9 25 - 3 
1 1 -2 -4 11 55 33 

E-18 1 -1 -2 -4 -11 55 -33 
1 -1 -2 -4 - 9 25 3 
1 -1 -2 -4 - 7 1 21 
1 -1 -2 -4 - 5 -17 25 
1 -1 -2 -4 - 3 -29 19 
1 -1 -2 -4 - 1 -35 7 
1 -1 -2 -4 1 -35 - 7 
1 -1 -2 -4 3 -29 -19 
1 -1 -2 -4 5 -17 -25 
1 -1 -2 -4 7 1 -21 
1 -1 -2 -4 9 25 - 3 
1 -1 -2 -4 11 55 33 

(Continued) 
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TABLE 11. (CONTINUED) 

Level of Factor 
Specimen 

A B C C E E E q q C 

F-9 -1 -1 7 1 -11 55 -33 
-1 -1 7 1 - 9 25 3 
-1 -1 7 1 - 7 1 21 
-1 -1 7 1 - 5 -17 25 
-1 -1 7 1 - 3 -29 19 
-1 -1 7 1 - 1 -35 7 
-1 -1 7 1 1 -35 - 7 
-1 -1 7 1 3 -29 -19 
-1 -1 7 1 5 -17 -25 
-1 -1 7 1 7 1 -21 
-1 -1 7 1 9 25 - 3 
-1 -1 7 1 11 55 33 

F-30 -1 1 7 1 -11 55 -33 
-1 1 7 1 - 9 25 3 
-1 1 7 1 - 7 1 21 
-1 1 7 1 - 5 -17 25 
-1 1 7 1 - 3 -29 19 
-1 1 7 1 - 1 -35 7 
-1 1 7 1 1 -35 - 7 
-1 1 7 1 3 -29 -19 
-1 1 7 1 5 -17 -25 
-1 1 7 1 7 1 -21 
-1 1 7 1 9 25 - 3 
-1 1 7 1 11 55 33 

F-33 1 -1 -5 3 -11 55 -33 
1 -1 -5 3 - 9 25 3 
1 -1 -5 3 - 7 1 21 
1 -1 -5 3 - 5 -17 25 
1 -1 -5 3 - 3 -29 19 
1 -1 -5 3 - 1 -35 7 
1 -1 -5 3 1 -35 - 7 
1 -1 -5 3 3 -29 -19 
1 -1 -5 3 5 -17 -25 
1 -1 -5 3 7 1 -21 
1 -1 -5 3 9 25 - 3 
1 -1 -5 3 11 55 33 

(Continued) 
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TABLE 11. (CONTINUED) 

Level of Factor 
Specimen 

A B C C E E E q q C 

F-34 1 1 -5 3 -11 55 -33 
1 1 -5 3 - 9 25 3 
1 1 -5 3 - 7 1 21 
1 1 -5 3 - 5 -17 25 
1 1 -5 3 - 3 -29 19 
1 1 -5 3 - 1 -35 7 
1 1 -5 3 1 -35 - 7 
1 1 -5 3 3 -29 -19 
1 1 -5 3 5 -17 -25 
1 1 -5 3 7 1 -21 
1 1 -5 3 9 25 - 3 
1 1 -5 3 11 55 33 

G-9 1 -1 7 1 -11 55 -33 
1 -1 7 1 - 9 25 3 
1 -1 7 1 - 7 1 21 
1 -1 7 1 - 5 -17 25 
1 -1 7 1 - 3 -29 19 
1 -1 7 1 - 1 -35 7 
1 -1 7 1 1 -35 - 7 
1 -1 7 1 3 -29 -19 
1 -1 7 1 5 -17 -25 
1 -1 7 1 7 1 -21 
1 -1 7 1 9 25 - 3 
1 -1 7 1 11 55 33 

G-19 1 1 7 1 -11 55 -33 
1 1 7 1 - 9 25 3 
1 1 7 1 - 7 1 21 
1 1 7 1 - 5 -17 25 
1 1 7 1 - 3 -29 19 
1 1 7 1 - 1 -35 7 
1 1 7 1 1 -35 - 7 
1 1 7 1 3 -29 -19 
1 1 7 1 5 -17 -25 
1 1 7 1 7 1 -21 
1 1 7 1 9 25 - 3 
1 1 7 1 11 55 33 
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Model B 

Model B was a complete fac,torial arrangement of three of the five test 

variables involving four test conditions, as sunmarized in Table 12. In this 

model, temperature during loading and curing history remained constant while 

axial stress, radial stress, and time were varied. The effects of axial and 

radial stress were each evaluated at two levels while their relationships with 

time were evaluated at the same 12 levels used in Model A. The purpose of this 

model was to assist in interrelating the effects of all five test variables. 

The assumptions for Model A also apply to Model B. In addition, it was 

assumed that all radial loads applied to the specimens from the same hydraulic 

pressure manifold were equal. 

The multilinear model selected to express the creep strain relative to 

the three factors in Table 12 is as follows: 

Y = µ, + C + D +CD+ E + E + E +CE+ CE + CE + DE 
q C q · C 

+ DE + DE + CDE + CDE + CDE + ee q C q C 

where 

y = an individual creep strain observation, 

µ. = overall mean, 

e = experimental error, e 

C = effect of radial stress, 

D = effect of axial stress, 

E = effect of time after loading, 

q = effect of quadratic variation of variable, 

C = effect of cubic ·variation of variable. 

This model allowed the evaluation of all main effects, all two and three­

factor interaction effects, and all second and third degree nonlinear and in­

teraction effects involving time. The orthogonal coding used to evaluate this 



TABLE 12. FACTORS AND LEVELS SELECTED FOR MODEL B* 

Factor Number Low 

A-Temperature 1 

B-Curing History 1 

C-Radial stress, 
psi 2 0 

D-Axial stress, psi 2 1200 

E-Time, days 12 56 

a;;= [ ~10°0 (Nominal) 

a; 

~ 

0;=[~400 

150° F 
Air-dried 

- - - -
- - -

84 112 140 

Levels 
Mid High 

Constant at 150° F 

Constant at air-dried 

-
-

168 

- - - - - - - 2400 

- - - - - - - 2400 

196 224 252 280 308 336 364 

* The following specimens incorporated 
these test conditions for Model B: 
D-22, D-41, F-34, and G-19. 

"' \0 
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model is tabulated in Table 13. Since all levels of the factors were equally 

spaced, the coding scheme described by Fisher and Yates was used. 

Analysis of Variance 

The analyses of variance (AOV) for Model A are presented in Tables 14 and 

15 for creep strains calculated in the axial and radial directions, respec~ 

tively; similarly, the analyses of variance for Model Bare shown in Tables 16 

and 17. The factors or interactions found to significantly affect creep 

strains at probability levels of 0.005 and 0.05 are indicated.* 

F-Test. The relative significance of a test variable is determined by 

a statistical "F-test." The F-test is the ratio of the mean square of the 

particular test variable to the "error mean square" of the experiment. The 

error mean square represents an estimate of the true experimental error. The 

more accurate the estimate of true experimental error, the greater the confi­

dence placed in the results of the F-test. The best estimate of true experi­

mental error is the within error mean square calculated from duplicate speci­

mens, which are specimens treated alike in all respects. In this experiment, 

however, there were no duplicate specimens, so the pooled mean square of all 

four-factor interactions and time variables beyond the third-order terms were 

used as an estimate of the true experimental error. This estimate of the 

error mean square was relatively small and it is believed that the true error 

term was somewhat larger than this value due to the nature of this experiment. 

In cases where the estimate of the experimental error is less than the true 

error, the F-test is oversensitive and more variables would be found to be 

significant at a given probability level. 

Discussion of AOV Tables. The percent of total variation column in Tables 

14 through 17 represents the percent of the total creep strain variation that 

was attributed to the specific factor investigated within the range of the 

variables tested in the model. This is, in effect, the relative influence of 

each factor. Missing data also occurred in the experiment near the end of the 

loading period when five of the strain gages failed. Io keep the model orthog­

onal for purposes of evaluating the factors, the missing data points were esti­

mated by extrapolation methods. The number of degrees of freedom in the 

* A probability level of 0.005 means that the probability is less than one-
half percent that this factor does not affect creep. 
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TABLE 13. CODED TREATMENT COMBINATIONS FOR MODEL B 

Level of Factor 
Specimen 

C D E E E 
q C 

D-22 -1 -1 -11 55 -33 
-1 -1 - 9 25 3 
-1 -1 - 7 1 21 
-1 -1 - 5 -17 25 
-1 -1 - 3 -29 19 
-1 -1 - 1 -35 7 
-1 -1 1 -35 - 7 
-1 -1 3 -29 -19 
-1 -1 5 -17 -25 
-1 -1 7 1 -21 
-1 -1 9 25 - 3 
-1 -1 11 55 33 

D-41 -1 1 -11 55 -33 
-1 1 - 9 25 3 
-1 1 - 7 1 21 
-1 1 - 5 -17 25 
-1 1 - 3 -29 19 
-1 1 - 1 -35 7 
-1 1 1 -35 - 7 
-1 1 3 -29 -19 
-1 1 5 -17 -25 
-1 1 7 1 -21 
-1 1 9 25 - 3 
-1 1 11 55 33 

F-34 1 -1 -11 55 -33 
1 -1 - 9 25 3 
1 -1 - 7 1 21 
1 -1 - 5 -17 25 
1 -1 - 3 -29 19 
1 -1 - 1 -35 7 
1 -1 1 -35 - 7 
1 -1 3 -29 -19 
1 -1 5 -17 -25 
1 -1 7 1 -21 
1 -1 9 25 - 3 
1 -1 11 55 33 

(Continued) 
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TABLE 13. (CONTINUED) 

Level of Factor 
Specimen 

C D E E E 
q C 

G-19 1 1 -11 55 -33 
1 1 - 9 25 3 
1 1 - 7 1 21 
1 1 - 5 -17 25 
1 1 - 3 -29 19 
1 1 - 1 -35 7 
1 1 1 -35 - 7 
1 1 3 -29 -19 
1 1 5 -17 -25 
1 1 7 1 -21 
1 1 9 25 - 3 
1 1 11 55 33 
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TABLE 14. ANALYSIS OF VARIANCE FOR AXIAL CREEP, MODEL A 

Source of Degrees of Mean F Significance Percent of 
Variation Freedom Square Value Level, % Total Variation 

A 1 334535 11779 0.5 19.40 

B 1 251068 8840 0.5 14.56 

AB 1 7309 257 0.5 .42 

C 2 
Ci, 1 650654 22910 0.5 37.73 

C 1 91082 q 3207 0.5 5 .28 

AC 2 
A i,C 1, 1 76709 2701 0.5 4.45 

Aiq 1 69936 2463 0.5 4.06 

BC 2 
B i,C 1, 1 11024 388 0.5 .64 

B i,Cq 1 8434 297 0.5 .45 

ABC 2 
Ai.tel, 1 4198 148 0.5 .24 

A i,B i,Cq 1 9850 347 0.5 .57 

E 11 
E 1, 1 164794 5803 0.5 9.56 

E 1 6988 q 246 0.5 .41 

E 1 1624 
C 

57 0.5 .09 

AE 11 
A i,E 1, 1 4147 146 0.5 .24 

A i,Eq 1 65 2.3 - 0 

Ai.Ee 1 6 - - 0 

BE 11 
B 1,E 1, 1 21 - - 0 

B i,Eq 1 440 15 0.5 .03 

Bic 1 6 - - 0 

(Continued) 



84 

TABLE 14. (CONTINUED) 

Source of Degrees of Mean F Significance Percent of 
Variation Freedom Square Value Level,% Total Variation 

ABE 11 

Ai J,E J, 1 964 34 0.5 .06 

Ai 1,Eq 1 72 2.5 - 0 

A 1,B 1,Ec 1 0 - - 0 

CE 22 
C 1,E J, 1 17644 621 0.5 1.02 

ciq 1 105 3.7 - .01 

Cic 1 37 1. 3 - 0 

cl t 1 3610 127 0.5 .21 

C E 1 40 1.4 - 0 
q q 

C J,Ec 1 38 1. 3 - 0 

ACE 22 

A fit 1 1338 47 0.5 0.08 

A 1,Ciq 1 229 8 5.0 .01 

A J,C J,Ec 1 21 - - 0 

AfqE J, 1 3555 125 0.5 .21 

Af E 1 9 - - 0 q q 
A J,C E 1 4 - - 0 

q C 

BCE 22 
B J,C J,E J, 1 35 - - 0 

Bf J,Eq 1 85 3 - .01 

Bfic 1 5 - - 0 

B 1,Cl J, 1 882 31 0.5 .05 

B J,C E 1 193 6.8 5.0 .01 
q q 

B J,C E 1 10 - - 0 
q C 

ABCE 22 

Total 143 

(Continued) 
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TABLE 14. (CONTINUED) 

Source of Degrees of Mean F Significance Percent of 
Variation Freedom Square Value Level, % Total Variation 

** Residual* 95 28.4 

* Includes all four-factor interactions, time, and time interaction 
beyond the third-order terms. 

** Seven degrees of freedom were removed from residual due to seven 
missing data points. 

Legend 

A - Temperature during loading 

B - Curing history 

C - Radial stress 

E - Time after load:i.ng 

i, - Linear variation of factor 

q - Quadratic variation of factor 

c - Cubic variation of factor 
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TABLE 15. ANALYSIS OF VARIANCE FOR RADIAL CREEP, MODEL A 

Source of Degrees of Mean F Significance Percent of 
Variation Freedom Square Value Level, % Total Variation 

A 1 12860 464 0.5 .35 

B 1 2720 0.5 2.06 

AB 1 8320 300 0.5 .23 

C 2 
C.e, 1 3326338 120084 0.5 91.10 

C 1 12246 q 442 0.5 .34 

AC 2 
Af.e, 1 2773 100 0.5 .08 

AJ,Cq 1 29192 1054 0.5 .80 

BC 2 
B l,C l, 1 70446 2543 0.5 1.93 

B .fq 1 1459 53 0.5 .04 

ABC 2 

Ai.e,CJ, 1 40729 1470 0.5 1.12 

A i,B .e,Cq 1 2849 103 0.5 .08 

E 11 
E.e, 1 21779 786 0.5 .60 

E 1 1168 42 0.5 .03 q 
E 1 32 - - 0 

C 

AE 11 
A .e,E l, 1 5698 206 0.5 .16 

A.e,Eq 1 98 3.5 - 0 

A.e,Ec 1 7 - - 0 

BE 11 
B 1,E l, 1 477 17 0.5 .01 

B J,Eq 1 42 - - 0 

B J,Ec 1 23 - - 0 

(Continued) 
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TABLE 15. (CONTINUED) 

Source of Degrees of Mean F Significance Percent of 
Variation Freedom Square Value Level,% Total Variation 

ABE 11 
A 1,B 1,E J, 1 93 3.4 - 0 

A ;,B ;,Eq 1 5 - - 0 

A ;,B J,Ec 1 6 - - 0 

CE 22 
C ;,E J, 1 34377 1241 0.5 .94 

CJ,Eq 1 1179 43 0.5 .03 

C J,Ec 1 204 7 .4 5.0 .01 

CqE J, 1 346 12 .5 0.5 .01 

C E 1 18 - - 0 q q 
C E 1 1 - - 0 q C 

ACE 22 
A J,C J,E J, 1 0 - - 0 

A J,C ;,Eq 1 63 - - 0 

A J,C J,Ec 1 29 - - 0 

AfqE J, 1 713 25.7 0.5 .02 

Af E 1 59 - - 0 q q 
Af E 1 3 q C 

- - 0 

BCE 22 
Bf J,E J, 1 2 - - 0 

B J,C ;,Eq 1 72 2.6 - 0 

Bf J,Ec 1 5 - - 0 

BJ,CqE J, 1 1 - - 0 

B J,C E 1 3 - - 0 q q 
B J,CqEc 1 4 - - 0 

ABCE 22 

Total 143 

(Continued) 
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TABLE 15. (CONTINUED) 

Source of Degrees of Mean F Significance Percent of 
Variation Freedom Square Value Level, % Total Variation 

Residual* 75 ** 27.7 

* Includes all four-factor interactions, time, and time interactions 
beyond the third-order terms. 

** Twenty-seven degrees of freedom were removed from residual due to 27 
missing data points. 

Legend 

A - Temperature during loading 

B - Curing history 

C - Radial stress 

E - Time after loading 

t - Linear variation 

q - Quadratic variation 

c - Cubic variation 
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TABLE 16. ANALYSIS OF VARIANCE FOR AXIAL CREEP, MODEL B 

Source of Degrees of Mean F Significance Percent of 
Variation Freedom Square Value Level,% Total Variation 

C 1 329884 16831 0.5 23.67 

D 1 857715 43761 0.5 61.54 

CD 1 151829 7746 0.5 10.89 

E 11 

E.t 1 36214 1848 0.5 2.60 

E 1 2025 103 0.5 .15 q 
E 1 405 21 0.5 .13 

C 

CE 11 
C J,E J, 1 7554 385 0.5 .54 

Ciq 1 108 5.5 5.0 .01 

cic 1 1 - - 0 

DE 11 
D J,E J, 1 5827 297 0.5 .42 

D J,Eq 1 406 21 0.5 .03 

D J,Ec 1 54 - - 0 

CDE 11 
C J,D J,E J, 1 1058 54 0.5 .08 

C J,D iq 1 8 - - 0 

C D E 1 23 - - 0 

Total 47 

Residual* 32 19.2 

* Includes all time and time interactions beyond the third-order terms. 

Legend 

C - Radial stress 

D - Axial stress 

E - Time after loading 

.t - Linear variation 

q - Quadratic variation 

c - Cubic variation 
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TABLE 17. ANALYSIS OF VARIANCE FOR RADIAL CREEP, MODEL B 

Source of Degrees of Mean F Significance Percent of 
Variation Freedom Square Value Level, % Total Variation 

C 1 2069652 67196 0.5 94. 74 

D 1 55301 1795 0.5 2.53 

CD 1 11197 364 o.s .51 

E 11 
E..e, 1 28686 931 0.5 1.31 

E 1 1110 36 0.5 .05 q 
E 1 77 2.5 - 0 

C 

CE 11 

ci1, 1 16039 521 0.5 .73 

ciq 1 974 32 0.5 .OS 

cic 1 188 6.1 5.0 .01 

DE 11 
D J,E ..e, 1 164 5.3 s.o .01 

D J,Eq 1 7 - - 0 

D J,Ec 1 1 - - 0 

CDE 11 
Ci J,E J, 1 271 8.8 5.0 .01 

C J,D J,Eq 1 58 - - 0 

C ..e,D J,Ec 1 3 - - 0 

Total 47 

** Residual* 25 30.8 

* Includes all time and time interactions beyond the th!rd-order terms. 

**Seven degrees of freedom removed from residual due to seven missing data points. 

C - Radial stress 

D - Axial stress 

E - Time after loading 

Legend 

J, - Linear variation 

q - Quadratic variation 

c - Cubic variation 
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residual was then reduced by the number of degrees of freedom lost due to 

missing points. This caused no noticeable error since the factors found to be 

significant before any of the gages failed were also s~gnificant over the 

entire period at approximately the same percent of the total variations. 

A review of the AOV (Tables 14 through 17) showed that the test variables 

found to significantly affect axial creep were usually found to significantly 

affect radial creep also. In addition, the same variables found significant 

in Model A were likewise significant in Model B. All of this adds credence 

to the analysis and the selection of those factors and their interactions 

believed to significantly affect creep. 

Most interaction effects involving axial stress could not be evaluated 

due to the factorial limitations of the two models. It is believed, however, 

that those interaction effects involving radial stress which were found sig­

nificant will also be found significant in axial stress interactions. This 

theory is demonstrated graphically in the next section. 

A summary of the significant factors and their interactions for both 

models is presented in Table 18. This table is divided into three categories, 

those variables having practical significance, those variables found to be 

highly significant, and those termed as statistically significant. Variables 

of practical significance were generally considered to be those variables that 

contributed at least 0.25 percent to the total variation. Highly significant 

is defined as a probability level less than 0.005, while statistically signi­

ficant is defined as a probability level between 0.005 and 0.01. Only those 

factors shown to be of practical significance will be discussed because (1) 

the less significant factors have little actual effect on the total variation; 

(2) the error mean square used in the F-test probably was too small causing 

more factors to appear significant, and (3) which is of primary interest, these 

are the effects of practical value to the engineer. The less significant 

factors are mentioned because (1) under controlled test conditions their 

effects could be measured; (2) they appear to have some effect on creep; and 

(3) in later creep investigations these variables may be shown to be more 

important, particularly for concrete under load for time periods exceeding 

one year. 
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TABLE 18. SUMMARY OF SIGNIFICANT FACTORS 

Significance Level 

Practical 
Significance 

Highly 
Significant 
a = .005 

Statistically 
Significant 
a = .OS 

C + C 
q 

D 

A 

B 

CD 

E+E 
q 

AC+ AC 

* Axial Creep 

(D) 
q 

q 
(AD + AD ) 

q 

CE+ CE 
q 

BC+ BC (BD + BD) 
q q 

ABC+ ABC (ABD + ABD) 
q q 

DE 

AB 

AE 

ACE 
q 

E 
C 

ACE 

ABE 

BCE 
q 

CDE 

ACE 
q 

BE 
q 

CE 
q 

(DE ) 
q 

+BCE 
q q 

Radial Creep* 

C + C 
q 

D 

B 

BC 

ABC+ ABC 
q 

CE 

AC+ AC 

E 

CD 

A 

AB 

AE 

CE 

BC 

E 
q 

q 

q 

ACE 
q 

BE 

CE 
C 

DE 

CDE 

q 

(D) 
q 

(BD) 

(ABD + ABD) 
q 

(AD + AD ) 
q 

Legend 
A - Temperature during loading 
B - Curing history 

* 

C - Radial stress 
c - Cubic variation 

D - Axial stress 
E - Time after loading 
q - Quadratic variation 

Axial stress variables or interactions in parentheses could not be evaluated 
by the models, but are expected to be as significant as those for radial stress. 
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FACTORS AFFECTING CREEP 

Excluding nonlinear terms, 11 effects were found to have practical 

significance. They included all five main effects, 5 two-factor interactions, 

and 1 three-factor interaction. 

As expected, all main effects were found to significantly affect creep 

behavior and it was observed that both compressive and tensile creep strains 

were larger for 

(1) 

(2) 

(3) 

~) 

0 0 
a test temperature of 150 F than for 75 F, 

air-dried specimens than for as-cast specimens, 

increased time under load, and 

higher stress levels for uniaxial and biaxial states of stress. 

These main effects are consistent with previous findings and are not of 

particular importance except as an indication of an average trend and the rel­

ative importance of each. The actual effect for any given set of conditions 

is dependent on the other factors as evidenced by the large number of two and 

three-factor interactions which were found to be significant. Thus, main ef­

fects should not be. considered without first evaluating the interactions among 

factors. 

These significant interaction effects have been graphically illustrated 

by plotting the creep strain results for specific specimens, or test conditions, 

which involve the factors being considered and for which the creep strain be­

havior is typical of the interaction effect being considered. Where possible, 

specimens outside of the statistical models were used to demonstrate that the 

inferences found in the model applied to the entire experiment. These graphi­

cal relationships were often constructed by connecting points with a straight 

line, but this is not meant to imply that a linear relationship exists. In 

reality the relationships could be either linear or nonlinear. 

Three-Factor Interaction 

Temperature x Curing History X Radial Stress (Interactions AxBXC and 

AxBXC. The interaction effect involving temperature during loading, curing 
g 

history, and radial stress was highly significant for both a linear and a 

nonlinear stress term. The three-factor interaction effects for axial and 

radial creep strains are shown in Figs 23 and 24, respectively, by the three­

dimensional response surfaces derived from the creep results of 12 specime~s. 
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Generally, these figures show that air-dried specimens exhibited more compres­

sive creep strain than as-cast specimens and that specimens loaded at 150° F 

exhibited greater compressive and tensile creep strains than specimens loaded 

at 75° F. As radial stress increased under a high axial stress, the axial 

creep strains decreased, while the radial creep strains changed from tensile 

to compressive strain. The nonlinear effect was estimated by the quadratic 

radial stress factor in the term AxBXC • q For both axial and radial creep 

strains, it was noted that the air-dried and as-cast response surfaces generally 

sloped upward toward the point of highest radial stress and highest tempera­

ture. In the case of axial creep strain, the increase was greater for the as­

cast specimens than for the air-dried. This suggests that under a high state 

of stress at elevated temperatures, axial creep strains in the as-cast and air­

dried concrete approach the same magnitude. In the case of radial creep 

strain, the increase was larger for air-dried specimens, and in addition the 

strains changed from compression to tension as the response surface sloped 

toward the point of lowest temperature and radial stress. 

Temperature X Curing History X Axial Stress (Interaction AxBXD). Although 

not contained in the models, this interaction is similar to the previously 

discussed interaction. The AxBXD interaction is shown graphically in Figs 25 

and 26. it may be noted that the interaction effect for axial creep strain 

(Fig 25) is similar to that for radial creep (Fig 24) and that the interaction 

for radial creep strain (Fig 20) is similar to that for axial creep (Fig 23). 

One important exception is that the air-dried specimens exhibited larger tensile 

creep strains than the as-cast, particularly at the highest stress level. The 

test results seem to indicate that an as-cast concrete will exhibit more ten­

sile creep strain than an air-dried concrete, except under very high stress 

levels when very high tensile strains are produced. The experimental design 

does not allow the nonlinearity of axial stress with curing history and temper­

ature to be evaluated; however, the AxBxD interaction is expected to be curvi­

linear, as was the AxBXC interaction. 

Two-Factor Interactions 

From a total of 21 two-factor interactions evaluated, including nonlinear 

terms, eight were found to be of practical significance. These interactions 

are discussed in the following sections. 
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Temperature During Loading x Radial Stress (Interactions AxC and AxC ). 

Temperature during loading and radial stress combined to produce a pronounced 

interaction effect, as shown in Fig 27, for two different states of stress. 

It can be seen that as the radial stress increased, the absolute magnitude of 

the axial and radial creep strains generally increased, but that the increase 

was greater in specimens at 150° F, resulting in an interaction effect. Under 

a relatively high axial stress, however, as shown in Fig 27b, increasing the 

radial stress from zero decreased the creep strain in the axial direction. In 

this case, the decrease in axial creep was greater at 150° F than at 75° F. 

This suggests that if an increase in radial stress increases creep strains in 

a given direction, the increase is greater for specimens at the higher tem­

perature, and if, on the other hand, an increase in radial stress decreases 

creep strains in a given direction, the decrease in creep strains is greater 

for the higher temperature. Figure 27b also illustrates the significant 

nonlinear effect of radial stress with temperature. 

This interaction might be expected, since a rise in temperature signifi­

cantly decreases the apparent strength of concrete (Refs 37 and 59), there­

fore increasing the creep potential. This does not mean to imply that the 

difference in strength is the total explanation, since strength itself is a 

response to more complex intermolecular activity and physiochemical behavior 

of the internal structure of the concrete. 

Temperature During Loading x Axial Stress (Interaction AxD). Again this 

effect could not be evaluated by the models; however, a similar interaction 

effect appeared to exist between temperature and axial stress as illustrated 

by Fig 28. As in Fig 27, if an increase in axial stress produced an increase 

or a decrease in the axial or radial creep strain, the magnitude of the effect 

was greater for specimens at 150° F than for specimens at 75° F. The one ex­

ception was for radial creep strains (Fig 28a) in which the effect, reduced 

compressive str,'iins, was greater at 75° F, and it is believed to be due to 

experimental error rather than a characteristic of creep. 

Curing History x Radial Stress (Interactions BXC and BXC ). The inter-

action effect involving curing history and radial stress (Fig 29) was similar 

to that of the temperature x radial stress interaction for compressive creep 

strains. If the stress conditions produced greater compressive creep strains 

in a given direction with an increase in stress, then the increase was much 
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greater for air-dried than for as-cast specimens. If, however, the stress 

conditions produced less creep in a given direction with an increase in stress, 

then the decrease or absolute magnitude of the effect was slightly greater 

for as-cast specimens. The cause of this interaction is believed to be similar 

to that suggested for the interaction effect involving temperature and stress, 

since the air-dried specimens exhibited considerably less strength than the 

as-cast specimens (Chapter 3). This means that the air-dried specimens had 

a higher creep potential than the as-cast specimens, and when creep increased 

with increase in stress, creep strains in the more creep susceptible concrete 

increased at a higher rate. The nonlinear effect of stress is also shown in 

Fig 29a and the curvature is similar to that associated with the temperature x 

radial stress interaction. 

It also appears that the air-dried specimens exhibited more creep strain 

than the as-cast specimens except when the creep strains were tensile. Thus, 

it appears that air-dried concrete exhibits less tensile creep strain than as­

cast concrete at relatively low tensile strains. Gopalakrishnan et al (Ref 

25) found from uniaxial tests at moisture conditions comparable to those used 

in this study that the tensile creep strains of dry concrete were lower than 

those of concrete specimens maintained at 98 percent relative humidity. It is 

believed, however, that this is not true under stress conditions that produce 

relatively large tensile strains at high temperatures. 

Curing History x Axial Stress (Interaction BXD). This effect, also, could 

not be evaluated by the models; however, an interaction appeared to exist be­

tween curing history and axial stress similar to that between curing history 

and radial stress. This effect is illustrated in Fig 30 by specimens under two 

different states of stress. It can be seen that the interaction effect is 

very similar to the interaction involving curing history and radial stress, 

which was discussed above and illustrated in Fig 29. 

Radial Stress x Axial Stress (Interaction CXD). The interaction effect 

between axial and radial stress is shown in Fig 31 for various states of 

stress. Figure 31a indicates that increased radial stress either caused a 

decrease in the axial compressive strains for high axial stresses or produced 

an increase in axial tensile strains when the axial stress was relatively low. 

In any event the effect was much greater for lower axial stress levels. 

Similarly (Fig 31b), an increased radial stress increased the radial compressive 
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strains and the rate of the increase was greater at the low axial stresses. 

Moreover, Fig 31 indicates that increasing the confining pressure in all 

principle stress directions reduced the rate of increase, or decrease, in 

creep strain. This suggests that concrete under a hydrostatic state of stress 

has a greater apparent strength and a lower apparent modulus of elasticity, 

and, thus, less creep occurs than for a concrete under an equivalent uniaxial 

state of stress. In a recent experimental study on the mechanical properties 

of concrete under triaxial loading, Gardner (Ref 20) stated that failure 

strength increases with an increase in confining pressure. Since the con­

crete is apparently stronger under triaxial states of stress, the increase in 

rate of creep with increasing confining pressure is less, resulting in the in­

teraction effect. 

There also appears to be a curvilinear interaction between axial and 

radial stress, although the nonlinear effects could not be evaluated by 

the models. 

Radial Stress X Time After Loading (Interaction CXE). Typical examples 

of this interaction effect are shown in Fig 32 for two different states of 

stress, moisture conditions, and temperatures. It can be seen that com­

pressive and tensile creep strains generally increased with increased radial 

stress. If the increase in radial stress increased the creep strain in a 

given direction, then the rate of increase was greater the longer the speci­

mens were under load. Conversely, if an increase in radial stress produced 

less creep strain in a given direction, then the rate of decrease in creep 

strain was greater the longer the specimens were under load. Generally, 

thes.e effects have been recognized for some time, although not termed as 

interaction effects. 

These curves also show curvilinear effects of both stress and time. The 

analysis of variance tables show that the nonlinear factors of time and stress 

were significant, although not as significant as the linear terms between 56 

and 364 days after loading used in the models. 

Axial Stress X Time After Loading (Interaction DXE). In a similar 

manner, there was a highly significant interaction between axial stress 

and time after loading (Fig 33). Here again the curvilinear effects of 

both time and stress were evident. 
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Main Effects 

All five main effects were found to be very highly significant, including 

the nonlinear terms of radial stress and time after loading. This was expected 

since all five main variables have been shown in the literature to affect 

creep. The effects produced by these factors are illustrated in Figs 34 

through 50 for a variety of loading and test conditions. These figures are in 

effect summary illustrations of the results shown by the previous interaction 

curves and as such are not classical main effects. 

Temperature During Loading (Factor A). The general effects of temperature 

on axial and radial creep strains for a variety of stress conditions are shown 

in Fig 34. In all cases compressive and tensile creep strains were increased 

by increasing the temperature from 75 to 150° F; however, the increase asso­

ciated with increased temperature was greater under high stress conditions. 

These interactions are similar to those previously discussed and shown in 

Figs 27 and 28. 

Curing History (Factor B). The general effects of curing history 

on axial and radial creep strains for a variety of stress conditions are shown 

in Fig 35. The air-dried specimens exhibited more compressive creep strain 

than the as-cast specimens for stress conditions that produced compressive 

creep, but for conditions which produced relatively low tensile creep strains 

the air-dried specimens exhibited less tensile creep strain than the as-cast 

specimens. It should be noted that the increase in strain associated with 

air-drying was larger for higher stress conditions. 

Radial Stress (Factors C and C ). Figure 36 shows the general effects 

of radial stress on axial and radial creep strains for a variety of axial 

stresses. For high axial stresses, the effect was to reduce axial creep 

strain and to change radial creep strain from a state of tension to a greatly 

increased rate of compression. For low axial stresses, increasing radial 

stress changed axial creep strain from a state of compression to an increasing 

tension and changed radial creep strain from tension to increasing compression. 

Of considerable importance is the apparent curvilinear relationship between 

stress and creep strain, particularly for multiaxial states of stress. It is 

believed that the direction of curvature changes as the creep strain changes 

from tension to compression. 
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Axial Stress (Factors D and D ). The general effects of varying axial 

stress on axial and radial creep strains for a variety of radial stresses are 

shown in Fig 37. The observations associated with axial stress are similar in 

nature to those indicated for radial stress. It should be noted, however, 

that there was not as much curvature associated with the uniaxial states of 

stress as with the triaxial. 

Time After Loading (Factors E and E ). Typical time versus creep strain 

relationships are shown in Figs 38 through 50, arranged to illustrate the ef­

fects of time after loading with each of the main variables for a variety of 

loading conditions. As expected, compressive and tensile creep strains in­

creased with time after loading and at a decreasing rate, and, also, the 

greater the initial elastic strain in a given direction was, the larger the 

total creep. strain and creep rate. 

Time-creep strain curves illustrating the influence of temperature during 

loading and time on axial and radial creep strains are shown in Figs 38 and 39, 

respectively, and the influence of curing history in Figs 40 and 41, re­

spectively. These figures indicate that creep strains for the curing histories 

and temperatures used in this experiment were generally unaffected by time 

at the later ages after loading, which means that there were no significant 

interactions between time and temperature during loading or between time and 

curing history. 

Time-creep strain relationships demonstrating the time effects of varying 

radial stress on axial and radial creep strains for both a high and a low ax~al 

stress are shown in Figs 42 through 45. Curves exemplifying the time effect 

of varying axial stress on creep strain for a high and low radial stress are 

shown in Figs 46 through 49. As seen in these figures, increasing the stress 

at right angles to an applied uniaxial or biaxial stress field reduced the 

creep strain in the direction of these applied stresses while increasing the 

compressive creep strain in the direction of the increasing stress field. It 

is obvious that considerable creep strain occurred under hydrostatic states 

of stress and was still continuing after one year under load. Similar obser­

vations were recently reported by Hannant (Ref 27) and Gopalakrishnan et al 

(Ref 24) 

In addition and for the sake of comparison, the time-creep strain rela­

tionships depicting the time effects on creep of varying axial stress for 
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uniaxial states of stress are shown in Fig 50. The comparison again indicates 

that a greater degree of nonlinearity exists between stress and creep strain 

for triaxial than for uniaxial states of stress. 

Sunnnary Evaluation 

This report was designed to investigate the effects produced by all five 

factors and their interactions; however, it was not necessarily intended to 

explain their causes or advance another theory on creep mechanisms. Neverthe­

less, it is desirable where practical to advance a logical explanation or to 

hypothesize concerning the cause of the observed behavior. 

From the analyses of variance and a review of the previous discussion 

and illustrations, it is obvious that the applied stress, particularly radial 

stress, was by far the most important factor affecting creep within the range 

of this experiment. Stress was not only highly significant in itself, it also 

produced highly significant interactions with each of the other factors in­

vestigated. This is not surprising since creep strain is usually considered to 

be proportional to stress at the lower stress levels and is nonlinear at higher 

stresses, resulting in progressively larger creep strains as stress increases. 

Radial stress was generally more significant than axial stress since it in­

volved two, rather than one, principal stresses. In addition, larger creep 

strains generally occurred in specimens which exhibited large initial elastic 

strains. 

All of the five main factors investigated very significantly affected 

creep. It was shown that compressive and tensile creep straiss were generally 

larger for 

(1) 

(2) 

(3) 

(4) 

0 0 a test temperature of 150 F than for 75 F, 

an air-dried concrete than an as-cast concrete (except in the case 
of low tensile creep where the reverse was true), 

increased time after loading, and 

higher stresses for uniaxial and biaxial states of stress. 

For triaxial states of stress, creep strain increased or decreased depending 

on the magnitude of the changing stress and the stress direction. For a high 

constant stress in the axial direction, increasing the stress from zero in 

the radial direction decreased the compressive creep strain in the axial 

direction and changed the creep strain from tension to increasing compres­

sion in the radial direction. Likewise, for a high constant stress in the 
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radial direction, increasing axial stress reduced the radial compressive creep 

strain and changed axial creep strain from tension to compression. When the 

constant stress in the above cases was relatively low, an increase in stress 

in the direction perpendicular to the constant stress changed the creep strain 

in the direction of the constant stress from compression to tension and in the 

direction of the changing stress from tension to increasing compression. Thus, 

a definite creep Poisson's effect was evident. 

The effects of the major interactions indicated generally that increasing 

the level of stress increased the creep strains but that the increase was 

larger for specimens at the higher temperature relative to the lower tempera­

ture and for the air-dried specimens relative to the as-cast specimens, except 

for specimens exhibiting small tensile creep strains. In addition, the in­

crease was larger after longer periods under load. Increasing the confining 

pressure, however, tended to reduce the overall creep strains. In all but the 

time-stress interaction case, it can be reasoned that the interactions were 

related to the effective strength of the concrete during loading since con­

cretes with a low effective strength generally exhibit larger creep strains 

under a given stress. High temperatures during loading and air-dried curing 

tended to reduce effective strength, while confining concrete tended to in­

crease its effective strength. The interaction with time, on the other hand, 

is more complicated and will not be discussed in this report. 

PREDICTION EQUATIONS 

The complexity of the creep behavior of concrete, as evidenced by the 

large number of interactions found to significantly affect creep strain, makes 

it extremely difficult to estimate the creep behavior of concrete except in 

terms of regression equations. Thus, in order to be able to predict quanti­

tatively creep strains in terms of the factors evaluated in the experimental 

investigation, predictive equations were developed by regression techniques. 

Two types of equations for predicting creep strains in plain concrete 

were developed by stepwise regression analyses. These are denoted as the 

Model A and Model C equations. The Model A equations were developed from an 

orthogonal coding of a full factorial arrangement of treatments while Model C 

was not. 
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Model A Equations 

These equations were developed from the Model A used in the analysis of 

variance (AOV) except that the time variable (Factor E) was changed from an 

arithmetic to a logarithmic scale. The advantage of this modification was 

generally to eliminate the significance of the nonlinear time terms and, thus, 

to reduce the total nmnber of terms in the prediction equation. This modifi­

cation also produced equations which fit the test data slightly better than 

those produced using an arithmetic time term. This indicates that creep 

varied more nearly with the log10 of time than with the combined linear, 

quadratic, and cubic effects of time. 

Since Model A was orthogonal, the terms in the derived equations were 

identical in form and in relative influence to those factors and interactions 

found to significantly affect creep in the analysis of variance. However, 

in order to make the equation more usable, the coefficients which were ·based 

on coded levels were decoded so that the actual values could be input in the 

equation. The resulting prediction equations are shown below. 

Y = -135.9 - 0.4312A + 75.7024B - 14.2707C + 0.1365C2 
a 

+ 92.6104E + 0.1357AC - 0.0012AC2 + 3.2829CE + 15.2833BC 

- 0.1258BC2 - 0.1184ABC + 0.0009ABC2 + 0.8910AB 

+ 0.0005AC2E - 0.0363C2E + 0.9800AE 

Y = 228.5 - 2.2103A - 90.2720B - 9.7774C - 0.0470C2 
r 

- 85.5198E + 5.9747BC + 1.3665CE - 0.0363ABC 

- 0.0003AC2 + 0.8176AB + 0.6582AE 

(5.1) 

(5.2) 
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Y = predicted value of axial creep strain, micro-units; 
a 

Y = predicted value of radial creep strain, micro-units; 
r 

A = the temperature during loading,° F; 

B = curing history prior to loading (use values of 0.5 for 
as-cast and 1.0 for air-dried); 

C = axial stress/radial stress, percent; 

E = log10 time after loading, days. 

The multiple correlation coefficient for both equations was 0.99 and 

the respective standard errors of estimate for axial and radial strains were 

±7 and ±9 micro-units. The first nine terms of each equation, however, were 

sufficient to produce adequate creep estimates for most practical uses. 

These first nine terms have multiple correlation coefficients of 0.98 and 

0.99, and standard errors of estimate of ±20 and ±15 micro-units. The re­

maining terms in the above equations primarily add more precision for fitting 

the equations to the experimental data. 

The use of these equations should be limited to the range of the test 

conditions defined by Model A: 

(1) Concrete loaded approximately 90 days after casting; 

(2) 28-day, standard cured, unconfined compressive strength of approxi­
mately 6000 psi; 

(3) 

(4) 

(5) 

0 0 
loading temperatures in the range of 75 ~ to 150 F; 

concrete cured by procedures similar to those defined as as-cast 
or air-dried, and sealed during loading period; 

time after loading in excess of approximately 50 days; 

(6) radial pressures that do not exceed the axial stress by more than 
approximately 25 percent; and 

(7) axial stresses of about 2185 psi, except when a correction factor 
is used as noted in the discussion below. 

It should be possible to estimate creep strains for a range beyond 364 

days with reasonable reliance; however, less confidence can be placed in the 

results since the inference space is exceeded. Creep strains predicted for 
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time periods beyond 364 days will probably be somewhat larger than the actual 

strains experienced. 

The axial stress in Model A was constant at an average value of 2185 psi. 

However, rough estimates of creep strains for axial stresses up to approxi­

mately 3200 psi may be calculated with Eqs 5.1 and 5.2 by multiplying the 

results by the axial stress divided by 2185 psi. Tilis, of course, assumes 
I 0 that creep is proportional to stress below 0.5f. Temperatures of 75 F and 
C 

150° F and curing histories coded as 0.5 and 1.0 for as-cast and air-dried 

concrete were used in these equations. In evaluating creep strains for the 

intermediate values of temperature and curing history, it must be assumed 

that linear relationships exist between the high and low values used in this 

experiment. For curing histories that cannot be described as either as-cast 

or air-dried, some estimate ranging from 0.5 to 1.0 should be used in the re­

gression equations. Such a procedure for estimating creep strains for inter­

mediate values of these variables should produce little error. 

Model C Equations 

Model C was used to develop a more general set of equations to predict 

creep strains involving all test conditions in the experiment. The selected 

multilinear regression model for expressing creep strain in relation to all 

five test variables was as follows: 

y = K + A + B + C + D + E + AB + c2 + AC + AC2 + BC + BC2 

+ABC+ ABC2 + D2 +AD+ AD2 + BD + BD2 + ABD + ABD2 



133 

where 

y = an individual creep strain observation, 

K = equation constant, 

A = influence of temperature, 

B = influence of curing history, 

C = influence of radial stress, 

D = influence of axial stress, 

E = influence of time, 

R = residual lack of fit. 

Model C involved the results from all specimens, or test conditions, in 

the experiment which had gages that were considered to be functioning 140 days 

after loading. 'Ihe regression analysis incorporated the available creep strain 

results from 37 specimens (Table 19) and thus used all available factors and 

levels of factors to develop the prediction equation. As with the previous 

models, the low level of time was set at 56 days after loading. Since these 

test conditions (Table 19) could not be factorially arranged, an orthogonal 

coding of the data was not possible. 'Ihis means that no specific quantitative 

measure of significance can be attached to any term in the derived equations, 

since these terms are highly correlated with each other. 'Ihus, the prediction 

equations developed from Model Care a collection of terms that provided the 

best estimate of the creep strains; however, the individual terms taken sepa­

rately have no significant meaning. 

Two sets of prediction equations were developed from Model C: one for 

stress conditions in which axial stress was larger than or approximately equal 
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TABLE 19. MODEL C TEST CONDITIONS 

Temperature, Number of Data Points 
Stress, psi 

OF 
Curing Axial Radial 

Axial Radial Hi'story Specimen Creep Creep 

527 0 75 As-Cast E-39 12 12 
527 0 75 Air-D--ried E-40 12 12 
561 0 150 Air-Dried B-1 12 11 

1102 0 150 As-Cast D-15 12 7 
1102 0 150 Air-Dried D-22 12 12 
2179 0 75 As-Cast B-7 12 12 
2179 0 75 Air-Dried B-19 12 12 
2123 0 150 As-Cast F-33 10 4 
2123 0 150 Air-Dried F-34 12 5 
3450 0 150 As-Cast B-16 - 7 

562 600 75 As-Cast E-5 12 12 
562 600 75 Air-Dried E-13 12 12 

2139 600 75 As-Cast C-23 12 12 
2139 600 75 Air-Dried C-11 12 12 
2259 600 150 As-Cast E-18 5 6 
2259 600 150 Air-Dried E-4 12 6 
2147 2400 75 As-Cast F-9 12 12 
2147 2400 75 Air-Dried F-30 12 12 
2268 2400 150 As-Cast G-9 12 12 
2268 2400 150 Air-Dried G-19 12 12 
3449 1200 75 As-Cast D-26 12 12 
3449 1200 75 Air-Dried D-44 - 12 
3472 3600 75 As-Cast D-31 12 12 
3472 3600 75 Air-Dried D-40 12 12 
3474 3600 150 As-Cast F-20 - 7 
3474 3600 150 Air-Dried F-6 12 4 

0 600 75 As-Cast F-13 12 12 
0 600 75 Air-Dried F-42 12 12 
0 600 150 As-Cast A-35 7 12 
0 1200 150 As-Cast I-27 5 5 
0 1200 150 Air-Dried D-3 10 7 
0 2400 150 As-Cast E-43 - 6 
0 3600 75 As-Cast H-22 5 5 
0 3600 75 Air-Dried H-14 5 -

536 3600 75 As-Ca$t G-35 12 12 
536 3600 75 Air-Dried G-30 12 -

1086 2400 150 Air-Dried D-41 12 12 

Total data points used 359 344 
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to the radial stress and a second set for stress conditions in which the 

radial stress was much larger than the axial stress. 

The prediction equations obtained for estimating creep strains when the 

axial stress was larger than or approximately equal to the radial stress are 

as follows: 

where 

Y = 13.30 + 27.78AC2 - 0.6549ABC - 5.677AD + 17.43AD2 
a 

+ 462.2BD2 - 1075C2D2 - 29.55ACD - 1.971ACLog10E 

Y = 17.97 - 602.8C + 3467C2 - 24.58AC2 + 117.lBC r 

+ 800.6BC2 - 6.334ABC2 - 8239C2D2 + 19.32ACD2 

2 2 + 56.21AC D + 2.23ACLog10E + 241.9CLog10E 

- 88.45DLog10E 

Y = predicted value of axial creep, micro-units; a 

Y = predicted value of radial creep, micro-units; r 

A = temperature during loading,° F; 

(5.3) 

(5.4) 

B = curing history prior to loading (use values of -1 for as­
cast and +1 for air-dried concrete); 

C = ratio of radial load to the 28-day, unconfined compressive 
strength of standard cured specimens; 

D = ratio of axial load to the 28-day, unconfined compressive 
strength of standard cured and tested concrete specimen; 

E = time after loading, days. 
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The multiple correlation coefficients for predicting axial and radial 

creep strains by Eqs 5.3 and 5.4 were both 0.99, and the respective standard 

errors of estimate were ±21 and ±12 micro-units. 

Likewise, the equations obtained for cases when the radial stress was 

much larger than the axial stress are 

Y = 9.358 - 381.8C + 30.57ABD2 + 4547C2D 
a 

Y = -115.5 + 0.6940A + 4929BC2D + 0.2439BCE r 

- 2.998ACLog10E + 824.lCLog10E 

where the terms are identical to those for Eqs 5.3 and 5.4. 

(5.5) 

(5 .6) 

The multiple correlation coefficients for Eqs 5.5 and 5.6 were both 0.99, 

and the respective standard errors of estimate were ±10 and ±12 micro-units. 

Equations 5.3 and 5.4 predict axial and radial creep, respectively, for 

states of stress in which the axial stress is larger than or approximately 

equal to the radial stress. These equations are more versatile prediction 

equations than the equations developed from Model A because all test vari­

ables in the experiment were used to arrive at a predicted value of creep 

strain. However, the first six limiting conditions that are applicable to 

the Model A equations also apply to these equations. In addition, the stress 

levels used in the equations should not exceed approximately 0.6f 1 • 
C 

Equations 5.5 and 5.6 are very limited because of the small number of 

test conditions available to develop general prediction equations. These 

equations estimate axial and radial creep strains for stress conditions in 

which radial stress is much larger than the axial stress; however, the use of 

these equations is restricted to the first five limiting conditions applicable 

to the Model A equation and to a triaxial state of stress in which the axial 

stress does not exceed the radial stress by more than about 20 percent. 
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CREEP POISSON'S RATIO 

'llle existence and magnitude of a creep Poisson's ratio (CPR) has not 

been completely resolved due to somewhat conflicting reports. Some investi­

gators, e.g., Ross (Ref 55) and Furr (Ref 19), found that there is no creep 

Poisson's effect or that CPR is approximately zero; L'Hermite (Ref 43) and 

Glanville and 'lllomas (Ref 22) indicated that the magnitude of CPR was approxi­

mately 0.05, while Polivka et al (Ref 51), Duke and Davis (Ref 15), Hannant 

(Ref 27), and Gopalakrishnan et al (Ref 24) claimed that creep Poisson's ratio 

was approximately equal to the elastic Poisson's ratio. Part of this dis­

crepancy was probably due to the different test conditions and part to the 

different methods used to determine the magnitude of creep Poisson's ratio. 

Several investigators (Refs 24 and 27) have recently reported values 

for creep Poisson's ratio under multiaxial states of stress, but each used 

different methods to determine its value. 'llle magnitude of CPR under multi­

axial stresses depends on the investigator's definition of .CPR or the method 

used to calculate its magnitude. 'lllis fact should be considered when evaluat­

ing the CPR results of different researchers. 'llle methods used by most in­

vestigators to determine CPR under uniaxial stresses, however, have been 

essentially the same. 

In this report creep Poisson's ratios for all states of stress were 

calculated by Eq 4.1, which was derived from theory of elasticity by sub­

stituting the appropriate creep strains for elastic strains. Tilis equation 

is another method for calculating creep Poisson's ratio for multiaxial states 

of stress. 

Creep Poisson's ratios for all specimens at various times during the 

loading period are presented in Table 20. Excluding specimens subjected to 

hydrostatic stress conditions and specimens into which oil penetrated, creep 

Poisson's ratio averaged about 0.10. Values 84 days after loading ranged 

from 0.16 to 0.28, averaging 0.17. It was found that the CPR values and 

elastic Poisson's ratios for most hydrostatic stress conditions were generally 

substantially larger than for the other stress conditions. 

Included in Table 20 are the average creep Poisson's ratios for the 

various environmental test conditions at various times after loading. Al­

though these averages are slightly biased due to differences in loading 

conditions, the averages do offer a general indication as to the effect of 



Specimen 

B-7 
c-16x 
c-23 
D-26 
D-31 
E-5 
F-9 
F-13 
G-35 
H-22 

Average *** 

B-19 
c-11 
D-40 
D-44 
E-13 
E-40 
F-30 
F-42 
G-30 
H-14 

Average *** 

A-35 
B-16 
D-2x 
D-15 
E-18 
E-43 
F-20 
F-33 
G-9 
I-27 

Average *** 
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* TABLE 20. CREEP POISSON'S RATIO 

0 7 5 F, As-Cast 

Creep Poisson's Ratio 
Stress, psi at following days after loading 

** Axial Radial 28 84 140 224 364 Avg 

2179 0 .10 .13 .12 .13 .13 
1100 0 .22 .23 .29 .34 .41 
2139 600 .28 .23 .24 .25 .26 
3449 1200 .18 .19 .21 .21 .22 
3472 3600 -.36 .31 .31 .22 .33 .19 

562 600 .29 .08 .33 .38 .39 
2147 2400 .15 .09 .20 .20 .19 

0 600 .15 .21 .21 .23 .24 
536 3600 .18 .18 .18 .18 .19 

0 3600 .17 .17 .17 
-

.18 .18 .19 .20 .21 

75° F, Air-Dried 

2179 0 .08 .10 .09 .10 .11 
2139 600 .17 .19 .21 .22 .23 
3472 3600 .40 .41 .41 .40 .40 
3449 1200 .11 .11 

562 600 .37 .35 .38 .37 .41 0.14 · 
527 0 .10 .10 .13 .16 .24 

2147 2400 .33 .31 .32 .32 .32 
0 600 .10 .14 .13 .14 .17 

536 3600 .13 
0 3600 .14 

.12 .13 .14 .16 .19 

0 150 F, As-Cast 

0 600 .16 .18 .25 .20 
3450 0 .21 .18 
1086 0 .12 .40 .30 .38 .53 
1102 0 .15 .23 .08 .02 
2259 600 .12 .14 .14 .18 

0 2400 .20 .15 
3474 3600 .44 
2123 0 .19 .18 .15 
2268 2400 .29 .28 .31 .31 .35 

0 1200 .29 .28 .26 

.19 .19 .18 .11 

(Continued) 
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TABLE 20. (CONTINUED) 

150° F, Air-Dried 

Creep Poisson's Ratio 
Stress, psi at following days after loading 

** Specimen Axial Radial 28 84 140 224 364 Avg 

B-1 561 0 .10 .20 .11 .09 0 
c-46x 1032 0 .28 .18 .24 .27 .28 
D-3 0 1200 .17 .22 .19 .18 
D-22 1102 0 .15 .18 .06 .05 -.01 
D-41 1086 2400 .13 .12 .11 .12 .12 .12 
E-1 0 2400 .16 
E-4 2259 600 .14 .11 .10 .05 
F-6 3474 3600 .30 .30 .36 
F-34 2123 0 .15 .10 .10 
G-19 2268 2400 .26 .31 .32 .32 .36 

*** Average .14 .16 .11 .10 .04 

* Specimens which failed or had improperly functioning gages at time 

** 

*** 

considered are excluded from table. 

Average over the entire test period for all environmental test 
conditions except those loaded hydrostatically and those which oil 
penetrated. 

Averages for all specimens except those loaded hydrostatically and 
those which oil penetrated. 

x Radial pressure reduced to zero shortly after loading due to oil 
leak into specimen. 
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the various test factors on CPR. Generally, it appears that CPR was larger 

for as-cast than for air-dried specimens, was approximately 65 percent of 

the elastic Poisson's ratio, and was different for different states of stress. 

Effect of Curing History 

The effect .of curing history is shown in Fig 51 for both 75° F and 150° F 

and for canparable stress conditions. In all cases the air-dried specimens 

exhibited a lower CPR than the comparable as-cast specimens. Since it was 

shown earlier in the chapter that air-dried specimens exhibited smaller ten­

sile creep strains than comparable as-cast specimens, it would be expected 

that CPR would be less for air-dried concrete. In the case of the 75° F test 

conditions, CPR for as-cast and air-dried specimens averaged 0.19 and 0.14, 

respectively. 

The elastic Poisson's ratios at the instant of loading are also shown 

in Fig 51, at zero days after loading for the respective specimens. In most 

cases the CPR was smaller than the elastic Poisson's ratio with CPR ranging 

from 39 to 84 percent of the elastic Poisson's ratio. The gr~atest devia­

tion between elastic Poisson's ratio and CPR was for the 150° Fair-dried 

condition. 

Effect of Temperature During Loading 

The effect of temperature on CPR throughout the loading period is shown 

in Fig 52 for both moisture conditions under comparable stress conditions. 
0 It appears that the creep Poisson's ratios for specimens loaded at 150 F 

were slightly less than those loaded at 75° F; however, due to the limited 

amount of data and the scatter of the data, no definite conclusions could be 

made. Nevertheless, Hannant's results (Refs 26 and 27) were similar and 

showed that the average CPR for sealed specimens at 164° F was slightly less 

than that at 81° F, but Hannant did not state that this difference was sig­

nificant. Once again it can be seen that the creep Poisson's ratios were 

smaller than the elastic values. 

Effect of Stress 

Various states of stress appeared to influence the magnitude of CPR 

(Fig 53). For specimens subjected to the 75° F test temperature, CPR was 

lower for uniaxial and higher for triaxial states of stress, while for 
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Fig 51. Effect of curing history and time after 
loading on creep Poisson's ratio. 
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specimens subjected to the 150° F temperature, the differences were not as 

large, with CPR higher for the biaxial and lower for the triaxial case. 

Gopalakrishnan et al (Ref 24) found, however, from tests comparable to the 

75° Fas-cast case, that CPR under multiaxial compression was less than that 

under uniaxial compression. This may be due to the differences in the method 

of calculation. 

The results (Table 19) generally showed that as the difference between 

the axial and radial stress became larger, for a given state of stress, 

creep Poisson's ratio became larger. The results at 75° Falso indicated 

that CPR was higher for triaxial stress combinations in which the axial 

stress was much larger than the radial stress. This substantiates Hannant's 

tests (Ref 26), which showed this to be true not only at 81° F but also at 

164° F. Hannant indicated that a small radial stress had more effect on 

creep strain than a large radial stress for conditions of high axial stress. 

This effect was also shown earlier in this report by the significant non­

linear effects of increasing radial or axial stresses for relatively high 

constant axial or radial stresses. 

In addition, it appeared that the influence of states of stress on CPR 

was less for air-dried concrete than for as-cast concrete. 

It should be noted, however, that the above observations can be con­

sidered only as a possible trend since the data were insufficient to be con­

clusive. 

Effect of Time 

The effect of time is also shown in Figs 51 and 52. It appeared that 

CPR remained relatively constant throughout the test period, except, possibly, 

for the 150° Fair-dried test environment. In this case, however, CPR de­

creased with time and this trend could have been caused by a gradual moisture 

loss from the specimens. In any event, there were not sufficient data for 

the later portion of the loading period to draw a satisfactory conclusion, 

but it is believed that time does not significantly affect CPR. Hannant 

(Ref 27) found that CPR remained essentially constant throughout two years 

of loading and Gopalakrishnan et al (Ref 24) stated that there was no system­

atic variation of CPR with time. In the latter case, however, the specimens 

were normally loaded for only 28 days, and the maximum was three months. 
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Sununary 

Within the ranges of the test conditions investigated in this experiment, 

the following appeared to be true: 

(1) A creep Poisson's effect occurred and creep Poisson's ratio values 
ranged from approximately 39 percent to 84 percent of the elastic 
Poisson's ratio. The actual magnitude depended primarily on cur­
ing history prior to loading and the state of stress. The average 
creep Poisson's ratio throughout the test period was 0.16, which 
was approximately 65 percent of the average elastic Poisson's ratio. 

(2) The creep Poisson's ratio for air-dried concrete was approximately 
30 percent less than that for as-cast concrete. 

(3) The magnitude of stress and the state of stress influenced creep 
Poisson's ratio although this influence was less at the higher 
temperature and for the air-dried concrete. 

(4) The effects of time and temperature were inconclusive due to the 
limited amount of data during the later portion of the loading 
period; however, it appears that creep Poisson's ratio was not time­
dependent and that it was slightly smaller at the higher temperature. 

CREEP RECOVERY 

A summary of the creep recovery data is shown in Table 21. From one to 

46 percent of the creep strain at time of unloading, an average of 17 per­

cent, was recovered 84 days after the loads were released. The percentage 

of the creep recovered appeared to depend primarily on the curing history of 

the specimen. The percentage of creep recovered for the as-cast specimens 

was 18 to 46 percent greater than that for the air-dried specimens under all 

stress conditions, although the total creep strains recovered were generally 

greater for air-dried than as-cast specimens. The results of this research 

generally substantiated the results reported by Gopalakrishnan et al (Ref 25) 

for uniaxially loaded specimens in which they found that the percentage of 

axial creep strain recovered was slightly higher for wet-stored than dry­

stored cylindrical specimens. 

Neither temperature during loading, elastic strain recovery, magnitude of 

stress, nor the type of stress applied appeared to be significantly related to 

the percentage of creep recovered, as there was no systematic variation of 

creep recovery with these factors. Gopalakrishnan et al (Ref 24) found, 

however, that the percentage of creep strain recovered was approximately 20 

percent higher for multiaxial than uniaxial states of stress. 



Stress, psi 
Specimen Axial Radial 

B-7 2179 0 
.l,J C-16x 1100 0 
fl) C-23 2139 600 co 
C) D-26 3449 1200 I 
fl) D-31 3472 3600 < 

f;r., E-5 562 600 
0 E-39 527 0 
If'\ F-9 2147 2400 ...... 

F-13 0 600 
G-35 536 3600 

Average (absolute) 

't) B-19 2179 0 
(I) C-11 2139 600 •r-1 
~ D-40 3472 3600 A 
I D-44 3449 1200 ~ 

•r-1 E-13 562 600 < 
f;r., E-40 527 0 

0 F-30 2147 2400 
If'\ F-42 0 600 ...... 

G-30 536 3600 

Average 

TABLE 21. CREEP RECOVERY SUMMARY* 

Creep 364 days Creep Strain Recovered After 84 Days 
After Loading 

(x 10- 6) Axial Radial Axial Radial 
(X 10- 6) (X 10- 6) %** Axial Radial %** 

322 -42 62 -20 19 46 
100 -41 30 -13 30 31 
242 -15 54 - 6 22 
373 26 89 - 6 24 --
300 348 40 57 14 16 

24 37 12 11 48 29 
75 10 15 - 7 19 --

191 238 51 50 27 21 
- 37 57 - 7 19 20 33 
-176 614 -38 107 22 17 

24 29 

398 -43 78 20 39 
397 - 8 76 10 19 --
532 705 82 101 15 14 -- 114 116 20 -- 17 

45 77 13 13 28 17 
69 -17 21 - 2 30 13 

271 423 60 73 21 17 
- 33 81 - 1 19 1 24 
-134 - -31 104 23 --

20 20 
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TABLE 21. (.CONTINUED) 

Creep 364 days Creep Strain Recovered After 84 Days 
After Loading 

Stress, psi (X 10- 6) Axial Radial Axial Radial 
Specimen Axial Radial Axial Radial (X 10·6 ) (X 10"'6) %** %** 

A-35 0 600 -- 70 -- 33 --
D-2x 1086 0 132 -70 48 2 36 
D-15 1102 0 195 -- 56 -- 29 
G-9 2268 2400 273 353 89 116 33 

Average 31 

B-1 561 0 114 0 13 -13 11 
c-46x 1032 0 207 -58 72 -12 35 
D-22 1102 0 202 2 35 -10 17 
D-41 1086 2400 131 500 6 97 4 
E-4 2259 600 417 -- 112 -- 27 
F-6 3474 3600 700 -- 146 -- 21 
F-34 2123 0 623 -- 107 -- 17 
G-19 2268 2400 295 390 67 97 23 

Average 17 

x Radial pressure reduced to zero shortly after loading due to oil leak into specimen; 
values not included in averages. 

* Includes all specimens except those in which both gages had failed or the gages had 
been confirmed to be functioning improperly. 

** Percentage of total creep at 364 days after loading that was recovered 84 days after 
unloading. 
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The magnitude of creep recovered was not proportional to stress nor to 

the magnitude of the creep strain prior to unloading. 'nle magnitude of the 

creep recovery strain generally increased as temperature, stress, and magni­

tude of creep strain prior to unloading increased and was greater for air­

dried specimens. It is also suspected that creep recovery was less the longer 

the duration of loading. 

Creep recovery was generally in the direction opposite to the direction 

of creep strains; however, in some triaxially loaded cases in which the creep 

strain in one direction was very small relative to the other direction, creep 

recovery was in the same direction·as the creep strain. It should be noted 

also that creep recovery was still continuing 84 days after the specimens 
I 

were unloaded. 

In conclusion, curing history appeared to be the only factor that could 

be shown to significantly affect the percentage of creep strain recovered. 

The as-cast specimens exhibited approximately 25 percent more creep recovery 

than-the air-dried specimens under comparable test conditions. In addition, 

the factors shown to cause greater creep strains resulted generally in greater 

recovery strains, although not necessarily a greater percentage of the creep 

recovered. 



CHAPTER 6. CONCLUSIONS AND RECOMMENDATIONS 

This report describes the preliminary results of an experimental investi­

gation performed to evaluate the effects of five major factors and their inter­

actions on the creep behavior of plain concrete and to develop preliminary 

information on creep recovery behavior and Poisson's creep effects. 

CONCLUSIONS 

The conclusions, except those involving strength, are based on data from 

6 X 16-inch concrete cylindrical specimens, and, undoubtedly, this size and 

shape had some influence on the relative magnitudes of the axial and radial 

creep strains. These creep specimens were loaded 90 days after casting, were 

prepared from a crushed limestone aggregate, and had a nominal 28-day compres­

sive strength of 6000 psi. Specimens which were sealed in copper 48 hours 
0 

after casting are termed "as-cast." Those which were cured at 75 F and 

60 percent relative humidity for 82 days before sealing in copper are termed 

"air-dried. " 

All conclusions are limited to the actual test conditions included in 

the investigation. It is felt that these conclusions should be fairly reliable 

within the inference space encompassed by the test condition and, in most cases, 

the conclusions can probably be extended beyond this inference space; however, 

caution should be used when extending these conclusions. 

Within the above qualifications, the following conclusions can be drawn. 

General 

(1) After 90 or more days of curing, the unconfined compressive and 

indirect tensile strengths of as-cast concrete were greater than of 

air-dried concrete. Concrete cured in lime-saturated water (standard 

ASTM curing) until tested, however, exhibited greater compressive and 

tensile strengths than as-cast and air-dried specimens. 

149 
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(2) The secant modulus of elasticity was greater for as-cast concrete 

than for air-dried concrete. 

(3) An increase in temperature at time of loading decreased the modulus 

of e las tici ty. 

(4) The elastic Poisson's ratio did not appear to be significantly 

affected by curing history, temperature, or stress conditions. 

(5) The thermal expansion of air-dried concrete was greater than that of 
, 

as-cast concrete, and the thermal expansion of the concrete used in 

this study was less than that of steel. 

(6) Little or no shrinkage strain occurred in sealed specimens. 

(7) During the first 84 days after casting, the air-dried specimens exhibited 

shrinkage strains of approximately 220 micro-units, with shrinkage strains 

approximately 60 micro-units greater in the axial than radial direction. 

Beyond this time the axial and radial strains began to converge. 

At approximately 100 days after casting, the radial and axial strains 

became essentially equal and remained essentially constant through 

the remainder of the test period. Thus, little or no shrinkage 

occurred after 84 days, at which time these specimens were sealed. 

Creep Behavior 

The results of this study show that creep in plain concrete under multi­

axial compressive stress is a very complex phenomenon involving many inter­

action effects. 

(1) The following factors and interactions of factors produced highly 

significant effects on creep strain in plain concrete: 

Main Effects 

(a) stress and nonlinear effect of stress, 

(b) temperature during loading, 

(c) curing history, and 

(d) time after loading and nonlinear effect of time. 

Interaction Effects 

(e) temperature during loading x stress and temperature X 
nonlinear effect of stress, 

(f) curing history X stress and curing history X nonlinear 
effect of stress, 
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(g) time after loading X stress, 

(h) axial stress x radial stress, and 

(i) temperature during loading X type of curing x stress and 
temperature during loading X type of curing x nonlinear 
effect of stress. 

(2) Applied stress was the most important factor affecting creep strain. 

It was not only the most significant main effect, but it also produced 

highly significant interaction effects with each of the other main 

factors in this experiment. Radial stress was generally more signi­

ficant than axial stress since it involved two principal stresses. 

(3) Compressive and tensile creep strains were larger for 

(a) a higher constant temperature during loading; 

(b) air-dried concrete, except in the case when the stress conditions 
produced a low tensile creep strain; 

(c) increased time after loading; and 

(d} increased stress for uniaxial and biaxial states of stress. 

(4) Under triaxial states of stress under comparable environmental con­

ditions, creep strain increased or decreased depending on the magni­

tude of the changing stress and on the stress directions. For a 

relatively high constant stress in either the axial or radial direc­

tion, increasing the stress from zero in the direction perpendicular 

to the direction of the constant stress decreased the compressive 

creep strain in the direction of constant stress and changed the 

creep strain from tension to increasing compression in the direction 

of the changing stress. If the constant stress was relatively low, 

an increase in stress in the direction perpendicular to the constant 

stress changed the creep strain in the direction of the constant 

stress from compression to tension, and in the direction of the 

changing stress, from tension to increasing compression. 

(5) As the level of stress increased, the creep strain increased but the 

increase was larger for concrete at a higher temperature relative to 

one at a lower temperature, for air-dried concrete relative to as­

cast concrete, and as time after loading increased. 

(6) Increasing the confining pressure reduced the overall creep strains, 

i.e., the sum of the absolute creep strains in all principal stress 

directions. 
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Creep Poisson's Ratio 

(1) A creep Poisson's effect did occur and creep Poisson's ratio ranged 

from approximately 39 to 84 percent of the elastic Poisson's ratio, 

the magnitude of which depended primarily on curing history and on 

the state of stress. The average creep Poisson's ratio for the 

entire test period was 0.16, which was approximately 30 percent 

less than the average elastic Poisson's ratio. 

(2) Creep Poisson's ratio for air-dried concrete was approximately 

30 percent less than that for as-cast concrete. 

(3) The magnitude of stress and the state of stress influenced creep 

Poisson's ratio, but this influence was less at higher temperatures 

and for air-dried concrete. 

Elastic Recovery Strains 

(1) The modulus of elasticity and Poisson's ratio for elastic recovery 

were essentially equal to the modulus of elasticity and Poisson's 

ratio at the time of loading. 

(2) The elastic recovery strains were generally slightly higher than 

the initial elastic strains, except for the air-dried specimens 
0 loaded at 150 F and most hydrostatically loaded specimens. 

Creep Recovery 

(1) Curing history appeared to be the only factor studied that signifi­

cantly affected the percentage of creep recovered. A larger 

percentage of the creep strain, which occured during one year under 

load, was recovered from the as-cast concrete than from the air­

dried concrete. 

(2) Factors that caused larger creep strains generally caused larger 

total recovery strains although they did not necessarily cause a 

larger percentage of the creep strains to be recovered. 
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RECOMMENDATIONS 

The following reconnnendations are made for further research into the 

factors affecting creep in plain concrete: 

(1) All specimens used in this investigation should be weighed and 

disassembled in order to determine if any moisture loss occurred 

after the specimens were sealed. These specimens also should be 

inspected thoroughly to determine if oil penetrated the concrete, 

if any structural flaws were present, and the general condition 

of the gages. If this investigation reveals that there was a 

significant loss in moisture or that test conditions existed other 

than those assumed, the conclusions presented in this report should 

be modified accordingly. 

(2) This study should be expanded to correlate the effects of two very 

important variables that were maintained as constants in this 

experiment, i.e., time of loading and concrete strength. These 

additional tests should include the general ranges for most of 

the primary factors affecting creep in prestressed concrete 

construction. In addition, this experiment should be designed 

as a full factorial in order that more versatile prediction 

equations can be developed. 

(3) This study investigated the interrelated effects of multiaxial 

stresses and a number of important variables that were known to 

affect creep behavior. This report describes the general nature 

and complexity of these effects, but does not attempt to explain 

the creep phenomenon in terms of the microstructure of concrete 

or advance a new theory on the creep mechanism. Certain aspects 

of this study should be investigated further, including a rigorous 

analysis of the effects of time and its interactions and the effect 

of multiaxial stress on creep behavior in terms of the basic 

structure of concrete. In addition, a study should be made to 

determine the reason air-dried concrete resists tensile creep 

strains, but not compressive creep strains, more than a comparable 

as-cast concrete, and the reason elastic recovery strains under 

certain conditions can be greater than initial elastic strains upon 

loading. It would also be desirable to be able to predict creep 
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strains under multiaxial compression from the results of uniaxial 

creep tests on the material. 

(4) If a similar creep investigation is begun for which equipment sys­

tems must be manufactured, the following changes in the test equip­

ment and experimental test design are suggested: 

(a) Develop a near frictionless axial loading system to transfer 

hydraulic pressure to the specimen. 

(b) Develop a radial loading technique which will eliminate the 

possibility of oil penetrating into the specimen. 

(c) Design the experiment so all factors and levels of factor& are 

within a factorial design. This will allow the most information 

for the effort expended regardless of whether the data are 

analyzed statistically. 

(d) Test several duplicate test conditions within the design in 

order to estimate the experimental error involved. 

(e) Avoid the use of low major principal stress levels within the 

experiment, if large differences exist between the indicated 

load and true load. For example in this investigation, the 

creep strains resulting from an axial stress of 600 psi were 

relatively small compared with the errors associated with 

loss of axial load and possible errors in strain measurement. 

(f) Use test specimens that are approximately the same dimension 

in each of the principal directions. If cylindrical specimens 

are used, the diameter should be approximately equal to the 

height, e.g., 12 x 12-inch cylindrical specimens. 
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APPENDIX A 

SUMMARY OF MIXTURE PROPORTIONS AND ENGINEERING 
CHARACTERISTICS OF AGGREGATE AND CEMENT 
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TABLE Al. SUMMARY FOR CONCRETE MIXTURE PROPORTIONS* 

Materials: 

Material ~ Source 

Portland cement, SS-C-192 
Admixtures 

II 
None 

Limestone 
3/4-inch limestone 

Alpha Portland Cement Co. 

Fine aggregate 
Coarse aggregate 

Material Properties: 

Material 

Portland cement 
Fine aggregate 
Coarse aggregate (A) 
Coarse aggregate (B) 
Coarse aggregate (C) 

Mixture Data: 

Material 

Portland cement 
Fine aggregate 
Coarse aggregate (A) 
Coarse aggregate (B) 
Coarse aggregate (C) 
Water 

Water/cement ratio 
Slump 
Cement factor 
Sand/aggregate ratio 

Strength Data: 

Age. days 

28 
28 
28 
28 
28 
28 

Psi 

5750 
6190 
6050 
6200 
5860 
5890 

Vulcan Materials Company 
Vulcan Materials Company 

Size Range Coarse Aggre- Bulk Specif- Absorption, 
% by weight gate, % by ic Gravity, 

weight SSD 

No. 4 30 
3/8-in. 35 
1/2-in. 35 

Mixture SSD Weights 
Proportions, per cubic 
by weight yard 2 lb 

1.00 681.5 
2.03 1381.5 
0.79 535.4 
0.92 624.5 
0.92 624.5 
0.425 289.86 

= 
= 

0.425, by weight 
2 inches 

= 
= 

7.25 bags/cu. yd. 
44%, by volume 

3.15 
2.67 1.3 
2.71 0.5 
2. 71 0.5 
2. 71 0.5 

Solid Volume per 
one cubic yard, 
cubic feet 

3.473 
8.305 
3.171 
3.699 
3.697 
4.653 

Average for 6 X 12-inch cylinders = 5990 psi 

* From test reports submitted and prepared by Waterways Experiment Station, 
Jackson, Mississippi, December 5, 1967. 
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TABLE A2. REPORT OF TEST ON PORTLAND CEMENT 

General: 

Specification: SS-C-192, Type II, LA, HH 

Company: Alpha Portland Cement Co., Birmingham, Ala. 

Dates Sampled: June 17-18, 1967 

Barrels Represented: 5000 

Date of Report: December 5, 1967 

Cement Components: 

Sample Ign. Insol. so3 , MO, 
No. Loss, Res., 

g 

_.'.L % i l 
1 1.1 0.22 2.0 3.4 
2 1.1 0.22 1.9 3.5 
3 1.1 0.22 2.0 3.4 
5 1.1 0.24 1.9 3.4 

Sample c3A, CaO, Total Compressive 
No. Alkali, Strength, psi 

l l % 3-dai 7-dai 

1 4.0 62.8 0.46 2000 2570 
2 4.1 62. 7 0.45 1975 2480 
3 4.1 62.6 0.44 2095 2750 
5 4.3 62.7 0.44 2125 2760 

Time of Set: 

Sample Autoclave 
Series Expansion, 

% 

1-2 0,10 
3-4 0.09 
5-6 0.10 

Heat of Hydration: 

7 days 
28 days 

• 62 calories/gram 
• 72.5 calories/gram 

Si02 , Al 2o3 , Fe 2o8 , 

_.'.L % _L 

21.9 4.4 4.4 
21.8 4.4 4.8 
21.9 4.4 4.4 
21. 7 4.5 4.4 

Entrained Blaine Specific 
Air, Surface, 

_J_o cm2/~ 

7.9 3150 
8.1 3135 
7.5 3135 
8.1 3150 

Time of Set 
Initial Final 

hr:min hr:min 

3:25 6:55 
3:10 7:00 
3:10 7:00 
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TABLE A3. REPORT ON AGGREGATE 

Type of Material: Limestone 

Location: Lat. 36°10', Long. 86°35': off highway 70 
north at Stone River on Central Pike near 
junction of Chandler Road, Tennessee 

Producer: Lambert Division, Vulcan Materials Company, 
Hermitage, Tennessee plant 

Geological Formation 
and Age: Carter Limestone - Ordovican 

Date of Report: November 16, 1967 

Sieve 
Size 

1-in. 
3/4-in. 
1/2-in. 
3/8-in. 
No. 4 
No. 8 
No. 16 
No. 30 
No. 50 
No. 100 
-200 
Fineness Modulus 

Cumulative% Passing 
Coarse Fine 

Agg. Agg. 

100 
99 
70 
41 

0 
100 

98 
84 
64 
47 
24 
8 
4.2 
2.75 

Test Results 

Bulk Specific Gravity, SSD: 
Absorption, % 

Coarse 
Agg. 

2. 71 
0.5 

Fine 
~ 

2.67 
1.3 
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TABLE A4. CONCRETE MIXTURE PROPORTIONS 

General: 

Cement Factor: 
Water/Cement Ratio: 
Sand/Aggregate Ratio: 
Slump: 
Date of Report: 

Materials: 

Material 

Cement 
Fine aggregate 
Coarse aggregate 
Coarse aggregate 
Coarse aggregate 

Mixture Proportions: 

For 1 Cubic Yard 

Material 

Cement 
Fine aggregate 
Coarse aggregate 
Coarse aggregate 
Coarse aggregate 
Water 

(A) 
(B) 
(C) 

(A) 
(B) 
(C) 

For 1.6 Cubic Feet 

Material 

Cement 
Fine aggregate 
Coarse aggregate (A) 
Coarse aggregate (B) 
Coarse aggregate (C) 
Water 

7.25 bags/cu. yd. 
4.8 gals/bag or 0.425 by weight 
44% by volume 
2 inches 
November 16, 1967 

Size Range Bulk Sp. Unit Wt. 
Gravity (solid), 

lb/cu.ft, 

3.15 196.24 
Sand 2.67 166.34 
No. 4 2. 71 168.83 
3/8-in. 2. 71 168.83 
1/2-in. 2.71 168.83 

Solid Volume, SSD Batch 
cu.ft./batch Weight, lb 

3.473 681.5 
8.305 1381.5 
3.171 535.4 
3.699 624.5 
3,699 624.5 
4.653 289.86 

SSD Batch Water 
Weight, lb Correction • .Th_ 

40.9 
82.9 -1.1 
32.1 -0.1 
37.5 -0.1 
37.5 -0.2 
17.4 +1.5 

Absorp ., Net 
% Moisture, 

% 

1.3 -1.3 
0.5 -0.4 
0.5 -0.4 
0.5 -0.4 

Actual Batch 
Weight, lb 

40.9 
81.8 
32.0 
37.4 
37.3 
18.9 



APPENDIX B 

COMPRESSIVE STRENGTH DATA 
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TABLE Bl. 28-DAY COMPRESSIVE STRENGTHS 

Curing History: As-Cast 

Average 
Specimen Remarks Load, Strength, Strength-, 

lb psi psi 

A-13 Good cap 188,400 6663 
A-14 Good cap 184,600 6529 6577 
A-28 Good cap 184,900 6539 

B-21 Loading machine problems 
B-30 Good cap 152,800 5404 4713 
B-33 Very poor cap 113,700 4021 

C-8 Good cap 163,200 5772 
C-19 Fair cap 161,400 5708 5704 
C-40 Good cap 159,200 5630 

D-1 Good cap 177,270 6270 
D-6 Good cap 167,600 5928 5983 
D-24 Good cap 162,540 5749 

E-17 Good cap 162,200 5737 
E-36 Good cap 148,000 5234 5411 
E-37 Good cap 148,800 5263 

F-4 Fair cap 153,400 5425 
F-18 Good cap 170,800 6041 5652 
F-38 Good cap 155,200 5489 

G-7 Good cap 162,000 5730 
G-29 Cap slightly cracked 165,000 5836 5942 
G-40 Good cap 177,000 6260 

H-11 Fair cap 152,520 5394 
H-19 Fair cap 154,090 5450 5646 
H-33 Good cap 172,280 6093 

I-12 Fair cap 163,650 5788 5788 

(Continued) 
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TABLE Bl. (CONTINUED) 

Curing History: Air-Dried 

Average 
Specimen Remarks Load., Strength, Strength, 

_!L psi psi 

A-18 Good cap 198,900 7034 
A-23 Good cap 200,000 7073 7060 
A-43 Good cap 200,000 7073 

B-24 Poor cap 147,000 5199 
B-37 Good cap 188,600 6670 6199 
B-46 Good cap 190,200 6727 

c-7 Good cap 183,200 6479 
C-27 Good cap 177,600 6281 6523 
C-31 Good cap 192,500 6808 

D-16 Good cap 203,040 7181 
D-21 Good cap 186,240 6587 6645 
D-30 Good cap 174,370 6167 

E-21 Good cap 183,200 6479 
E-29 Good cap 187,200 6621 6536 
E-44 Good cap 184,000 6508 

F-8 Good cap 191,700 6780 
F-16 Good cap 190,500 6737 6675 
F-35 Good cap 184,000 6508 

G-5 Good cap 190,200 6727 
G-28 Good cap 194,000 6862 6569 
G-47 Good cap 173,000 6118 

H-7 Good cap 179,230 6339 
H-40 Lost specimen 6320 
H-48 Good cap 178,170 6301 

I-9 Fair cap 169,700 6002 
I-15 Fair cap 186,190 6585 6436 
I-18 Fair cap 190,080 6723 

(Continued) 
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TABLE Bl. (CONTINUED) 

Curing History: Standard 

Average 
Specimen Remarks Load. Strength, Strength, 

lb psi psi 

A-7 Good cap 184,300 6518 
A-25 Good cap 188,800 6677 6756 
A-42 Good cap 200,000 7073 

B-12 Good cap 192,200 6798 
B-20 Good cap 199,500 7056 6646 
B-22 Good cap 172,000 6083 

C-2 Good cap 170,000 6012 
C-15 Good cap 176,000 6225 
c-45 Good cap 186,200 6585 6136 
C-47 Fair cap 172,200 6090 
C-49 Fair cap 163,100 5768 

D-7 Machine test specimen 
D-8 Very poor cap 129,600 4584 
D-25 Good cap 210,520 7445 6201 
D-32 Good cap 199,210 7046 
D-45 No cap (poor) 150,470 5322 
D-49 Specimen cracked 

E-2 Good cap 183,000 6472 
E-14 Good cap 184,400 6522 6522 
E-19 Good cap 185,800 6571 
E-47 Good cap 172,600 6099 

F-1 Good cap 180,600 6387 
F-19 Good cap 191,700 6780 
F-36 Good cap 186,300 6589 6511 
F-47 Good cap 186,300 6607 
F-49 Good cap 175,100 6193 

G-11 Good cap 186,400 6592 
G-17 Good cap 182,400 6451 6442 
G-48 Good cap 177,600 6281 

H-18 Good cap 175,480 6206 
H-13 Fair cap 186,350 6591 6344 
H-32 Good cap 176,290 6235 

I-26 Fair cap 175,510 6207 
I-29 Fair cap 186,860 6609 6260 
I-32 Fair cap 168,670 5965 
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TABLE B2. 90-DAY COMPRESSIVE STRENGTHS 

Curing History: As-Cast 

Average 

Specimen Remarks Load, Strength, Strength, 

-1:L psi psi 

A-5 Good cap 199,200 7045 6883 
A-20 Good cap 190,000 6720 

B-18 Fair cap 169,000 5977 
B-44 Good cap 177,000 6260 6109 
B-45 Good cap 172,200 6090 

C-1 Poor cap 181,500 6419 
C-29 Good cap 177,600 6282 6426* 
C-35 Good cap 186,000 6578 

D-28 Fair cap 192,100 6794 
D-36 Fair cap 154,940 5480 6502 
D-39 Good cap 204,450 7231 

E-9 Fair cap 213,730 7559 
E-11 Poor cap 197,680 6991 7290 
E-33 Good cap 206,940 7319 

F-22 210,780 7455 
F-24 211,850 7493 7414 
F-31 206,260 7295 

G-33 Cap 70% effective 174,800 6182 
G-45 Cap 70% effective 177,800 6288 6462 
G-49 Cap 70% effective 195,500 6914 

H-25 Poor cap 191,490 6773 
H-37 Poor cap 158,210 5596 6333 
H-46 Good cap· 187,510 6632 

I-40 Fair cap 174,230 6162 6162 

(Continued) 

*C-Specimens tested at age 83 days 
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TABLE B2. (CONTINUED) 

Curing History: Air-Dried 

Average 
Specimen Remarks Load, Strength, Strength, 

lb psi psi 

A-15 Good cap 206,420 7300 6963 
A-47 Pitted cap - fair 187,340 6626 

B-11 Good cap 229,100 8103 
B-31 Fair cap 211,620 7484 7793 
B-35 Good cap 220,300 7791 

C-5 Good cap 216,110 7643 
C-43 Good cap 219,260 7755 7372* 
c-44 Very poor cap 190,000 6720 

D-4 Good cap 212,155 7503 
D-13 Good cap 229,330 8111 7787 
D-35 Good cap 219,020 7746 

E-7 Good cap 223,270 7896 
E-24 Good cap 196,900 6964 7425 
E-45 Fair cap 209,640 7414 

F-12 228,570 8084 
F-29 216,300 7650 7869 
F-44 222,640 7874 

G-14 Cap 95% effective 207,300 7332 
G-20 Cap 95% effective 209,600 7413 7457 
G-50 Cap 95% effective 215,600 7625 

H-6 Poor cap 215,540 7623 
H-30 Good cap 201,600 7130 7280 
H-36 Good cap 200,360 7086 

I-4 Good cap 201,980 7144 
I-6 Good cap 197,510 6985 7059 
I-28 Good cap 199,310 7049 

(Continued) 

*C-Specimens tested at age 83 days 
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TABLE B2. (CONTINUED) 

Curing History: Standard 

Average 
Specimen Remarks Load, Strength, Strength, 

lb psi psi --
A-29 Good cap 222,280 7861 
A-37 Good cap 252,320 8924 8547 
A-48 Good cap 250,370 8855 

B-9 246,770 8728 
B-10 256,070 9056 8694 
B-34 234,610 8297 

C-22 Good cap 229,540 8118 
C-25 Good cap 233,000 8241 8289* 
C-28 Good cap 239,470 8469 
C-32 Good cap 235,520 8330 

D-5 Good cap 249,850 8836 
D-11 Good cap 248,420 8786 
D-14 Good cap 246,090 8703 8544 
D-34 Good cap 211,200 7470 
D-42 Fair cap 252,390 8926 

E-16 Good cap 243,290 8604 
E-22 Good cap 246,230 8708 8195 
E-32 Good cap 229,560 8119 
E-48 Fair cap 207,740 7347 

F-3 231,700 8195 
F-10 202,370 7157 8093 
F-27 251,350 8889 
F-40 229,930 8132 

G-12 Good cap 230,500 8152 
G-25 Good cap 206,500 7303 7727 
G-36 Cap 90% effective 218,400 7724 

H-15 Good cap 232,810 8234 Slll 

H-39 Fair cap 225,870 7989 

I-36 Good cap 222,570 7872 7872 

*C-Specimens tested at age 83 days 
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TABLE B3. 183-DAY COMPRESSIVE STRENGTHS 

Curing History: As-Cast 
Average 

Specimen Remarks Temp., Load, Strength, Strength, 
2-- lb psi psi 

A-16 Good cap 75 249,849 8836 8262 
A-39 Fair cap 75 217,365 7688 

A-17 Good cap 150 . 256,670 9078 8117 
A-36 Fair cap 150 202,345 7156 

G-15 Good cap 75 216,750 7666 7617 
G-38 Good cap 75 214,000 7569 

G-16 Good cap 150 234,280 8286 8283 
G-23 Good cap 150 234,120 8280 

H-9 Good cap 75 229,280 8109 7661 
H-20 Good cap 75 204,200 7222 
H-23 Fair cap 75 216,330 7651 

I-25 Fair cap (cracks) 75 196,870 6963 6963 
I-14 Good cap 150 206,500 7303 
I-11 Good cap 150 230,380 8148" 7726 

Curing History: Air-Dried 
Average 

Specimen Remarks Temp., Load, Strength, Strength, 
__:x_ lb psi psi 

A-1 Good cap 75 222,840 7881 7027 
A-4 Fair cap 75 174,540 6173 

A-11 Good cap 150 215,355 7616 7757 
A-41 Good cap 150 223,300 7897 

G-26 Good cap 75 201,600 7130 7314 
G-37 Good cap 75 212,000 7498 

G-39 Chipped edges 150 202,000 7144 7096 
G-43 Good cap 150 199,260 7047 

H-29 Good cap 75 210,040 7429 
H-47 Good cap 75 202, 720 7172 7472 
H-21 Fair cap 75 221,020 7817 

I-42 Good cap 75 198,330 7015 7200 
I-34 Fair cap (90% effective) 75 208,830 7386 

I-22 Very poor cap (70% effect) 150 192,610 6812 6957 
I-35 Fair cap 150 200,780 7101 



176 

TABLE B4. 365-DAY COMPRESSIVE STRENGTHS 

Curing History: As-Cast 

Average 

Specimen Remarks Temp., Load, Strength, Strength, 

~ lb psi psi 

A-26 Good cap 75 248,970 8805 8836 

A-45 Fair cap 75 250,720 8867 

A-6 Very poor cap 150 189,720 6710 7596 

A-40 Fair cap 150 239,810 8481 

G-3 Fair cap 75 225,530 7977 8190 

G-24 Good cap 75 237,620 8404 

G-8 Good cap 150 241,030 8525 8313 

G-34 Good cap 150 229,040 8101 

Curing History : Air-Dried 

Average 

Specimen Remarks Temp., Load, Strength, Strength, 

~ lb psi psi 

A-24 Good cap 75 207,820 7350 7480 

A-34 Good cap 75 215,190 7611 

A-33 Very poor cap 150 198,350 7015 7009 

A-44 Very poor cap 150 198,000 7003 

G-6 Fair cap (cracks) 75 222,340 7864 7809 

G-46 Good cap 75 219,230 7754 

G-22 Good cap 150 225,350 7970 7863 

G-31 Good cap 150 219,300 7756 



APPENDIX C 

TENSILE STRENGTH DATA 
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Specimen 

D-27 
D-29 

Specimen 

B-36 

D-9 
D-19 

Specimen 

B-3 

C-20 
C-26 

D-18 
D-40 

E-31 
E-38 

F-5 
F-39 
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TABLE Cl. 28-DAY TENSILE STRENGTHS 

Curing History: As-Cast 

Load, 
lb 

64,400 
52,200 

Curing History: 

Load, 
lb 

63,500 

56,400 
63,300 

Curing History: 

Load, 
lb 

70,800 

66,800 
63,400 

65,700 
75,000 

64,500 
64,000 

68,100 
57,300 

Strength, 
psi 

569 
462 

Air-Dried 

Strength, 
psi 

561 

499 
560 

Standard 

Strength, 
psi 

626 

591 
561 

581 
663 

570 
566 

602 
506 

Average 
Strength, 

psi 

516 

Average 
Strength, 

psi 

561 

530 

Average 
Strength, 

psi 

626 

576 

622 

568 

554 
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TABLE C2. 90-DAY TENSILE STRENGTHS 

Curing History: As-Cast 

Average 
Specimen Load, Strength, Strength, 

lb psi psi 

B-15 56,900 503 549 
B-38 67,200 594 

C-10 77,100 682 609 
C-30 60,500 535 

D-10 56,500 500 531 
D-17 63,400 561 

E-3 68,600 607 587 
E-25 64,050 566 

F-26 69,000 610 589 
F-28 64,100 567 

Curing History: Air-Dried 

Average 
Specimen Load, Strength, Strength, 

lb psi psi 

B-2 66,900 592 540 
B-32 55,100 487 

C-18 60,000 531 575 
C-21 70,000 619 

D-37 67,000 592 547 
D-43 56,800 502 

E-35 67,000 592 554 
E-15 58,200 515 

F-25 63,150 558 577 
F-45 67,400 596 

(Continued) 
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TABLE C2. (CONTINUED) 

Curing History: Standard 

Average 
Specimen Load, Strength, Strength, 

lb psi psi 

B-6 66,000 584 542 
B-14 56,500 500 

C-42 80,000 707 681 
C-48 74,000 654 

D-38 60,850 538 508 
D-50 53,900 477 

E-8 75,500 668 710 
E-41 85,000 752 

F-43 78,400 693 691 
F-48 77,800 688 
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APPENDIX D 

AVERAGE SHRINKAGE STRAINS AFTER LOADING 
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TABLE Dl. AXIAL SHRINKAGE STRAINS FOR AS-CAST SPECIMENS AT 75° F 

Days Strain, (x 10-6) Average 
After In Following Specimens Strain, 

Loading A-8* B-29 C-39 D-20 E-28 F-23 G-18 (X 10-6) 

2 0 0 1.3 2.6 0 1.4 0.9 
5 0 -1.3 1.3 1.3 2.7 2.7 1.1 
7 -1.3 -2.5 -1.3 0 2.7 0 -0.4 

14 -1.3 -3.8 0 1.3 0 -2.7 -1.1 
21 -3.9 -1.3 1.3 4.0 0 -2. 7 -0.4 
28 -2.6 0 2.5 1.3 0 -2.7 -0.3 
56 -1.3 3.7 3.8 0 0 -2. 7 0.6 
84 -5 .. 2 7.4 3.8 0 0 -2.7 0.6 

112 0 6.2 2.5 -1.3 -1.4 -5.5 0.1 
140 0 7.4 2.5 -1.3 1.4 -5.5 0.8 
168 -1.3 10.0 3.8 -1.3 -1.4 -6.9 0.5 
196 0 10.0 3.8 0 2.7 -4.1 2.1 
224 0 12.4 6.3 1.3 4.1 -1.4 3.8 
252 1.3 14.9 10.1 4.0 6.8 -1.4 6.0 
280 3.9 16.2 10.1 6.6 8.2 -2.7 7.0 
308 7.7 18.0 8.8 6.6 10.9 1.4 8.9 
336 7.7 21.1 13.9 9.3 10.9 1.4 10.7 
364 9.0 21.9 13.9 11.9 13.6 1.4 11.8 
366 10.3 21. 7 13 .9 10.6 13.6 2.8 12.1 
371 9.0 22.4 15.2 10.6 13.6 2.8 12.2 
378 10.3 24.2 15.2 10.6 13.6 2.8 12.8 
385 12.9 24.2 15.2 11.9 15.0 4.1 13.9 
392 12.9 23. 13.9 11.9 16.3 2.8 13.5 
420 
448 

* Not used since there were no loaded specimens in Batch A for this test 
condition. 
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TABLE D2. RADIAL SHRINKAGE STRAINS FOR AS-CAST SPECIMENS AT 75° F 

Days Strain, (X 10-6) Average 
After In Following Specimens Strai~l, 

Loading A-8* B-29 C-39 D-20 E-28 F-23 G-18 (x 10 ) 

2 0 0 0 3.8 1.3 1.3 1.1 
5 -1.3 0 1.2 2.5 4.0 1.3 1.3 
7 -1.3 -1.3 -1. 2 2.5 2.7 1.3 0.5 

14 -1.3 -3.9 0 5.1 2.7 0 0.4 
21 -6.5 -2.6 0 6.4 1.3 0 -0.2 
28 -3.9 -1.3 3.7 3.8 1.3 1.3 0.8 
56 -3.9 0 3.7 0 2.7 1.3 0.6 
84 -6.5 1.3 5.0 5.1 1.3 0 1.0 

112 -3.9 -1.3 5.0 3.8 0 -1.3 .4 
140 -3.9 -2.6 3.7 3.8 4.0 1.3 1.1 
168 -5.2 0 6.2 5.1 1.3 1.3 1.5 
196 -3.9 -2.6 6.8 5.1 5.4 1.3 2.0 
224 -5.2 0 8.7 6.4 8.1 6.5 4.1 
252 -3.9 0 12.4 8.9 9.4 6.5 5.6 
280 -1.3 2.6 11.8 11.5 10.7 6.5 7.0 
308 1.3 3.9 11.8 12.7 14.8 11. 7 9.4 
336 1.3 5.2 17.3 15.3 16.1 11. 7 11.2 
364 1.3 5.2 17.4 17.8 18.8 13.0 12.2 
366 1.3 6.5 18.0 16 .5 18.8 14.3 12.6 
371 1.3 5.2 19.2 16.5 18.8 14.3 12.5 
378 2.6 7.8 19.2 16.5 18.8 14.3 13.2 
385 3.9 7.8 18.6 17.8 20.1 16.9 14.2 
392 3.9 6 • .5 17.4 19.1 21.5 14.3 13.8 
420 5.2 
448 

* Not used since there were no loaded specimens in Batch A for this test 
condition. 
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TABLE D3. AXIAL SHRINKAGE STRAINS FOR .6,IR•DRIED SPECIMENS AT 75° F 

Days Strain, (x 10·6) Average 
After In Following Specimens Strai~6 Loading A-38* B-23 c-6 D-33 E-23 F-17 G-10 (x 10 ) 

2 -1.2 0 0 1.3 -1.3 -1.3 0.4 
5 -2.4 -3.5 -2.4 -2.5 0 -1.3 -2.0 
7 -4.2 -5.9 -6.0 -2.5 -2.5 -5.2 -4.4 

14 -2.4 -10.7 -7.2 -2.5 -5.1 -7.8 -5.9 
21 -11. 9 -10.7 -6.6 -3.8 ... 8. 9 -9.1 -8.5 
28 -11.9 -10.7 -7.9 -5.1 -10.2 -10.4 -9.4 
56 -17.9 -14.8 -13 .2 -12.8 -14.0 -15.6 -14.7 
84 -22.7 -16.6 -17.4 -12.8 -21.8 -19.5 -18.5 

112 -27.5 - 23 • 20 - 24. 1 -16~6 -25.7 -26 .1 -23.9 
140 -31. 7 -27 .4 -28.3 -19.2 -25. 7 -26.l -26 .4 
168 -35.3 -27 .4 -28.3 -20.5 -32.1 -30.0 -28.9 
196 -37.7 -32.8 - -23.0 -32.1 -31.3 -31.4 
224 -42.0 -32.7 -33.2 -24.3 -32.1 -28. 7 -32.2 
252 -42.6 -32.2 -30.2 -23.0 -33.4 -31.3 -32.1 
280 -43.2 -32.2 -35.0 -24.3 -34.7 -32.6 -33.7 
308 -42.6 -32.2 -37.5 -25.6 -34.7 -30.0 -33.7 
336 -44.4 -31.6 -35.6 -26.9 -37.3 -31.3 -34.5 
364 -46.2 -32.8 -35.6 -25.6 -37.3 -32.7 -35.0 
366 -45.6 -32.2 -35.6 -26 .9 -37.3 -31.3 -34.8 
371 -46.2 -32.2 -38.1 -26. 9 -38.6 -31.3 -35.6 
378 -45.6 -29.8 -39.9 -28.2 -39.9 -31.3 -35.8 
385 -44.4 -30.4 -39.9 -28. 2 -39.9 -30.0 -35.5 
392 -45.6 -32.2 -39.9 -28.2 -37.3 -32.7 -36.0 
420 
448 

* Not used since there were no loaded specimens in Batch A for this test 
condition. 
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TABLE D4. RADIAL SHRINKAGE STRAINS FOR AIR-DRIED SPECIMENS AT 75° F 

Days Strain, (x 10- 6) Average 
After In Following Specimens Strai~l, 

Loading A-38* B-23 C-6 D-33 E-23 F-17 G-10 (X 10 ) 

2 3.6 1.2 2.4 2.5 1.3 1.3 2.0 
5 3.6 2.4 5.3 3.8 6.5 5.2 4.5 
7 4.8 1.8 3.6 5.0 6.5 3.9 4.3 

14 1.8 1.8 8.9 11.4 9.1 6.5 6.6 
21 6.0 7.3 10.1 15.1 10.4 9.0 9.7 
28 10.1 9.7 17.2 16.4 10.4 12.9 12.8 
56 15.5 14.5 23.1 18.9 14.3 16.8 17.2 
84 16.6 17.5 23.7 25.2 13.0 18 .1 19.0 

112 17.8 15.7 23.1 26.4 11. 7 16.8 18.6 
140 16.7 13.9 21.3 25.2 13.0 19.3 18.2 
168 14.9 15.7 21.3 25.2 9.1 16.8 17.2 
196 16.0 10.9 gf 25.2 11. 7 18:0 16.4 
224 13.7 13.9 25.2 11. 7 20 .6 17.0 
252 14.3 14.5 26.4 11. 7 19.3 17.3 
280 14.9 13.9 25.2 10.4 18.1 16.5 
308 16.0 13.9 25. 2 11. 7 21.9 17 .8 
336 14.9 16.3 25.2 10.5 20.6 17.5 
364 14.9 16.3 26 .4 10.5 20.6 17.7 
366 16.1 16.3 25.2 10.5 20.6 17.7 
371 14.9 16.9 25.2 9.1 20.6 17.3 
378 14.9 18.1 23.9 9.1 21.9 17.6 
385 15.5 18.1 25.2 10.5 21.9 18.2 
392 16.1 16.9 25.2 11.8 20.6 18.1 
420 
448 

* Not used since there were oo loaded specimens in. Batch A for this test 
condition. 

gf Gage failed or began to function improperly. 
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TABLE D5. AXIAL SHRINKAGE STRAINS FOR AS-CAST SPECIMENS AT 150° F 

Days -6 Strain,. (x 10 ) Average 
After In Following Specimens Strain~ 

Loading A-22* B-13 C-41 D-12** E-10 F-15** G-1 (X 10- ) 

2 -7.3 -4.9 -7.7 -4. -6. 
5 -7.9 -7 .4 -10.3 -10.6 -9. 
7 -16.5 -16.0 -14.10 -10.6 -14.3 

14 -22.6 -16.0 -18.0 -18.6 -18.8 
21 -21.4 -16.0 -19.3 -22.6 -19.8 
28 -23.2 -19.8 -19.8 -26 .6 -22.5 
56 -29.4 -23.5 -37.3 -52.0 -35.6 
84 -41.8 -19.8 -32.2 -39.9 -33.4 

112 gf -23.5 -30.8 -47.6 -34.0 
140 -22.2 -30.9 -44.0 -32.4 
168 -23.5 -30.9 -42.6 -32.3 
196 -26.0 -30.9 -41.3 -32. 7 
224 -33.4 -30.9 -33.2 -32.5 
252 -29. 7 -30.9 -26 .6 -29 .o 
280 -29. 7 -30.9 gf -30.3 
308 -30.9 -29 .6 -30.3 
336 -32.2 -29.6 -30.9 
364 -32.2 -25. 7 -28.9 
366 -32.2 -25.7 -28.9 
371 -32.2 -25. 7 -28.9 
378 -32.2 -25.7 -28.9 
385 -33.4 -24.4 -28.9 
392 -34.7 -24.4 -29.6 
420 
448 

* Not used since there were no loaded specimens in Batch A for this test 
condition. 

** Not used in average because specimens were losing moisture or gages were 
functioning improperly. 

gf Gage failed or began to function improperly. 
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TABLE D6. RADIAL SHRINKAGE STRAINS FOR AS-CAST SPECIMENS AT 150o F 

Days Strain, (x 10- 6) Average 
After In Following Specimens Strain, 

Loading A-22* B-13** C-41 D-12** E-10 F-15 G-1 (x 10-6) 

2 -5.4 -8.4 -8.6 -5.2 -6.9 
5 -7.8 -10.2 -9.9 -10.4 -9.6 
7 -16.9 -14.4 -12.4 -13.0 -14.2 

14 -16.9 -18.1 -15. 5 -20.9 -17.8 
21 -18.7 -19.2 -19.2 -26.20 -20.8 
28 -24.8 -21.0 -21. 7 -30.1 -24.4 
56 -30.8 -36.8 -27.9 -56.6 -38.0 
84 -30.2 gf -34.2 -47.3 -37.2 

112 -37.5 -34.2 -46.0 -39.2 
140 -36.9 -37.9 -48.7 -41.2 
168 -38.1 gf -48.7 -43.4 
196 -39.4 -48.7 -44.0 
224 -45.5 -47.3 -46.4 
252 -40.6 -47.3 -44.0 
280 -40.0 -43.4 -41.7 
308 -40.0 -40.7 -40.3 
336 -39.4 -39.4 -39.4 
364 -36.9 -35.4 -36.2 
366 -36.3 -35.4 -35.9 
371 -36.3 -32.8 -34.6 
378 -36.3 -34.1 -35.2 
385 -36.9 -31.4 -34.2 
392 -36.9 -28.8 -32.9 
420 
448 

* Not used since there were no loaded specimens in Batch A for this test 
condition. 

** Not used in average because specimens were losing moisture or gages 
were functioning improperly. 

gf Gage failed or began to function improperly. 
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TABLE D7. AXIAL SHRINKAGE STRAINS FOR AIR-DRIED SPECIMENS AT 150° F 

Days Strain, (x 10- 6) Average 
After In Following Specimens Strain, 

Loading A-32*· B-26 C-36** D-23 E-42 F-21 G-21 (X 10-6) 

2 -3.4 -6.3 -10.0 -7.6 -6.4 -6.7 
5 -11.5 -13 .3 -15.8 -12.7 -13 .9 -13.5 
7 -21.3 -15.0 -19.4 -16.5 -16.3 -17.7 

14 -31.1 -27.2 -29.4 -22.9 -27. 5 -27.6 
21 -31. 7 -36.6 -35.4 -29 .3 -33.3 -33.3 
28 -33.4 -38,3 -41.3 -33.2 -35.7 -36.4 
56 -42.7 -51.3 -62. 9 -39.6 -67.2 -52.7 
84 -60.9 -72.0 -62. 9 -48.6 -61.2 -61.1 

112 -59.7 -67.2 -62.9 -47.3 -64.2 -60.3 
140 -61.5 -70. 2 -65.3 -48.6 -69.0 -62. 9 
168 -65.0 -73.2 -67.1 -48.6 -70.8 -64.9 
196 -66.8 -75.0 -67.1 -56.4 -72.6 -67.6 
224 -66.8 -78.0 -66.5 -48.63 -72.6 ·66.5 
252 -67.4 -78.5 -77 .3 -43.34 -73.2 -68.8 
280 -63.8 -79.1 -65.9 -46.0 -72.6 -65.5 
308 -69.7 -79.1 -64.7 -44.8 -72.0 -66.1 
336 -70.3 -79.7 -65.3 -44.8 -72.6 -66.5 
364 -71.5 -77 .9 -64.7 -44.8 -70.2 -65.8 
366 -70.9 -77 .9 -64.7 -43.5 -69.6 -65.3 
371 -72.1 -77 .9 -64.7 -43.5 -70.8 -65.8 
378 -72. 7 -79.7 -64.1 -43.5 -70.2 -66.0 
385 -71.5 -80.3 -63.5 -43.5 -69. -65.6 
392 -72.1 -79.7 -62.3 -42.'2 -67.2 -64.7 
420 
448 

* Not used since there were no loaded specimens in Batch A for this test 
condition. 

** Not used in average because specimens were losing moisture or gages were 
functioning improperly. 
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TABLE DB. RADIAL SHRINKAGE STRAINS FOR AIR-DRIED SPECIMENS AT 150° F 

Days Strain, (X 10- 6) Average 
After In Following Specimens Strai~6 

Loading A-32* B-26 C-36** D-23 E-42 F-21** G-21 (x 10 ) 

2 -2.4 -3.5 -8.1 -2.6 -4.1 
5 -6.5 -5.3 -9.8 -6.4 -7.0 
7 -14.3 -5.9 -12.1 -6.4 -9.7 

14 -20.1 -11.2 -16.2 -11.6 -15.0 
21 -19.1 -16.0 -17.4 -14.1 -16.6 
28 -20.9 -16.5 -19.7 -14.1 -17 .8 
56 -26 .9 -24.3 -37 .8 -32.3 -30.3 
84 -46.2 -44.0 -30.8 gf -40.3 

112 -41.4 -35.6 -32.5 -36.5 
140 -40.8 -41.0 -35 .5 -39.0 
168 -42.6 -44.6 -39.6 -42.3 
196 -45.6 -47.6 -42.5 -45.2 
224 -46.8 -50.6 -44.3 -47.2 
252 -48.0 -53.6 -54.3 -52.0 
280 -55.9 -56.0 -47.2 -53.1 
308 -49.3 -58.4 -47.8 -51.8 
336 -49.3 -60.3 -50.2 -53.2 
364 -49.3 -61.5 -52. -54.2 
366 -48.7 -61.5 -52. -54.0 
371 -49.3 -62.1 -52.5 -54.6 
378 -50.5 -63.9 -52.6 -55.6 
385 -48.1 -65.1 -52. -55.0 
392 -49.3 -65.1 -52.6 -55.6 
420 
448 

* Not used since there were no loaded specimens in aatch A ror this test 
condition. 

** Not used in average because specimens were losing moisture or gages were 
functioning improperly. 

gf Gage failed or began to function improperly. 



APPENDIX E 

TOTAL STRAIN CURVES AFTER LOADING 
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~H~INKAGE STRAIN ANO TE~PF.RATURE DATA BEFORE lOAOINA 

SPECIMEN A•8 

TEST TEMPERATURE AT QO DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP REAO/OIV SHR STRAIN* TEMP READ/DIV SHR STRAIN* 
<DAYS) (F) (FREQ) (MIC•UNITS) <F> (FREQ) OUC•UNITS> 

0,000 80,7 2119/2 3.9 86,0 2156/2 52,6 
0.000 86,0 2165/2 •57,1 91,3 2173/2 29,8 

,179 91,3 2152/2 •39,7 97,2 2184/2 14,9 
1,096 82,2 2158/2 •47,B 87,S 2218/2 •31,5 
2,242 79,2 2115/2 9,2 84,5 2)86/2 12.2 
3,096 72,5 2131/2 •11,9 76,3 2201/2 •8,2 
3,913 71,0 2131/2 •11,9 75,S 2201/2 .. 9.2 
4,908 70,2 2129/2 .. 9,2 75,S 2200/2 •6,8 
5,921 70,2 2126/2 .s.3 74,7 2198/2 •4,1 
7,083 71,0 2122/2 o.o 76,3 2195/2 0,0 

14,117 12.s 2112/2 13,l 78,S 2188/2 9,5 
27,929 70,2 2110/2 15,7 75,5 2185/2 13,6 
55,954 71,0 2111/2 14,4 76,3 2190/2 6,8 
82,958 72,5 2113/2 11.e 77,() 2194/2 1,4 
90,083 68,8 2115/2 9,2 74,0 2195/2 o.o 

* SHRINK~GE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 
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~HAINKAGE SH~AIN ANO TEMPERATURE DATA BEFORE LOAnING 

SPECIMEN A•9 

TEST TEMPE~ATURE AT QQ DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE: 

TTME TEMP READ/DIV <;l·O~ ~TRA I"I* TEMP J;lf11D/DJV SHt< STRAIN* 
WAY~) < F) cFREc~) (MIC-UNITS> ( F' ) (FREQ> (MIC-UNITS) 

0.000 80.7 2109/2 13.1 83.d 212012 53.1 
o.oou 89.7 2125/2 .. 7.9 89.0 2139/2 2a.o 

.}79 95.7 2138/2 •?5.1 95.7 2150/2 13.4 
1.096 86.7 2154/2 -46.4 86.0 2JA4/2 •32.3 
2.242 83.8 2111 /2 10.s 83.8 2150/2 13.4 
3.096 74.7 2128/2 -11.e 74.7 2167/2 ... 9.4 
3.917 74.0 2126/2 .9.2 73.2 2167/2 .9.4 
4.908 73.2 2127/2 -10.s 73.2 2167/2 .. 9.4 
S.917 82.2 212212 -3.9 73.2 2162/2 -2.1 
7.083 74.0 2119/2 o.o 74.0 2160/2 o.o 

14.113 11.0 2110/2 11.a 75.S 2150/2 13.4 
27.925 74.7 2105/2 18.3 73.2 2150/2 13.4 
SS.954 74.7 2106/2 11.0 74.0 2156/2 5.4 
82.958 74.7 2109/2 13.1 74.0 2162/2 -2.1 
83.333 75.S 2106/2 11.0 74.0 2161/2 -1.J 
90.083 74.0 2106/2 17,0 73.2 2161/2 -1.3 

* SHRINK~GE STRAIN IS CALCULATED FROM STRAIN 08Sf.'RVED AT 7 DAYS 
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~H~INKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN A•l2 

TEST TEMPERATURE AT QO DAYS 75 F 
TEST MOISTURE AIR ORV 

AXIAL GAGE RADIAL GAGE 

TIME TEMP REAOIOIV SHA STRAIN* TEMP READ/DIV SHR STRAIN* 
(DAYS) CF) (FREQ) <MIC-UNITS> (F) (FREQ) (MIC-UNITS) 

0,000 82,2 2139/2 53,5 83,8 2167/2 63,B 
0,000 86,7 2150/2 38,9 88,2 2178/2 49,0 

,175 93,5 2162/2 22,9 92,7 2193/2 28,7 
1,121 83,8 2180/2 •l,4 83,8 2213/2 1,4 
2,217 68,8 2179/2 0,0 69,5 2212/2 2,7 
7,108 70,2 2179/2 o.o 71,0 2214/2 0,0 
7,925 70,2 2160/2 25,6 71,0 2204/2 13,7 
8,925 71,0 2145/2 45,6 71,7 2195/2 26,0 
9,921 74,0 2134/2 60,2 75~5 2188/2 35,5 

10,954 70,2 2127/2 69,4 71,0 2184/2 40,9 
11,946 73,2 2120/2 78,6 73,2 2177/2 50,4 
12,967 72,S 2112/2 89,1 72,5 2171/2 58,5 
14,196 71,7 2103/2 100,9 72,5 2163/2 69,2 
27,929 71,7 2057/2 160,2 72,5 2131/2 111,8 
55,954 72,5 3993/4 236,2 73,2 2088/2 168,0 
80,912 71,7 3939/4 269,4 71~7 2068/2 193,8 
81,871 72.5 3952/4 261,5 74,0 2077/2 182,2 
e2.a11 73,2 3951/4 262,1 74,0 2076/2 183,5 
90,083 71,0 3954/4 260.2 72,S 2071/2 190,0 

• SHRINK~GE STRAIN IS CALCULATED FROM STRAIN OBSE"RVEO AT 7 DAYS 
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~HIHNKAGE STRAIN AND TEMPEHATURE DATA BEFORE LOADING 

SPECIMEN A•l9 

TEST TEMPERATURE AT ()0 DAYS 150 F 
TEST MOISTURE AIR ORY 

AXIAL. GAGE RADIAL GAGE 

TI~E TEMP READ/DIV SH~ STRAIN* TEMP READ/DIV SHR STRAIN* 
(DAYS) (F) (FREQ) <~IC-UNITS) (F) <FREQ) <MlC•UNITS> 

0.000 A3.0 2066/2 74.0 84.S 2126/2 82e9 

0.000 87,5 2079/2 57.3 89.7 2141/2 63.l 
,171 95,0 2092/2 40.5 96.S 2157/2 41,8 

1,117 85,2 2120/2 3.9 86,0 2187/2 l e4 

2,200 69,5 2117 /2 7-,9 71,7 2186/2 2,7 
7,104 71,7 2123/2 o.o 73.2 2188/2 o.o 
7,921 71,7 2102/2 27,5 73.2 2176/2 16e2 
8,921 72,S 2087/2 47.o 74.0 2161/2 36e4 
9,921 74,7 2076/2 61,2 11;0 2)57/2 41,8 

10,954 71,7 2070/2 68,9 73,2 2153/2 47,l 
11,946 74,0 2060/2 81,7 75,S 2147/2 55,1 
12,967 74,7 2054/2 89,3 77,0 2143/2 60,4 
14,192 75,5 2046/2 99,S 75,S 2134/2 72,4 

27,929 73,2 2001/2 156,0 74,0 2103/2 113,l 
55,954 74,0 3875/4 233,5 75,5 2056/2 173,7 
80,992 74,7 3826/4 262,7 74,7 2032/2 204,1 
81,950 74,0 3847/4 250,3 74.7 2041/2 192,7 
84.250 73.2 3843/4 252,6 74,7 2040/2 194.0 
90.083 143,0 3825/4 263,3 145~2 3964/4 266,3 

* SHRINKAGE STRAIN IS CALCULATED FRO~ STRAIN ORSFRVEO AT 7 DAYS 
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~HAINK4GE ST~AIN AND TEMPERATURE DATA BEFORE LOADING 

SPECIMEN A•22 

TEST TEMPERATURE AT QO OAVS 150 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP REAO/OIV SJ.IR STRAIN* 
(DAYS) < F) (FREQ) (MIC•U~IITS) <F> <FREQ) <MIC•UNITS> 

0.000 eJ.o 2134/2 40.0 83.0 2116/2 62e3 
0.000 se.2 2146/2 24.o 87.5 2128/2 46.6 

.167 95.o 2162/2 2.7 95.0 2151/2 l6e0 
1.100 86.0 2186/2 •29.7 84.S 2184/2 -28.3 
2.233 81.5 2153/2 14.7 ao.1 215S/2 10.1 
3.092 74.0 2170/2 .a.1 73.2 2170/2 .9.4 
3.904 73.2 2170/2 -s.1 12.s 2170/2 •9,4 
4.908 12.s 2169/2 -6.7 11.1 2169/2 -a.1 
5.917 11.0 2168/2 .. s.4 77,7 2166/2 •4,0 
7,079 73.2 2164/2 o.o 12.s 2163/2 0,0 

14.108 76,3 2156/2 10.1 74.0 2154/2 12.0 
27.929 73,2 2154/2 tl.4 71,"T 2152/2 l4e7 
55,950 74.0 2160/2 5,4 12.s 2158/2 6,7 
eJ.ooo 74,0 2166/2 ... 2. 7 73,2 2164/2 •l,3 
90.083 145.2 2054/2 143.8 144,S 2062/2 132,3 

* SMRlNKaGE STRAIN IS CALCULATED FRO~ STRAIN OBSERVED AT 7 DAYS 
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~H~INKAGE SH~AJN A~O TEMPERATUHE DATA AEFORE LOADING 

SPECI~EN A•32 

TEST TEMPERATURE AT QO DAYS 150 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP REAO/t)l V SHR STRAIN* TEMP READ/DIV SHk STRAIN• 
(DAYS) ( F > (FREQ) (MIC-UNITS) <F> <FREQ) (MIC-UNITS> 

0.000 76.3 2088/2 70.8 as.2 2132/2 65.S 
0.000 eo.1 2101/2 53.9 s9.o 2144/2 49.6 

.167 86.7 2111/2 40.9 95.0 2155/2 34.9 
1.111 78.S 2138/2 s.3 A6.7 2184/2 •4,l 
2.221 62.0 2134/2 10.6 12.s 2184/2 •4,1 
1.100 65.o 2142/2 o.o 73.2 2181/2 0,0 
7,917 64,2 2121/Z 21.a 73,2 2169/2 16,2 
8.917 65,0 2106/2 47,4 74.0 2158/2 30,9 
9.917 68,0 2097/2 59,l 77,7 2151/2 40,3 

10,950 64.2 2091/2 66,9 73,2 2145/2 48,3 
11.942 68.0 2083/2 77,3 75.5 2140/2 54,9 
12.958 67.2 2079/2 82.4 77,0 2134/2 62,9 
14.187 67.2 2067/2 97.9 77,0 2126/2 73,4 
27,929 65.7 2026/2 149,9 74,7 2095/2 114,0 
55,946 67,2 3934/4 222,9 76,3 2050/2 171,8 
e1.ooo 67.2 3890/4 249.6 75,5 2028/2 199,6 
e1.qsa 67,2 3980/4 194,7 74,7 2029/2 198,4 
83.333 66.S 3907/4 239.3 75,5 2028/2 199,6 
90,083 137,7 3816/4 293,8 147,5 3911/4 289,2 

• SHRINK~GE STRAIN IS CALCULATED FRO~ STRAIN OBSERVED AT 7 DAYS 
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c::H~INKAGE STA~IN ANO TEMPE~ATURE DATA ~EFORE LOA(')JNG 

SPECIMEN A•35 

TEST TEMPERATURE AT go OAYS 150 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SMR STRAIN* TEMP READ/DIV SHR STRAIN* 
(DAYS) ( F > (FREQ) (MJC ... UNJTS) (F) (FREQ) (MIC•UNITS) 

0,000 82,2 2082/2 23,3 85,2 2126/2 13,2 
.o, 000 86,0 2094/2 7.8 89,7 2138/2 •2,6 

,167 92,0 2107/2 -9, 1 96,5 2152/2 •21,3 
1.100 83,8 2127/2 •35,4 87,5 2167/2 •41,4 
2.221 80,7 2094/2 7,8 83,8 2135/2 1,3 
3,n92 73,2 2109/2 •11,7 76,3 2)48/2 •15,9 
3,904 72,5 2108/2 •10,4 74,7 2147/2 •14,6 
4.896 71,0 2107/2 .9.1 75,5 2145/2 •11,9 
5,908 71,7 2104/2 -s.2 78,5 2142/2 •8,0 
7,075 71,7 2100/2 0,0 75,5 2136/2 o.o 

14,187 71,7 2091/2 11.1 77,0 2124/2 15,8 
27,929 71,7 2089/2 14,3 75,5 2120/2 21.1 
55,958 72,5 2091/2 11,7 75,5 2122/2 18,5 
83,250 71,7 2092/2 10,4 76,3 2123/2 17,2 
83,458 71,7 2094/2 7,8 74,7 2125/2 14,5 
90,083 142,2 3975/4 142,6 146,0 2008/2 164,4 

* SMRINK~GE STRAIN IS C•LCULATEO FRO~ STRAIN oas,RVEO AT 7 DAYS 
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<.H~INKAGE STRAIN AND TEMPERATURE DATA BEFORE LOADING 

SPECIMEN A•38 

TEST TEMPEQAlURE AT QO OAYS 75 F 
TEST MOic;TURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SH" STf.HlIN* TEMP READ/OIV SHH STRAIN* 
<DAYS) ( F) (FREQ) <MIC-UNITS, < F > (FREQ) CMlC•UNITS> 

0.000 A6e0 2134/2 58,8 83.0 212012 77,3 
0.000 A9.7 2147/2 41,6 88,2 2132/2 61,5 

,162 96,5 2159/2 2s.s 95,0 2146/2 42,9 
1.10a 87.5 2181/2 -4. 1 86,7 2178/2 o.o 
2.225 A3e0 2160/2 21+ •. 2 81,5 2157/2 28•2 
1.og6 12.s 2178/2 o.o 71,7 2178/2 o.o 
7.900 74.0 2161/2 22.9 73.2 2170/2 10,8 
8.912 74,0 2148/2 40,2 73,2 2161/2 22,9 
9,912 77,7 2140/2 50,9 76,3 2155/2 3n,9 

10.946 74,0 2132/2 61.5 73,2 2149/2 38,9 
11.942 77,0 2124/2 72,0 76,3 2143/2 46,9 
12.954 74,7 2118/2 79.9 75,5 2140/2 50,9 
14,183 76.3 2109/2 91.7 74.7 2131/2 62,8 
27.929 74,7 2065/2 148,6 74,0 2099/2 104,7 
55,942 76,3 2007/2 221.a 74,7 2057/2 1SB,9 
80,983 71,7 3790/4 3S7,3 71,7 2036/2 185,S 
81.442 11.1 3985/4 239.8 76.3 2035/2 186,8 
84.167 76,3 3990/4 236.7 74,7 2037/2 184,2 
84.333 76.3 3991/4 236.1 75,S 2037/2 184e2 
90.083 73.2 3996/4 233.0 71.7 2033/2 189,3 

* SHA!NK~GE STRAIN IS CALCULATED FROM STRAIN 08SFRVED AT 7 DAYS 



253 

~H~JNt<AGE STRAIN ANO TEMPERATURE DATA REFORE LOADING 

SPECIMEN R•l 

TEST TEMPERATURE AT QO DAYS 150 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHH STRAIN* TEMP READ/DIV SHR STRAIN* 
(DAYS) CF> (FREQ> (MIC-UNITS) CF) (FREQ) (MlC•UNITS> 

0.000 11.0 2115/2 35.6 72,5 2044/2 43,4 
0.000 80,0 2124/2 23,8 76,3 2t,S2/2 33.3 

,125 80,0 2124/2 23,8 76,3 2052/2 33,3 
,967 86,7 2139/2 4.0 82,2 21)65/2 16,7 

1,962 83,8 2144/2 •2,7 ao.o 2t,71/2 9,0 
1.200 71,7 2142/2 o.o 67,2 2078/2 0,0 
7,979 74,0 2113/2 38,3 70,2 2057/2 26,9 
9,162 74,7 2099/2 56,5 71,0 2045/2 42,2 

10.208 74,7 2089/2 69,5 72,5 2036/2 53,6 
10,958 74,7 2084/2 76,0 10;2 2033/2 57,3 
11.950 74,7 207712 85,0 70~2 2027/2 64,9 
13,096 74,7 2072/2 91,4 70~2 202212 71,2 
14,158 74,7 2064/2 101,7 71~0 2016/2 78,7 
22,117 78,5 2006/2 174,9 70,2 3991/4 104,2 
28,004 75,5 2018/2 159,9 71,7 3962/4 122.1 
56,096 73,2 3943/4 217.4 69,5 3886/4 168,3 
83,012 74,0 3880/4 255,6 70~2 3828/4 203,0 
83,179 92,7 3808/4 298,5 89,0 3778/4 232,4 
89,917 1s2.o 3747/4 334,2 147it5 3710/4 271,9 

* S~Rl~K~GE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 



254 

c.riAINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN q.4 

TEST TEMPERATURE AT QO OAVS 150 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SH~ STRAIN• TEMP READ/DIV SHR STRAIN• 
(OAVS) ( F > (FREQ) (MlC•UNlTS> (F) (FREQ) (MlC•UNITS> 

0,000 74,0 2079/2 •18,0 79,? 2086/2 10,4 
0,000 77,7 2088/2 •29,6 83,0 2096/2 •2,6 

.12s 77,7 2088/2 -29,6 83,0 2096/2 •2,6 
,967 84,5 2099/2 •43,9 89,7 2112/2 •23,S 

1,975 81,5 2100/2 •45,2 86,0 2114/2 •26,l 
2,017 105,5 2058/2 8,9 111,s 2058/2 46,3 
2,929 79,2 2076/2 •14,l e1.s 2097/2 •3,9 
3,908 72,5 2077/2 •15,4 77,7 2101/2 ... 9.1 
4,917 74,7 2071/2 .1.1 80,7 2099/2 •6,5 
5,929 74,0 2070/2 .6,4 80,0 2096/2 •2,6 
7,112 74,7 2065/2 o.o 79,2 2094/2 0,0 

14,154 72,S 2053/2 15,3 77,7 2086/2 10,4 
28,000 72,5 2046/2 24,2 11,1 2085/2 11,7 
56,092 71,7 2050/2 19,1 78,5 2098/2 •S,2 
82,917 71,7 2048/2 21,7 77,0 2101/2 •9,1 
89,917 149,0 3797/4 204,6 155,0 3964/4 141,S 

* SHRI~KAGE STRAIN IS CALCULATED FROv STRAIN 08Sf'AYEO AT T DAYS 



255 

c;H~INt<AGE STRAIN ANO TEMPERATURE DATA 8EFORE LOADING 

SPECIMEN q.5 

TEST TEMPERATURE AT 90 DAYS 1SO F 
TEST MOISTURE AIR ORY 

AXIAL. GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN• TEMP READ/DIV SHR STRAIN* 
(DAYS) CF> cFREQ) (MIC-UNITS> CF> (FREQ) CMIC•UNITS> 

0.000 76.3 2101/2 38.o 70,2 2085/2 40.4 
0,000 AO,O 2112/2 23,7 74,7 2091/2 24,8 

,125 80,7 2112/2 23,7 74,7 2096/2 26.l 
,967 86,7 2127/2 4,0 80,0 2103/2 17,0 

1,958 83,8 2128/2 2,6 11,1 2106/2 13,1 
7,196 73,2 2130/2 o.o 66,5 2116/2 0,0 
7,979 74,7 2103/2 35,4 68,8 2099/2 22,2 
9,158 7!5,5 2()88/2 54,9 69,S 2088/2 36,S 

10,204 14,1 2077/2 69,1 68~8 2079/2 48,1 
10,954 74,7 2073/2 74,3 68,8 2074/2 54,6 
11,946 74,7 2065/2 84.5 68,8 2069/2 61,0 
13,096 74,7 2058/2 93,5 68,8 2(165/2 66,1 
14,154 75,5 2os112 102,4 69,S 2059/2 73,8 
22,113 74,7 2022/2 139,0 69,5 2041/2 96,7 
28,004 75,5 2005/2 160,2 69,5 2027/2 114,3 
56,096 74,7 3916/4 218,0 68,0 3988/• 155,4 
82,000 74,0 3853/4 255,9 68,0 3934/4 188,6 
82,250 83,0 3818/4 276,7 77,7 3q08/4 204,4 
89,896 150,5 3785/4 296,2 144,5 3783/4 278,9 

* SHRINKAGE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 



255 

c;HRINt<AGE STFUIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN ~-7 

TEST TEMPERATURE AT 90 DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SH~ STRAIN* TEMP READ/DIV SHR STRAIN* 
(DAYS) <F> (FREQ) <MIC•U~IITS\ ( F) (FREQ) <MIC•UNITS> 

0.000 78.S 2079/2 -1.J 75.S 2133/2 •lle9 
0.000 a2.2 2092/2 -1e.1 eo.1 2144/2 •26.5 

.125 82.2 2091/2 •16.8 80.7 2144/2 •26.5 

.929 se.2 2106/2 •36.3 86.0 2153/2 •38eS 
2.004 83.8 2110/2 •41.'5 A6.0 2150/2 •34e4 
2.096 104,0 2058/2 25.6 1os.s 2103/2 21.s 
2.925 83.0 2086/2 -10.3 eo.o 2131/2 •9e2 
3.904 11.0 2088/2 •12.9 74.7 2134/2 •l3e2 
4.912 79.Z 2082/2 .s.2 79.2 2131/2 .9.2 
S.925 RO.O 2081/2 -3.9 14.1 2128/2 .5.3 
1.108 AO.O 2078/2 o.o 11.0 2124/2 o.o 

14.150 11.1 2070/2 10.3 75,S 2114/2 l3el 
2a.ooo 77,0 2068/2 12.9 74,7 2111/2 11.1 
56.096 76.3 2076/2 2.6 74,0 2117/2 9.2 
82.917 76.3 2079/2 -1.3 74,0 2120/2 5.3 
A9.A75 74.7 2080/2 -2.6 73.2 212012 5.3 

* SHAINK~GE STAAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 



256 

~HR INKAGE STFU IN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN A•l3 

TEST TEMPERATURE AT QO OAYS 150 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

T IMF.: TEMP READ/DIV SHA STRAIN* TEMP READ/DI\/ SHR STRAIN* 
<DAYS) <F> (FREQ) (MIC-UNITS) (F) (FREQ) <.,.lC•UNITS> 

0.000 73.2 2093/2 -2.6 76.3 20A9/2 s.2 
0,000 77.7 2104/2 •16,9 A0,7 2102/2 -11.1 

.125 77.7 2105/2 -10.2 A0.7 2102/2 -11.1 
,971 R3.8 2122/2 -•o.s 86.7 2\22/2 .37,9 

2.1se 80.0 2117/2 •33.9 84.S 2115/2 •28e7 
2,192 A7.5 2117/2 •33.9 89,0 2}06/2 •16.9 
2.933 78.5 2098/2 •9, l 78.5 2099/2 -1.s 
3.858 74.0 2098/2 -9.1 75.S 2101/2 •10,4 
4.912 1s.s 2099/2 -10,4 75.5 210012 .. 9.1 
5.929 72.S 2095/2 .. s.2 75.S 2096/2 .3.9 
1.1so 73.2 2091/2 o.o 76.3 2n93/2 0,0 

14.}54 73.2 2081/2 12.9 76,3 2()85/2 10,4 
28,000 73,2 2080/2 14,2 75,5 2084/2 11,7 
56,096 12.s 2090/2 1,3 74,7 2090/2 3,9 
82,Ql7 72,5 2094/2 -3,9 74,7 2n94/2 •l e3 
90,042 146,0 3928/4 159,.6 148.2 3A52/4 208,1 

* SHRINKAGE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 .DAYS 



257 

c_HAINKAGF: STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECI~EN 8•16 

TEST TEMPERATURE AT qo DAYS 150 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP REAOIDIV SH~ STRAIN* TEMP REAO/OyV SHR STRAIN* 
(DAYS) (f) cFREQ) fMIC-UNITSl ( F) <FREQ) OHC•UNI TS l 

0.000 77,7 2106/2 2,6 74,0 2086/2 6,5 
0.000 82.2 2118/2 •13,1 1a.s 2100/2 •11,7 

.125 82,2 2116/2 -10.s 77,7 2100/2 -11.1 

.967 88,2 2137/2 .. 3e.2 84,5 2128/2 •48,4 
1,958 86,7 2135/2 •35.S 81,5 2122/2 •40,5 
2.125 106,3 2086/2 28.6 103,2 2124/2 •43,1 
2.921 80,7 2112/2 .. s.2 eo.o 2100/2 -11.1 
3.904 76.3 2115/2 -9.2 73,2 2101/2 -13,0 
4,908 80,0 2113/2 -6.5 75,5 2099/2 •10,4 
5.929 11.1 2111/2 -3.9 73.2 2096/2 •6,5 
7.146 71,1 2108/2 0,0 74,0 2n91/2 0,0 

14,158 77,7 210012 10.4 74,0 2079/2 15,5 
27,996 77,7 2100/2 10,4 73,2 2077/2 lA,1 
56,096 77.0 211112 .3,9 72,S 208A/2 3,9 
82.917 76,3 2114/2 -7,9 73,2 2091/2 o.o 
e9,896 152,0 2013/2 121,4 148,2 3962/4 138,9 

* SHRINKAGE STRAIN IS CALCULATED FRO~ STRAIN 08SFRVEO AT 7 DAYS 



258 

~HAINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN 8•19 

TEST TEMPERATURE AT QO DAYS 75 F 
TEST MOISTURE AIR ORV 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN• TEMP READ/DIV SHR STRAIN* 
(DAYS) ( F) (FREQ) <MIC•UNtTS\ (F) (FREQ) (MlC•UNITS> 

0.000 76.3 2092/2 3s.2 68.8 2113/2 64.9 
0.000 ao.-r 2104/2 19.6 73.2 2125/2 49.2 

.12s Al.5 2105/2 18,3 73.2 2126/2 47,9 

.963 ~1.s 2124/2 -6.6 80,0 2154/2 10.1 
1,954 85.2 2121/2 -2.6 77,0 2153/2 12.0 
7.188 71.7 2119/2 o.o 64,2 2162/2 0,0 
7,971 75.5 2095/2 31,4 68.0 2146/2 21,4 
9.158 75.S 2079/2 52.1 68.0 2133/2 38,6 

10.204 76,3 2068/2 66,2 68.8 2124/2 so.s 
10.946 76,3 2063/2 72.6 1)8.0 2119/2 57,1 
11.942 76.3 2057/2 A0,3 68,8 2114/2 63.6 
13,092 75,5 2051/2 87.9 68,8 2109/2 70,2 
14.162 76.3 2043/2 98,l 68,8 2102/2 79,3 
22.104 75.S 2014/2 134.S 68,0 2080/2 107.8 
2e.ooo 68.8 3993/4 156.3 76.3 2065/2 127,1 
56.096 68.0 3899/4 213.8 76,3 2025/2 177,8 
02.000 79.2 3835/4 252.1 67,2 3999/4 209.6 
82.167 A7.S 3790/4 278.7 eo.1 3966/4 230,0 
82.958 91,3 3841/4 248.~ 83.8 2002/2 206,S 
89.A75 74.7 3852/4 242.0 67,2 2noo12 209,0 

* SH~I~K~GE STRAIN IS CALCULATED FRO~ STRAIN 08SF,::RVED AT 7 OAYS 



259 

c:;H~JNKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOAOING 

SPECIMEN 8•23 

TEST TEMPERATURE AT e>O DAYS 75 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TlMF TEMP REAO/Dl\l SHR STRAIN• TEMP READ/DIV SHH STHAIN* 
(DAYS) ( F > (FREQ) (MJC•UNITS> (F) <FREQ) (MIC-UNITS) 

0.000 76.3 2069/2 53.1 11.1 2051/2 42.3 
0.000 82.2 2084/2 33.8 e2.2 2064/2 2s.1 

.125 82.2 2083/2 35, 1 82.2 2065/2 24.4 

.958 89.0 2109/2 1.3 89.0 2090/2 -1.a 
1,950 A6.0 210112 11.1 86,0 2084/2 o.o 
1.183 73.2 2110/2 o.o 73.2 2084/2 0,0 
7.971 11.0 2086/2 31.2 73,2 2066/2 23.2 
9.}33 11.0 2070/2 51.8 11.0 2052/2 41.0 

10.204 77.7 2059/2 65.9 11.1 2n43/2 s2.s 
10,942 11.0 2055/2 71,0 77,0 2040/2 '56.3 
11.937 11.0 2048/2 79.9 77,0 2034/2 63.8 
13.088 76,3 2041/2 88.8 76,3 2029/2 10.1 
14,162 11.1 2033/2 98.9 11.1 2022/2 78.9 
22.100 77,7 2005/2 133,9 77,0 2001/2 1os.1 
27.996 77,0 3975/4 155.6 77.7 3978/4 119,9 
56.092 76.3 3875/4 216,4 76,3 JA.99/4 168.2 
e2.ooo 11.0 3804/4 258,7 77,0 3843/4 201,A 
A2,l67 95.0 3758/4 2AS.7 92.7 3792/4 232,0 
83,958 92.0 3823/4 247.S 92,0 3~57/4 lQJ,4 
90,042 74,7 3834/4 240,9 74,7 3~49/4 198,2 

* SHAl~K~GE STRAIN IS CALCULATED FRO~ STRAIN OBSERVED AT 7 DAYS 



260 

c:HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN B•26 

TEST TEMPERATURE AT qo DAYS 150 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP REAO/OIV SHR STRAIN• TEMP REA.D/OIV SHR STRAIN• 
(DAYS) (F) (FREQ) (MJC•UNITS) (F) (FRECH <MlC•UNITS) 

0.000 77,0 2054/2 47.S 74.0 2091/2 48.4 

0.000 A2.2 2069/2 28,4 79,2 2104/2 31,5 
.12s R2.2 2069/2 28.4 79.2 2106/2 28.9 
.967 ee.2 2087/2 s.2 86,0 2126/2 2.6 

1.954 85.2 2087/2 s.2 83.0 2125/2 4.0 
7.183 72,S 2091/2 o.o 69e5 2128/2 0,0 
7.971 11.0 2065/2 33.s 74.7 2109/2 2s.o 
9.133 11.0 2047/2 56,4 74,7 2098/2 39.3 

10.204 77.0 2036/2 70,4 74,7 2090/2 49,7 
10.942 77,0 2030/2 77,9 74.0 2086/2 54,9 
11.937 11.0 2023/2 A6,7 74,0 2080/2 62,6 
13.088 76.3 2016/2 95., 74.0 2076/2 67e8 
14,162 11.1 200112 106.7 74.0 2069/2 76.8 
22.100 77.0 3951/4 145.6 74.0 2047/2 104,8 
21,9q6 77,0 3910/4 170.6 75,S 2n34/2 121,3 
s6.oQ6 77,0 3800/4 236,3 74,7 3995/4 166,9 

82.00'+ 76.3 3729/4 211.1 74.0 3936/4 203.2 
e2.11s cn. 7 3b71/4 3}1..0 92.7 3893/4 229113 
90,042 149,7 3690/4 300.2 147,5 3835/4 264,0 

• SHRINK~GE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 
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c:HAINKAGE STRAIN AND TEMPERATURE DATA BEFORE LOADING 

SPECIMEN 8•29 

TEST TEMPERATURE AT 90 DAYS 7S F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAG£ 

TJME TEMP READ/DIV SHR STRAIN* TEMP REAO/OJV SHH STRAIN* 
(DAYS) (F) (FREc~> <MIC-UNITS) (F) (FREQ) (MIC•UNITS> 

0.000 76.3 2065/2 10.3 76.3 2079/2 1412 
0.000 e2.2 2080/2 .9.o 01.s 2090/2 o.o 

.125 82.2 2080/2 .9.o a2.2 2()92/2 -2.6 
1971 88.2 2100/2 •34,9 87,S 2114/2 •31 e3 

1,954 88,2 2100/2 •34,9 es.2 2113/2 -30,0 
2.1so 82.2 2097/2 •31.0 a1.s 2103/2 •16.9 
2,917 ao.o 2080/2 -9.0 Bl .s 2n97/2 .9.1 
3,900 77,0 2081/2 -10.3 76.3 2100/2 -13.0 
4.908 R0,7 2079/2 .. 1.1 eo.7 2095/2 •615 
5,925 77.0 2076/2 .,.3,9 77,0 2093/2 .3.9 
7,183 77,0 2073/2 o.o 11.0 2n90/2 o.o 

14.}62 77.0 2064/2 11.s 11.0 2083/2 9.1 
2a.ooo 11.0 2064/2 11.s 11.0 2084/2 7,8 
56.096 77,7 2074/2 ... 1.3 77,0 2096/2 -1.a 
82,917 76,3 2079/2 .,.7, 7 75,5 2100/2 -13.o 
90.042 74.7 2080/2 -9.0 74.0 2101/2 •l4e3 

* SHAINK~GE STRAIN IS CALCULATED FROM STRAIN ORSFRVED AT 7 DAYS 



262 

t;HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN 8•41 

TEST TEMPERATURE AT ~O DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHN STRAIN* TEMP READ/DIV SHk STRAIN* 
(DAYS> <F> (FREQ) (MIC-UNITS) (F) (FREQ) (MIC-UNITS) 

0.000 66.5 2119/2 7,9 11+.1 2052/2 -2.s 
0.000 72,S 2129/2 .. 5.3 eo.o 2066/2 -20.4 

.121 72.5 2133/2 •10,6 eo.7 2067/2 -21.1 
,958 1a.s 2156/2 •41,1 86,0 2091/2 •52,6 

2,142 72,5 2150/2 •33.1 81,S 2080/2 •38,4 
2,162 ~4.5 2143/2 •23.8 93,5 2063/2 -16,6 
2,904 71,7 2131/2 .. 7,9 ao.o 2060/2 -12.1 
3,842 Fi7,2 2133/2 •10,6 74.7 2060/2 -12.1 
4,908 11.0 2130/2 .. 6.6 76,3 2n55/2 •6,4 
S.921 66,S 2127/2 -2.6 75,5 2053/2 •3,8 
7.200 67.2 2125/2 o.o 74,7 2050/2 o.o 

14,158 66,5 2116/2 11.s 75,5 2040/2 12,7 
27,992 67.2 2114/2 14,5 75,S 2037/2 16,5 
56.096 65,0 2121/2 s.J 11.0 2047/2 3,8 
83,887 65.7 2125/2 o.o 74,0 2048/2 2,5 
90.000 65,0 2116/2 11.s 12.s 4080/4 12,7 

* SHRINK~GE STRAIN IS CALCULATED FRO~ STRAIN OBSERVED AT 7 DAYS 



263 

~HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN 8•42 

TEST TEMPERATURE AT qO DAYS 75 F 
TEST MOISTURE AIR DRY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP REAO/OIV SHR STRAIN• TEMP RE.AD/DIV SHR STRAIN* 
(DAYS) (F> (FREQ) (MIC•UNITS> <F> (FREQ> (MlC•UNITS> 

0.000 74.7 209312 43.2 10.2 2152/2 39.0 
0.000 eo.o 2105/2 27.S 1s.s 2168/2 11.s 

.121 ao.o 2107/2 24.9 1s.s 2167/2 18.9 

.958 86.0 2130/2 .s.3 ao.1 2188/2 .9.5 
1.950 aJ.o 2127/2 -1.3 79.2 2,0212 -1.4 
1.204 t,9.5 2126/2 o.o 65.7 2181/2 o.o 
7.967 74.0 2103/2 30.2 69.5 2164/2 22.9 
9.158 73.2 2088/2 49.6 11.0 2155/2 34.9 

10,204 74 • 7 2079/2 61.3 71.0 2148/2 44.3 
10.933 74.0 2074/2 67.7 70.2 2146/2 46.9 
11.929 74.0 2067/2 76.7 11.0 2140/2 54.9 
13.079 74.0 2061/2 B4.4 10.z 2136/2 60e2 
14.158 74.7 2052/2 95.8 11.0 2130/2 68e2 
22.092 74.7 2023/2 132.5 10.2 2114/2 89.2 
27.992 74.7 2005/2 1ss.o 11.0 2106/2 99.7 
56.096 74.0 3921/4 209.7 69.S 2086/2 12s.1 
81.979 74.7 3855/4 249.4 69.S 2064/2 154.0 
02.154 83.8 3821/4 269.7 A0.7 2050/2 111.s 
83.408 75.5 3857/4 248.2 11.1 2063/2 1ss.2 
90.000 12.s 3851/4 251.8 68.8 2n72/2 l43e7 

* SHAINK~GE STRAIN IS CALCULATED FROM STRAIN 0BSFRVED AT 7 DAYS 



264 

~HRINKAGE STRAIN AND TEMPERATURE OATA BEFORE LOADING 

SPECIMEN c-6 

TEST TEMPERATURE AT QO DAYS 75 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SHR STRAIN• 
<DAYS) <F> (FREQ> <MIC-UNITSl (F) ( FREQ) (MIC•UNITS) 

0.000 79.2 2080/2 9.o 83.8 2106/2 -1a.2 
0.000 74. 7 2054/2 42.4 78.5 2098/2 -7.8 
1.12s Al.5 2086/2 1.3 A6e0 2098/2 -1.e 
1.904 11.0 2083/2 s.2 ao.1 2093/2 -1.3 
7.237 10.2 2087/2 0,0 74.7 2092/2 0,0 
7.987 11.0 2068/2 24,5 73,2 2079/2 16,8 
8,917 71,7 2057/2 38.5 76,3 2n69/2 ?.9e7 
9,950 71,7 2048/2 so.o 78,S 2062/2 38.6 

10.950 74.0 2040/2 60.1 76.3 2057/2 45.0 
11,950 73.2 2035/2 66,4 78,5 2052/2 51,4 
12,904 12.s 2027/2 76.S 11.0 2046/2 59.0 
13,942 72,S 2022/2 A2.A 77,7 2041/2 65,3 
2e.2so 72,5 3954/4 138,6 77,0 2008/2 106,8 
55.917 71.7 3850/4 201.s 11.0 3947/4 149,3 
82,000 71,7 3796/4 233,S 76,3 3R89/4 184.6 
83,000 en .3 3727/4 273.7 98,8 3A36/4 216,3 
84.167 90,5 3809/4 22s.e 86,7 3916/4 l68e2 
89,937 10.2 3816/4 221.7 73.2 3908/4 173.l 

• SHRl~KaGE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 



265 

c.H~INKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN C•ll 

TEST TEMPERATURE AT cao DAYS 75 F 
TEST MOISTURE AlR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN• TEMP READ/DIV SHR STRAIN• 
(DAYS) (F> (FREQ) CMIC-UNITSl < F > <FREQ) (MlC•UNITSl 

0,000 Alt,5 2112/2 •31,2 70,2 2104/2 •9,1 
0,000 79,2 2086/2 2,6 66,5 2n7712 25,9 
1,129 A6,7 2106/2 -23,4 73,2 2093/2 5,2 
1,904 83,0 2099/2 •14,3 70,2 2n90/2 9, l 
7,237 75,5 2088/2 o.o 62,0 2097/2 0,0 
7,Q92 76,3 2068/2 25,8 62,7 2084/2 16,8 
8,917 76,3 2056/2 41.1 62,7 2075/2 28,5 
9,946 77,0 2045/2 55, 1 63,S 2n66/2 40,0 

10,950 79,2 2037/2 65,2 66,S 2060/2 47,7 
11,954 79,2 2029/2 75,3 65,7 2053/2 56,6 
12,908 77,7 202112 85,3 64,2 2046/2 65,5 
13,942 77,7 2015/2 92,9 64,2 2040/2 73,l 
28,254 77,7 3923/4 1S8,8 64,2 200012 123,2 
55,917 77,0 3808/4 227,7 64,2 3905/4 181,4 
83,125 91,3 3704/4 2A8,3 80,0 JJ:314/4 235,8 
89,937 75,5 3773/4 248,3 62,0 3R50/4 214.S 

* SMRINK~GE STRAIN IS CALCULATED FROM STRAIN OBSFRVED AT 7 OAYS 



266 

c;HRINKAGE SHUIN AND TF.MPERATURE DATA BEFORE LOAOINA 

SPECI"1EN c-12 

TEST TEMPERATURE AT QO DAYS 150 F 
TEST MO I STW~E AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN• TEMP READ/DIV SHR STRAIN* 
(DAYS) (F) (FREQ) (Mtc-UNITS) (F) (FREQ) (MIC-UNITS> 

0,000 80,7 2143/2 •27,8 84,5 2)00/2 •68,l 

0,000 75,5 2120/2 2.~ 79,2 2072/2 •31,9 
1,100 83,0 2151/2 •38,4 86,7 2083/2 •46,1 
1,879 83,0 2148/2 •34,4 86,7 2n1a12 •39,6 
1,925 85,2 2147/2 .. 33.1 89,7 2060/2 •16,6 
3,217 74,7 2126/2 -s.3 79,2 2053/2 -7,6 
3,954 74,7 2127/2 -6,6 78,5 2054/2 •8,9 
4,954 73,2 2126/2 .. s.3 78,5 2052/2 •6,4 
6,096 73,2 2124/2 -2,6 78,5 2050/2 •3,8 
7,179 73,2 2122/2 0,0 11,1 2n47/2 0,0 

13,942 73,2 2115/2 9,2 77,7 2037/2 12,7 
28,379 73,2 2112/2 13,1 77,7 2032/2 19,0 
55,942 74,0 2117/2 6,6 78,5 2032/2 19,0 
83,125 69,5 2128/2 .7,9 74,0 2n42/2 6,3 
89,937 l4CJ,O 2013/2 139,7 153,5 3787/4 187,5 

* SHAl~K~GE STRAIN IS CALCULATED FROM STRAIN OBSFRVEO AT 7 DAYS 
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CiHRlNK~GE STRAIN AND TEMPERATURE DATA BEFORE LOADING 

SPECIMEN C•l3 

TEST TEMPERATURE AT qo DAYS 150 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SH~ STRAIN* TEMP READ/DIV SHR STRAIN* 
COAYS) < F > cFREQ) tMIC•UNITS) ( F > <FREQ) (MIC-UNITS) 

0.000 74.o 2107/2 1.3 84.S 2135/2 •36.8 
0.000 68.0 2080/2 36.4 11.1 2106/2 1.3 
1.1 ?5 75.5 2110/2 -2.6 86.0 2126/2 •24.9 
1.900 72,5 2105/2 3,9 Ao.o 2119/2 -1s.1 
7,233 64,2 210A/2 o.o 73,2 2107/2 0,0 
7,987 63,5 2090/2 23,4 74,0 2098/2 11,7 
8,917 64.2 2078/2 38,9 74,7 2090/2 22,1 
9,946 65,0 2067/2 53,l 76,3 21'80/2 35,0 

10.954 65,7 2058/2 64,6 76.3 2073/2 44, l 
11,950 68.0 2051/2 73,S 78,5 2n6712 51,8 
12,908 65,7 2044/2 A2.4 77,0 2061/2 59,4 
13,942 66,5 2038/2 90,0 77,0 2('56/2 65,8 
28.254 t,6,5 3977/4 1Sl,8 11,0 2024/2 10,,,3 
55,917 65,7 3867/4 218,6 77,0 3980/4 148,6 
e2.ooo 65.7 3810/4 252,S 77,0 3923/4 183,5 
83,146 80,0 3768/4 277,2 93,S 3A94/4 201,l 
89,937 137,7 3745/4 290,6 149,0 3777/4 270.6 

* SHRINK~GE STRAIN IS CALCULATED FROM STRAIN OBSFRVEn AT 7 DAYS 
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~HRINKAGE STRAIN ANO TEMPERATURE DATA 8EFORE LOADING 

SPECIMEN C•l6 

TEST TEMPERATURE AT qo DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SHR STRAIN* 
(DAYS) (F) (FREQ) CMIC•UNITs, (F) (FREQ) CMIC•UNITS> 

0.000 83.0 2124/2 •54.8 72,5 2109/2 •S9,5 

0.000 77,0 2096/2 -1e.1 67,2 2080/2 •21,8 
1,104 84,S 212112 -so.a 74.7 2091/2 •36, 1 
1,875 87.5 2114/2 •41,6 74,7 2084/2 -21.0 
1,917 103.2 2063/2 24,4 93,S 2040/2 29,3 

3,212 11.0 2088/2 -7.8 67,2 2069/2 .7.7 
3.950 76,3 2089/2 .9 .1 65,7 2068/2 •6,4 
4,946 75.5 2087/2 •6,5 65.7 2068/2 •6,4 

6,096 74,7 2085/2 -3.9 65,0 2067/2 .. 5.1 
7,175 75.5 2082/2 o.o 65,7 2063/2 o.o 

13,937 75.5 2072/2 12,9 65.0 2054/2 11.s 
28,379 75,5 201012 15,4 65,0 2053/2 12.a 
55,917 76,3 2072/2 12,9 65.0 2058/2 6,4 

83.125 71.7 2080/2 2,6 62.0 2070/2 .9.0 
89,937 74,0 2076/2 7.7 64,2 2067/2 .. 5.1 

* SMRI~KnGE STRAIN IS CALCULATED FROM STRAIN 08SFRVEO AT 7 DAYS 
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~HRINKAGE STRAIN AND TEMPERATURE DATA BEFORE LOAOING 

SPECIMEN C•l7 

TEST TEMPERATURE AT qo DAYS 75 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SHR STRAIN• 
<DAYS) CF) (FREQ) <MIC•UNITS) (F) (FREQ) (MIC-UNITS> 

0.000 74,0 2112/2 7,9 84.S 2110/2 •29.9 
0.000 f..8,0 2090/2 36,5 11.1 2082/2 6.5 
1.12s 75,5 2120/2 .2.6 as.2 2n9212 -6.5 
1,896 70,2 2116/2 2.6 eo.7 2093/2 -1.a 
7,229 64,2 2118/2 o.o 74.0 2087/2 o.o 
7,987 63,S 2102/2 20,9 74,0 2076/2 14.2 
9,021 65,0 2088/2 39, 1 75,5 2060/2 34.7 
9,942 65,7 2078/2 52,0 76.~ 2056/2 39.8 

10,954 65.o 2070/2 62,3 78.S 2050/2 47.S 
11. 950 67,2 2065/2 68,7 78.S 2042/2 57.6 
12,904 65,7 2056/2 80,2 76.3 2037/2 63.9 
13,946 65,7 2050/2 A7,9 76,3 2031/2 71,S 
2e.2so 65.7 3988/4 158, 1 11.0 2000/2 110,2 
55.917 65.7 3900/4 211,9 76.3 3904/4 169,0 
82,000 65,7 3tJ42/4 246,7 77,0 3869/4 190,l 
83.125 87,5 3784/4 280,9 100.2 3793/4 235,2 
84.167 AO,O 3887/4 219.7 90.S 3A82/4 182,3 
~9.937 65.0 3879/4 224.5 74.7 3857/4 197.3 

* SHRI~K~GE STRAIN IS CALCULATED FROM STRAIN 08SfRVEO AT 7 DAYS 
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~HAINKAGE STRAIN AND TEMPERATURE DATA BEFORE LOADING 

SPECIMEN C•23 

TEST TEMPERATURE AT qo DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN• TEMP REAO/OIV SHR STRAIN* 
co~vs> <F> (FREQ) (MIC-UNITS) (F) (FREQ) <MIC .. UNITS> 

0.000 83.8 2096/2 -66.7 e2.2 2122/2 -so.a 
0.000 78.5 2073/2 .31.0 76.3 2094/2 •l4e2 
1.104 86.7 2097/2 .. 68.0 84.5 2117/2 •44e3 
1.917 83.8 2085/2 -s2.s eo.7 2109/2 •33e8 
2.12s 103.2 2063/2 -24.2 101.7 2069/2 10.0 
3.217 78.5 2054/2 -12.1 76.3 2090/2 .9.1 
3.954 78.S 2054/2 -12.1 75.s 2090/2 .9.1 
4.950 11.0 2051/2 .e.9 74.7 2088/2 •6e5 
6.101+ 77.0 2048/2 .s.1 74.7 2086/2 .3.9 
1.175 11.0 2044/2 o.o 75.S 2n83/2 o.o 

13.946 11.0 2031/2 16.4 74.7 2074/2 lle6 
28.379 76.3 2024/2 2s.2 74.7 2071/2 1s.s 
55.942 77.7 2024/2 ?5.2 76.3 2074/2 11.6 
83.125 73.2 2034/2 12.6 12.s 2086/2 .3.9 
89.937 74.0 2030/2 11.1 73.2 2083/2 o.o 

* SMRl~KAGE STRAIN IS CALCULATED FROM STRAIN 08SF:RVEO AT 7 DAYS 



271 

~HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN C•34 

TEST TEMPERATURE AT qO DAYS 150 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN• TEMP READ/DIV SHR STRAIN• 
<DAYS) < F) (FREQ) (MJC ... UNITSl ( F > (FREQ) (MIC•UNITS> 

0.000 R2e2 2100/2 -ss.4 82.2 2123/2 .79.1 
0.000 11.1 2077/2 -25,6 11.1 2097/2 •45,1 
1,104 85,2 2104/2 •60,6 86,0 2099/2 •47,7 
1,892 AS,2 2096/2 -so.2 86,0 2091/2 •31,3 
2,142 104,7 2050/2 8.9 110.1 2035/2 34,3 
3,217 77,0 2067/2 •12,A 78,S 2070/2 -10.2 
3.946 77.0 2066/2 -11.s 77,0 2070/2 •10,2 
4.946 77,0 2064/2 -8.9 77,0 2068/2 -1.1 
6,092 76,3 2060/2 .. 3.0 77,0 2065/2 •3,8 
7,175 76,3 2057/2 o.o 77,0 2062/2 o.o 

13,946 76,3 2046/2 14.0 11.0 2ns212 12,8 
28,379 76,3 2042/2 19,1 77,0 2050/2 15,3 
55,917 77,0 2043/2 17,8 77,7 2053/2 11,5 
83,125 72,5 2051/2 7,6 74,1 2064/2 •2,6 
89,937 146,0 3883/4 143,2 147,5 3892/4 144,l 

* SH~l~KAGF. STRAIN IS CALCULATED FROM STRAIN OBSF,:RVEO AT 7 OAYS 
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t:HRINKAGE STRAIN AND TEMPERATURE DATA BEFORE L.OADING 

SPECIMEN C•36 

TEST TEMPERATURE AT 90 DAYS 75 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SH~ STRAIN• TEMP READ/DIV SHR STRAIN* 
(DAYS) (F) (FREQ) (MIC•UNITS> (F> (FREQ) (MlC•UNITS> 

0.000 82.2 2105/2 .s.2 eo.o 2099/2 .45.2 
0.000 78,5 2084/2 22,1 75,S 2076/2 •1S,4 
1.121 86.7 2109/2 -10.• 84,S 2076/2 •15,4 
l.892 eo.o 2105/2 .s.2 80,0 2070/2 -1.1 
7,225 74,7 2101/2 o.o 12.s 2n64/2 0,0 
7,983 75,5 2086/2 19,S 73,2 2054/2 12,8 
8,908 76,3 2073/2 36.2 74,0 2044/2 25,5 
9,942 76,3 2061/2 51,6 74,7 2037/2 34,3 

10,954 77,0 2050/2 65,6 74,t 2032/2 40,6 
11,950 78,5 2047/2 69,4 76,3 2027/2 46,9 
12,904 77.0 2039/2 79,6 74.7 2020/2 55,7 
13,946 77,7 2033/2 87.l 74,7 2014/2 63,2 
28,250 77,7 3967/4 148,8 74,7 3959/4 105,9 
55,917 11.1 3860/4 213,7 74,7 3887/4 149,7 
82,000 77,7 3785/4 258.1 75,5 3842/4 176,7 
83,167 98,8 3738/4 285,S 98,8 3780/4 213,3 
84,000 74,7 3828/4 232.7 72,5 3872/4 158,7 
@9,937 150,5 3718/4 297,1 147,5 3706/4 2S6,2 

• SHRI~KaGE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 

L__ 
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~HRINt<AGE Sl~AIN AND TEMPERATURE DATA BEFORE LOADING 

SPECIMEN C•39 

TEST TEMPERATURE AT QO DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP REAO/OIV SHR STRAIN* TEMP REAO/OIV SHR STRAIN* 
<DAYS) <F> (FREQ) (MIC•UNITS\ (F) (FREQ) (MIC•UNITS> 

0.000 A3,0 2077/2 •64,9 83,0 2146/2 •67,1 
0,000 79,2 2055/2 •36.7 79,2 2119/2 •31,4 
1,108 86,7 2082/2 •71,3 87,S 2129/2 •44,5 
1,938 86,0 2073/2 -59,7 87,S 2123/2 •36,6 
2,142 93,5 2073/2 •59,7 93,S 2106/2 •14,3 
3,221 78,S 2038/2 •15,1 80,0 2103/2 •10,4 
3,946 77,7 2037/2 •13,9 79,2 2102/2 •9,1 
4,946 11.1 2035/2 •11,3 78,5 210112 •7,8 
6.092 77,0 2031/2 .6,3 78,S 2()99/2 •5,2 
7.175 77,7 2026/2 o.o 78,5 2095/2 0,0 

13,946 77,7 2015/2 13,8 78,5 2087/2 10,4 
28,383 77,7 2009/2 21,3 78,5 2085/2 13,0 
55,938 78,5 2007/2 23,8 78,S 2087/2 10,4 
83,125 75,5 2011 /2 18,A 11,0 2091/2 S,2 
89,937 74,0 201212 17,5 75,S 2094/2 1,3 

• SHRl~KbGE STRAIN IS CALCULATED FRO~ STRAIN 08S£RVEO AT 7 OAVS 
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c;HAINKAGE STAAIN ANO TEMPERATURE OATA BEFORE LOADING 

SPECI>-4EN C•41 

TEST TEMPERATURE AT QO DAYS 150 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME: TE~P READ/DIV SHR STRAIN* TEMP REAO/OtV SHR STRAIN* 
(OAVS) ( F) (FREQ) (MIC-UNITS) (F) (FREQ) (MIC•UNITS> 

0.000 72,S 2122/2 -43.1 eo.o 2105/2 •56,8 
0,000 70.2 2100/2 •14,3 11.0 2086/2 •32•1 
1,108 76,3 2117/2 •36.S 85,2 2107/2 •59,4 
1,933 75,5 2110/2 •27,3 AS,2 2099/2 •49,0 
2,175 A9e0 2081/2 10,3 98.0 2072/2 •14,l 
3,217 68.8 2094/2 .. 6.5 77,7 2068/2 •9,0 
3,950 67,2 2096/2 -9.l 75.S 2067/2 -1.1 
4,Q42 66,5 2094/2 •6,5 75,5 2065/2 •S, l 
6,088 66,5 2091/2 -2,6 75,5 2063/2 •2,6 
1.111 67,2 2089/2 0,0 75,S 2061/2 o,o 

13,942 67,2 2080/2 11,6 75,S 2oS1/2 12,7 
28,379 67.2 2078/2 14,2 75,5 2047/2 17,8 
55.921 66,5 2085/2 5,2 76.3 2051/2 12,7 
83,129 65,7 2090/2 •1,3 74,7 2055/2 7,7 
89,937 138,5 3968/4 132,6 149,0 3875/4 153,l 

• SHRINKAGE STRAIN IS CALCULATED FROM STRAIN OBSE:RVED AT 7 DAYS 



275 

<;HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN C•46 

TEST TEMPERATURE AT qo DAYS 150 F 
TEST MOJSTU~E AIR ORY 

AXIAL GAGE R~OlAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SHR STRAIN* 
(OAYS) (F) (FREQ) CMtC•U~JITSl ( F') (FREQ) CMIC•UNITS> 

0.000 eo.o 2096/2 19,6 ao.o 2099/2 -2.6 
0.000 072.2 2078/2 42,9 76,3 2079/2 23,3 
1.111 A4,5 2114/2 -3,9 A3,8 2099/2 -2.6 
3.888 80,7 2108/2 3.9 80.7 2093/2 s.2 
1.221 73.2 2111/2 o.o 12.s 2097/2 o.o 
7.983 74.0 2093/2 23.5 73.2 2085/2 1s.6 
a.gos 74.0 2080/2 40.3 74.7 2075/2 2e.s 
9,938 75.5 2067/2 57.0 75.S 2067/2 38.7 

10.954 75,5 2059/2 67.2 75,5 2060/2 47,7 
11,946 77,7 2052/2 76.l 77,0 2n56/2 52,8 
12,950 76,3 2043/2 87,.6 75,5 2048/2 63,0 
13,950 76,3 2037/2 95,2 75,5 2043/2 69,3 
2e.2so 76,3 3990/4 147,7 75,5 2015/2 104,S 
55,896 76,3 3859/4 227,3 75,S 3937/4 161,9 
82,000 76,3 3761/4 285,2 74,7 3862/4 207,3 
83,133 95,0 3740/4 297,4 95,7 3A28/4 227,S 
84.000 <n,o 3833/4 242,8 90.5 3907/4 180,2 
89,937 151.2 3748/4 292.A 150,5 3760/4 267,5 

* SMRINK~GE STRAIN IS CALCULATED FRO~ STRAIN 08SJ:"RVEO AT 7 DAYS 
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~HRINKAGE STRAIN ANO TEMPERATUME DATA BEFORE LOADING 

SPECIMEN 0-2 

TEST TEMPERATURE AT QO DAYS 150 F 
TEST MOISTURE AS CAST 

AXIAl.. GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SHR STRAIN* 
<D•vs> (F) (FREQ) (MIC-UNITS> (F> <FREQ) 041C•UNITS> 

0,000 71,7 2106/2 •41,5 71,0 2119/2 •54,6 
0.000 10.2 2103/2 -37,6 69,S 2113/2 •46,8 

,921 77,0 2106/2 •41,5 77,0 2109/2 •41,5 
1,925 69,5 2108/2 •44,1 69,5 2110/2 •42,8 
2.225 so.o 2054/2 25,6 80,0 2058/2 24,4 
2,950 69,5 2083/2 •11,6 68,0 2087/2 -12,9 
3,992 66,5 2083/2 •11,6 6S,O 2087/2 •12,9 
4,992 68,8 2081/2 .9,0 67,2 2084/2 -9,0 
6,146 66,5 2077/2 -3,9 65,7 2079/2 •2,6 
6,992 66,S 2074/2 o.o 65,7 2077/2 o.o 

14,042 66,5 2064/2 12.e 65,7 2067/2 12,8 
28,254 65,7 2063/2 14,l 65,7 2066/2 14,l 
56,008 66,S 2064/2 12.e 66,5 2066/2 14,l 
83,100 62,7 2072/2 2,6 62,7 2074/2 3,9 
89,937 140,7 3886/4 163,1 140,7 3885/4 167,6 

• SHRINK4GE STRAIN IS CALCULATED FROM ST~AIN OBSFRVEO AT 7 DAYS 
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<:HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN n.J 

TEST TEMPERATURE AT qo DAYS 150 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SHR STRAIN* 
(0.AYS) ( F) (FREQ) CMIC•UNITS) ( F) C FREQ) CMIC•UNITS> 

0.000 11.0 2111/2 3.9 eo.o 2100/2 •42e6 
0.000 68.8 2108/2 7.9 77.7 2n95/2 •36el 

.921 11.0 2116/2 -2.6 86.0 2n8S/2 •23e2 
l.933 12.s 2130/2 -21.1 e1.s 2095/2 •36.l 
1.000 65.o 2114/2 0,0 73,2 2067/2 o.o 
e.142 64.2 2094/2 26, 1 73.2 2057/2 12.e 
8,971 64.2 2083/2 40,3 73.2 2049/2 23e0 
9.979 64,2 2072/2 54.S 74,0 2n40/2 34.4 

10,988 65,0 2062/2 67,3 74,0 2031/2 45.7 
11,971 65,0 2056/2 75,0 74.0 2n2S/2 53.3 
13,100 65,0 2048/2 85,2 74~0 2018/2 62el 
14,042 65.0 2043/2 91.S 74.0 2014/2 67.1 
28,246 65,0 3995/4 148,5 73,2 3Q66/4 105.5 
56.000 65,7 3886/4 215, 1 74~7 3889/4 152·3 
92.042 65,0 3822/4 253,3 73,2 3A42/4 1eo.s 
83,250 71,7 3825/4 251,S 82,2 3798/4 206e5 
89.937 139,2 3796/4 268.6 148,2 3765/4, 225.9 

* SHRI~K~GE STRAIN IS CALCULATED FROM STRAIN OBSFRVEO AT 7 DAYS 
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c;HRINKAGE STRAIN ANO TEMPERATURE OATA BEFORE LOADING 

SPECIMEN 0-12 

TEST TEMPERATURE AT qo DAYS 150 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP REAO/OIV SHR STRAIN* TEMP READ/DIV SHR STRAIN* 
(DAYS) (F) (FREQ) (MJc .. UNITS) CF> (FREQ) (MlC•UNITSl 

0.000 11.0 21,15/2 •30.0 11.0 2115/2 •55,8 
0,000 ~9.5 2115/2 •30,0 69,5 211212 •51,9 

,912 76,3 2121/2 ... 37,9 75,5 2110/2 •49,3 
1,904 69,5 2120/2 •36,6 68,8 2103/2 •40,1 
2,208 80,0 2076/2 20,7 78,5 2059/2 16,6 
2,942 68,8 2101/2 •ll, 7 68,0 2n83/2 •14,2 
3,983 65,7 2100/2 •10,4 65,7 2082/2 •12,9 
4,983 68,8 2098/2 .. 7.e 68,8 2078/2 •1,1 
5,929 65,7 2094/2 •2,6 66,5 2076/2 •5, 1 
6,993 66.5 2092/2 o.o 66,5 201212 o,o 

14,033 66,5 2083/2 11.6 66,5 2062/2 12,8 
28,254 65,0 2074/2 23,2 65,0 2n61/2 14, 1 
56,013 67,2 2086/2 1.a 67,2 2062/2 12,8 
83,096 65,0 2092/2 o.o 65,0 2066/2 7,7 
89,937 138,S 201112 103,0 138,S 3908/4 147,3 

• SHRINKAGE STRAIN IS ~ALCULATEO FRO~ STRAIN OBSERVED AT 7 DAYS 
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~HqINt<AGE STRAIN ANO TEMPERATURE DATA BEFORE LOAOING 

SPECIMEN D•l5 

TEST TEMPERATURE AT QO DAYS 150 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP REAO/OIV SHR STRAltll* TEMP READ/DIV SHR STRAIN* 
(DAYS) <F> (FREQ) CMJC•UNlTS) <F> (FREQ) (MlC•UNtTS) 

0.000 70.2 2096/2 -47.7 77.7 2128/2 •62e6 
0.000 68.0 2089/2 -38.6 74.7 2123/2 •56.0 

.912 75.5 2094/2 •45.1 83.0 2116/2 •46.8 
1.913 6B.o 2093/2 •43.8 74.0 2112/2 •41,6 
2.242 74.0 2051/2 10.2 81,5 2015/2 6,4 
2.950 68.o 2065/2 .7,7 73.2 2089/2 •11,6 
3,992 64.2 2066/2 .9.o 71,7 2089/2 •11,6 
4,987 67.2 2064/2 -6.4 74~7 2087/2 .9.0 
5.938 65,0 2060/2 •l ,3 72,5 2083/2 •3,9 
6,987 65,0 2059/2 0,0 72~5 2080/2 0,0 

14,042 65,0 2051/2 10,2 71,7 2070/2 12,9 
28,262 64,2 2052/2 8,9 71,0 20T0/2 12,9 
56,000 65,7 2056/2 3,8 72,5 2073/2 9,0 
83,146 68,8 2066/2 -9,0 61,3 2nA2/2 •2,6 
89,937 138,5 3910/4 129,4 146,0 3951/4 131,4 

* SMRINK~GE STRAIN IS CALCUL4TEO FROM STRAIN OBSERVED AT '1 DAYS 
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c;HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECit.1EN 0•20 

TEST TEMPERATURE AT QO DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHlil STRAIN• TEMP READ/OIV SHR STRAIN* 
(OAVS) (F) (FREQ) CMIC•UNITS) CF) (FREQ) (MlC•UNITS> 

0.000 11.1 2095/2 •62.9 78.S 2062/2 .73.1 

0.000 69.5 2088/2 .53.e 76.3 2n56/2 •65.4 

.912 11.0 2084/2 •48.7 84.S 2043/2 •48,9 

1,883 10.2 2082/2 -46,l 11.0 2038/2 •42e6 

2.217 eo.o 4057/4 22.1 87,5 3979/4 1e.o 
2,950 68,8 2055/2 •11,4 74,7 2014/2 -12,5 

3.992 66,S 2050/2 .. 5.1 12.5 2012/2 -10.0 

4.987 68,8 2053/2 -8.9 74,7 2010/2 •7,5 

5.942 66,5 2048/2 .. 2.s 73.2 2007/2 .3.1 

6,987 66.5 2046/2 o.o 73.2 2004/2 o.o 
14.042 66.5 2037/2 11,4 73,2 3994/4 e.7 
28,258 65,7 2034/2 15,2 72,S 3CJ92/4 9,9 

56,000 67.2 2034/2 15,2 74,0 3996/4 7,4 
83,083 65.7 2038/2 10.1 73,2 2002/2 2,5 

89.958 63.5 2042/2 5, 1 69,S 2006/2 -2.s 

* SHRINK~GE STRAIN IS CALCULATED FRO~ STRAIN OBSF.RVEO AT 7 DAYS 
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c::HAINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN 0-22 

TEST TEMPERATURE AT ~O DAYS 150 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SHH STRAIN• 
<DAYS> (F) <FREQ) (MtC•UNITS> ( F > (FREQ> (MlC•UNITS> 

0.000 78.5 2091/2 -43.7 11.0 2108/2 .. 33.e 
0.000 76.3 2085/2 •36.0 75.5 2103/2 •27•2 

.912 02.2 2083/2 -33.4 81~5 2088/2 •1,8 
le917 79.2 2085/2 •36.0 79;2 2094/2 •15,5 
6.987 72,5 205712 0,0 71,0 2082/2 0,0 
8,133 71.7 2037/2 25.4 70,2 2074/2 10.3 
a.967 11.1 2028/2 36.7 10.2 2065/2 21,9 
9,971 11.1 2018/2 49,3 71,0 2059/2 29,5 

10.979 12.s 2010/2 59,3 71,0 2053/2 37,2 
11.967 72.5 2003/2 68.0 ·n ;o 2047/2 44,8 
13.096 73.2 3994/4 75.4 11;1 2041/2 52,4 
14,033 73,2 3986/4 80,4 71,0 2037/2 57,S 
28,250 72,5 3900/4 132,9 71,0 2007/2 95,1 
SS,979 74,0 3800/4 192.6 72,5 3937/4 142,5 
82,012 71,0 3748/4 223,0 71,0 3889/4 171,6 
83,250 79,2 3732/4 232.3 78,5 3A76/4 179.5 
89.958 148.2 3876/4 147,4 146.7 3759/4 248,7 

* SHRI~K,GE STRAIN IS CALCULATED FRO~ STRAIN OBSERVED AT 7 DAYS 
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c:;HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN 0•23 

TEST TEMPERATURE AT QO DAYS 150 F 
TEST MOI~TURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP REAO/OIV SH~ STRAIN* TEMP READ/DIV SHR STRAIN* 
(DAYS) <F> (FREQ> (MIC-UNITS> CF) (FREQ> (MIC•UNITS> 

0,000 81,S 2108/2 •24,7 83,0 2111/2 •29,9 
0,000 79,2 2102/2 •16,9 80,0 2103/2 •19,S 

,904 87,5 2093/2 .s.2 88,2 2092/2 •5,2 
1,921 83,0 2107/2 -23,4 84,S 2103/2 -19,5 
6,992 83,0 2089/2 0,0 77,0 2088/2 o.o 
8,142 74,7 2066/2 29,6 76,3 2078/2 12,9 
8,967 75,5 2056/2 42,4 76,3 2071/2 21,9 

10,983 75,5 2038/2 65,2 76,3 2()56/2 41,1 
11,975 75,S 2030/2 75,3 76,3 2051/2 47,S 
13,096 76,3 202212 85,4 .11.1 2044/2 56,4 
14,042 75,S 2016/2 92,9 77,0 2040/2 61,4 
28,254 75,5 3974/4 128,9 77,0 2035/2 67,7 

55,992 75,5 3827/4 217,8 77,7 3940/4 148,4 
82,021 74,7 3768/4 252,5 76,3 3894/4 176,4 
90,617 149,7 3714/4 283,8 149,7 3799/4 233,0 

* SHRlNK~GE STRAIN IS ~ALCULATEO FROM STRAIN OBSERVED AT 7 DAYS 
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c:HQINKAGE STRAIN ANO TEMPERATURE DATA BEFORE l.OAOING 

SPECIMEN 0•26 

TEST TEMPERATURE AT QO OAVS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN• TEMP REAO/OIV SHk STRAIN• 
COAVS) ( F > (FREQ) (MIC•UNITS) ( F) (FREQ> CMIC•UNITS> 

0.000 12.s 2091/2 -39.9 e1.s 2096/2 •66.7 
0.000 10.2 2085/2 .. 32.1 eo.o 2091/2 •60e2 

.912 76.3 2096/2 .. 46.4 es.2 2089/2 .57,7 
1.908 69.5 2090/2 .. 38.6 eo.o 2080/2 •46.0 
2.242 82.2 2046/2 17.R 90,S 2t,27/2 21.s 
2.950 1,e.0 2071/2 -1•.1 11,1 2054/2 -12.1 
3.9R7 67.2 2070/2 -12.s 75.5 2053/2 •11,4 
4,983 69.S 2068/2 -10.2 78.S 2050/2 •7,6 
s.q33 66,S 2063/2 .. 3,8 76,3 2047/2 -3~8 
6,979 67,2 2060/2 o.o 76,3 2044/2 o.o 

14.037 67.2 2048/2 15,3 76.3 2032/2 1s.2 
2e.2so 66,5 2045/2 19,1 75,S 2032/2 1s.2 
56,000 68,0 2047/2 16,6 11.0 2032/2 15,2 
83,083 63,5 2055/2 6.4 12.s 2042/2 2.s 
A9,917 65,7 2050/2 12,7 74.7 2037/2 8.9 

o SH~I~K~GE STRAIN IS CALCULATED FRO~ STRAIN OBS!RVEO AT 7 DAYS 
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~HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN 0•31 

TEST TEMPERATURE AT 90 OAYS 75 F 
TEST M01STURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SlofR STRAIN* 
(OAVS> (F) (FREQ> <MIC•UNITS> CF> (FREQ) <MlC•UNITS> 

0.000 eJ.o 2105/2 -60.7 eo.o 2082/2 •60e0 

0.000 a1.s 2100/2 .. 54.1 78e5 2076/2 -s2.J 
.537 87.5 2101/2 -ss.4 es.2 2079/2 •56el 

1.908 eo.o 2099/2 •52.8 11.0 2076/2 -s2.J 
2.242 qa.a 2023/2 44.3 93.s 2007/2 35.1 
2.950 78.S 2067/2 -11.s 76.3 2046/2 •13·9 
3.987 11.0 2066/2 -10.2 14.0 2044/2 -11.4 
4.983 eo.o 2066/2 -10.2 11.0 2043/2 -10.1 
5,933 77.7 2060/2 .2.6 75,5 2038/2 •3,8 
6.979 11.1 2058/2 o.o 74,7 2n3S/2 0,0 

14,033 77.0 2049/2 11,5 74,0 2023/2 1s.1 
28,246 11.0 2047/2 14,0 74,0 2023/2 15,l 
56.000 11.1 2048/2 12.1 74,7 2025/2 12,6 
83,083 74.0 2057/2 1,3 71,0 2()36/2 -1.J 
89,937 75,5 2052/2 7,6 74,0 2033/2 2,5 

* SHRINK~GE STRAIN IS CALCULATED FROM STRAIN 08SFRVEO AT 7 DAYS 
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~HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN 0•33 

TEST TEMPERATURE AT 90 DAYS 75 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SH~ STRAIN* 
(DAYS) (F) (FREQ) (MIC-UNJTSl CF) <FREQ) (MIC-UNITS> 

0.000 80.0 211012 3.9 12.s 2079/2 •15.4 
0.000 11.1 2105/2 10.c; 10.2 2072/2 -6.4 

.917 85.2 2112/2 1,3 11.0 2068/2 •1,3 
1,913 81,5 2125/2 -1s.e 74,0 2083/2 •20,6 
6,967 74.7 2113/2 0,0 66,S 2067/2 o.o 
8,133 73,2 2093/2 26,1 65,7 2056/2 14•1 
8,958 73,2 2082/2 40,3 65.7 2049/2 23,0 
9,971 74,0 2074/2 S0,6 65,7 2040/2 34,4 

10,979 74,0 2065/2 62,2 65,7 2033/2 43,2 
11,967 74,0 2057/2 72,4 65.7 2028/2 49,5 
13.092 74,7 2049/2 82.6 67,2 2020/2 59,S 
14,033 74.0 2045/2 87,7 67,2 2017/2 63,3 
28,250 73.2 2002/2 141,6 65,7 3968/4 104,2 
55,987 12.s 3900/4 205,3 66,5 3886/4 154,l 
82,021 74,0 3839/4 241,9 65,7 lA3S/4 184,7 
90,196 71,7 3868/4 224,6 ~3.s 3A39/4 182,3 

* SMRI~K1GE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 
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~HRl~KAGF. ST~AlN AND TEMPERATURE DATA BEFORE LOAOlNG 

SPECI~EN n-40 

TEST TEMPERATURE AT qo OAYS 75 F 
lE5T MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN• TEMP READ/DIV SHR STRAIN• 
(DAYS) <F> (f'REQ) (MIC-UNITS, <F> (FREQ) <MlC•UNITS) 

0.000 a1.s 2105/2 .s.2 11.1 2115/2 •l4e4 

0.000 eo.o 2101/2 o.o 10.2 2108/2 .5.2 

.917 B6.7 2106/2 -6.S 11.0 2106/2 •2•6 
1.917 83.0 2118/2 -22.2 73.2 212012 -21.0 

6.983 75.S 210112 o.o 65.7 2104/2 o.o 
8,133 1s.s 2079/2 28,5 65,7 2092/2 15,6 

a.9se 75,S 2069/2 41.4 65,7 2086/2 23,4 

9,967 75.S 2059/2 54.2 65.7 2077/2 35.0 

10,979 76,3 2049/2 66.9 65.7 2069/2 45.3 

11.971 76,3 2043/2 74,S 66.5 206~/2 so.4 
13,100 76.3 2036/2 A3e4 66,5 2059/2 S8, l 

14.033 75.S 2031/2 89.7 66.S 2n56/2 61,9 

28.238 75,5 3976/4 143,2 65.7 2023/2 103,6 

55,979 77,0 3868/4 208,9 66.S 3972/4 149,6 

e2.ooo 75,5 3812/4 242,2 65,7 3928/4 176,6 

83,250 Bl,5 3891/4 195,1 65,0 3910/4 187,5 

89,937 74,7 3828/4 232.7 6Se0 3927/4 177,2 

* SHRl~KaGE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 
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~HRINKAGE STRAIN AND TEMPERATURE DATA AEFORE LOADING 

SPECIMEN 0•41 

TEST TEMPERATURE AT qo DAYS 150 F 
TEST MOISTURE AIR ORV 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHA STRAIN* TEMP READ/DIV SHR STRAIN* 
(DAYS) <F> rFREQ) (MIC-UNITS> <F) (FREQ) <MIC•UNITS> 

0,000 71,7 2094/2 3,9 82,Z 2129/2 -54,9 
0.000 70,2 2089/2 10,4 80,7 2122/2 .45,7 

,en 7 77,0 2094/2 3,9 87,S 2102/2 •19,5 
1,917 73,2 2109/2 -15,6 83,8 2112/2 •32~5 
6,971 66,5 2097/2 o.o 76,3 2087/2 o.o 
8,129 65,0 2076/2 27,2 15,S 2076/2 14,2 
8,958 65,0 2066/2 40,0 76,3 2070/2 21,9 
9,962 65,0 2056/2 52,8 75,S 2061/2 33,4 

10,979 65,0 2047/2 64,2 76,3 2054/2 42,4 
11,971 65,0 2039/2 74,4 76,3 2047/2 51,3 
13,096 65,7 2030/2 AS,7 11.0 2040/2 60,l 
14,033 65,7 2024/2 93,3 11.0 2036/2 6S,2 
28,233 65,0 3956/4 lS0,3 7S,5 2006/2 102,8 
55,979 66,5 3837/4 222.2 77,7 Jq40/4 147,l 
82,021 65.o 3776/4 258,2 76.~ 3B93/4 175,7 
82.833 68,0 3760/4 267,5 71,0 3883/4 181,7 
89.958 141,5 3722/4 289,6 1s2.o 3793/4 235,2 

• SHRINK~GE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 
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c;HR INKAGE sna IN AND TEMPEMATURE DATA BEFORE LOADING 

SPECIMEN 0•44 

TEST TEMPERATURE AT 90 DAYS 75 F 
TEST MOISTURE AIR DRY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHA STRAIN• TEMP READ/DIV SHk STRAIN* 
(DAYS) CF) (F~EQ) (Mtc .. UNITS) (F) (FREQ) (MlC•UNITS> 

0.000 78.5 2101/2 1.3 11.1 210212 •36e2 

0.000 76.3 2097/2 6.5 10.2 2097/2 -29.7 
.917 eJ.o 210112 1,3 77,0 2078/2 -5,1 

1.904 79.2 2114/2 -15,7 73,2 2088/2 -1s.1 
6,904 72,S 2102/2 o.o 66.S 2n74/2 o.o 
B,129 71.0 208012 2s.s 65.0 2064/2 12.e 
8.954 11.0 2070/2 41.4 65,0 2057/2 21,8 
9.967 71,7 2060/2 54.2 65.7 2049/2 32e0 

10,979 11.1 2050/2 66,9 65,1 2042/2 40,8 

11,971 11.1 2042/2 77.l 6Se7 2036/2 48e4 
13.096 72,5 2035/2 85.9 66,5 2029/2 57,2 
14.029 11.1 2029/2 93,5 65,7 2026/2 61,0 
28,233 65.7 3983/4 140,2 65.7 3968/4 113,2 
55,979 72,S 3852/4 219,8 66e5 3898/4 155.9 
82,021 71,7 3795/4 253,5 65.7 3A48/4 185.9 
83,271 87.5 3733/4 289.7 s1.s 3806/4 210,8 
89,937 70,2 3810/4 244,7 65,0 3848/4 185,9 

• SH~INK~GE STRAIN IS CALCULATED FROM STRAIN 08SFRVEO AT 7 DAYS 
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~H~INKAGE Sl~AIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN 0•46 

TEST TEMPERATURE AT QO DAYS 150 F 
TEST MOtc:;TURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SH~ STRAIN• TEMP READ/DIV SHR STRAIN* 
(DAYS) < F > (FREQ) (MJC .. UNITSl <F> (FREQ) (MIC-UNITS> 

0.000 71.7 2144/2 •60.5 01.s 2095/2 •84.4 
0.000 69.S 2140/2 ... ss.2 78.S 2088/2 .75.3 

.912 76.3 2135/2 -48,6 86.0 2067/2 •48,3 
le896 68.8 2133/2 .. 45,9 77,7 2()64/2 •44,4 
2.237 84,5 2072/2 33.6 94,2 2003/2 32t5 
2,946 67.2 2108/2 -1J.o 11.1 2040/2 •13,9 
3.946 65,0 2107/2 -11.1 74.7 2039/2 -12.6 
4,971 67.2 2102/2 .5,2 11.1 2035/2 -7.6 
5.925 66,5 2101/2 .3.9 76.3 2033/2 •5,0 
6,967 65.7 2098/2 o.o 75.S 2029/2 o.o 

14,029 65,7 2088/2 13,0 75,S 2020/2 11,3 
28,233 65.o 2087/2 14,3 74.7 2021/2 10.0 
56,000 65,7 2089/2 11.1 75.S 2025/2 s.o 
83.083 62.0 2099/2 .1.3 12.s 2037/2 -10.1 
89.937 139,2 3986/4 133,2 149,7 3823/4 143.5 

* SHRl~K~GE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 
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c;H~INKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN F•l 

TEST TEMPERATURE AT qO DAYS 150 F 
TEST MOISTURE AIR ORY 

AXIAL. GAGE RADIAL GAGE 

TIME TEMP READ/DIV SH~ STRAIN• TEMP READ/DIV SHR STRAIN* 
(DAYS) CF) (FREQ) (MIC-UNITS) CF) (FREQ) (ti41C•UNITS> 

0.000 ee.2 2204/2 .4.1 ea.2 2240/2 -26.l 
0.000 78.S 2179/2 ,9.9 11.1 2215/2 8.3 

.967 89.0 2187/2 19,0 88,2 2209/2 l6e5 
1.950 77,7 2194/2 9,5 76.3 2218/2 4,1 
7,258 74,7 2201/2 o.o 73,2 2221/2 o.o 
7,933 76,3 2167/2 46,0 75,5 2194/2 37,0 
8,979 75.S 2156/2 60,8 75.5 2188/2 4!5. l 

10,2'+2 76,3 2151/2 67,S 76,3 2183/2 51,9 

10.992 11.0 2144/2 76,8 77,0 2179/2 57,3 
11,988 77,0 2140/2 82,1 11,0 2173/2 65,4 

13,154 77,7 2i29/2 Q6.6 77,0 2165/2 76,l 
14,225 75,5 2127/2 99,3 75,S 2165/2 76,l 
28,154 76,3 2080/2 160,6 76;3 2138/2 112,2 
56,000 76,3 2030/2 224.3 11.1 2096/2 167,l 
81,862 74.7 2002/2 259,3 74,7 2077/2 191.9 
82.883 77.0 2002/2 259.3 77,0 2n78/2 190,6 
89,767 151,2 3879/4 335,6 1s1.2 2005/2 283.0 

* SHRI~KAGE STRAIN IS CALCULATED FROM STRAIN 08SFRVEO AT '7 DAYS 
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<.HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN 1='•4 

TEST TEMPERATURE AT QO DAYS 75 F 
TEST MOISTURE AIR ORY 

AXIAL. GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SHH STRAIN* 
(OAVS) <F> <FREQ) (MIC-UNITS) (F) (FREQ) (MIC-UNITS> 

0.000 87.5 2212/2 -11.s 87.S 2219/2 \9.2 
0,000 77,7 2185/2 19,0 17,1 2192/2 17,7 

,971 88,2 2195/2 5,4 88,2 2194/2 15,0 
1,946 76,3 2200/2 -1,4 76,3 2204/2 1,4 
7,258 73,2 2199/2 0 • O 73,2 2205/2 o.o 
7,929 75,5 2175/2 32,5 76,3 2189/2 21,8 
8,975 75,5 2164/2 47.3 75,5 2183/2 29,9 

10,237 76,3 2158/2 55,4 76~3 2179/2 35,3 
10,988 77.0 2152/2 63,4 77,0 2173/2 43,4 
11,988 77,0 2144/2 74.0 77,0 2}69/2 48,8 
13,154 77,0 2138/2 82,0 77,0 2\62/2 58,2 
14,225 75.5 2138/2 82,0 75,5 2161/2 59,6 
28,150 76.3 2095/2 138,4 76,3 2136/2 92,9 
56,167 77,0 2048/2 198.8 76,3 2]00/2 140,l 
82,029 74,7 2022/2 231,6 74,7 2080/2 166,0 
83,550 79,2 2018/2 236,6 78,5 2079/2 167,3 
90,017 152,7 3950/4 289.8 152,7 2010/2 254e8 

• SHRINK~GE STRAIN IS CALCULATED rROM STRAIN OBS,=:RVEO AT 7 OAYS 
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~HRINKAGE STRAIN AND TEMPERATURE DATA BEFORE LOAntNG 

SPECIMEN F•S 

TEST TEMPERATURE AT qo DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SH~ STRAIN• TEMP READ/DIV SHH STRAIN• 
(DAYS) (F) (FREQ) (MIC•UNITSl <F) (FREQ) <MlC•UNITS) 

0.000 87.S 2231/2 •56,2 ea.2 2204/2 ... ao.9 
0,000 77.7 2205/2 •20.4 78.5 2179/2 •46e9 

,975 se.2 2214/2 •32,8 88.2 2167/2 •30,7 
1,958 74,7 2220/2 •41,0 76.3 2174/2 .40.2 
2.067 95,7 2190/2 o.o 98,0 2140/2 5,3 
3,138 90.5 2196/2 .e,2 90,5 2151/2 .9,3 
4,004 90,5 2194/2 .5,4 90,5 2150/2 -s.o 
4,983 AS,2 2i93/2 -4,1 86.7 2146/2 •2,7 
S.983 84,5 2193/2 .4.1 85,2 2146/2 -2.7 
7,275 77,0 2190/2 o.o 77,0 2144/2 o.o 

14,221 76,3 2183/2 9,5 76,3 2137/2 9,3 
2s.1so 76,3 2184/2 e.1 76,3 2138/2 8,0 
56,167 76,3 2187/2 4, 1 11.1 2143/2. 1,3 
83,125 12.s 2196/2 ... s,2 12.s 2155/2 •14,7 
89,925 74,0 218.8/2 2,7 74,0 2153/2 •12,0 

* SHRINKftGE STRAIN IS CALCULATED FROM STRAIN OBSF.'RVEO AT 7 DAYS 



293 

~HAINKAGE STRAIN AND TFMPERATURE DATA AEFORE LOAOING 

SPECIMEN E•lO 

TEST TEMPERATURE AT QO DAYS 150 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP ~EAD/OIV SH~ STRAJN4t TEMP READ/DIV SHH STRAIN• 
<Divs> (F) (FREQ) (MIC-UNITS) <F> <FREQ) (MlC•UNITS) 

0.000 ee.2 2211/2 •69.l A7.5 2]15/2 •80el 
0.000 1a.s 2182/2 -29.6 78.S 2090/2 .47.s 

.979 89.7 2187/2 •36.4 89.0 2082/2 -37.2 
1.950 75.5 2194/2 •45.9 75.S 2087/2 •43.6 
2.063 102.s 2149/2 14.7 98.0 2052/2 le3 
3.133 91.3 2168/2 -10.1 91.3 2062/2 -11.s 
4.004 89.7 2167/2 -9.4 89.7 2061/2 -10.2 
4.987 91.3 2164/2 .s.4 89.7 2059/2 -7,6 
5.967 92.o 2163/2 -4.0 89.7 2055/2 -2.s 
1.211 11.0 2160/2 o.o 77.0 2053/2 o.o 

14.225 11.0 2151/2 12.0 76.3 2044/2 11.4 
28,158 1s.s 2150/2 13.4 75.5 2n41/2 15,2 
56,179 11.0 2152/2 10,7 76,3 2044/2 lle4 
83.121 75,S 2157/2 4,0 74.7 2049/2 5,1 
89,925 151,2 2062/2 128.3 1s1.2 3A60/4 151.9 

* SHAINK~GE STRAIN IS CALCULATED FROM STRAIN 08SF:RVED AT 7 DAYS 



294 

~HAINKAGE STRAIN AND TEMPERATURE DATA BEFORE LOADING 

SPECIMEN E-13 

TEST TEMPERATURE AT 90 DAYS 75 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN• TEMP READ/DIV SHR STRAIN* 
<DAYS> (F) (FREQ) (MIC-UNITS) <F> (FREQ) (MIC•UNITS) 

0.000 87.S 221012 .. 34.1 74.0 2083/2 -21.9 
0.000 1e.s 2183/2 2.7 65.o 2056/2 12.8 

.979 ee.2 2185/2 o.o 1s.s 2055/2 l4el 
1.938 11.0 2190/2 -6.8 64.2 2067/2 -1.3 
1.211 12.s 2185/2 o.o 59.0 2066/2 o.o 
7.929 75.5 2160/2 33.7 62e0 2044/2 2e.o 
8.971 75.5 2150/2 47.o 62.0 2035/2 39.4 

10.237 75.5 2144/2 ss.o 62.0 2032/2 43.2 
10.992 1s.s 2138/~ 63.o 62.7 2026/2 so.7 
11.988 75.S 2130/2 73.6 62,0 2020/2 58.3 
13,154 77,0 2122/2 84.1 62,0 2014/2 65.8 
14.229 75.S 212212 84,1 62.0 2013/2 67.0 
2s.1so 76.3 2079/2 140.1 62.0 3958/4 109,1 
56,171 76.3 2032/2 200.0 63.5 3874/4 160el 
e2.02s 75,5 2007/2 231,3 61.~ 3826/4 188.7 
83,546 76.3 2010/2 227,6 62.0 3829/4 186.9 
90,483 74.0 2011/2 226.3 60e5 3A19/4 192e9 

* SHRlNKftGE STRAIN IS CALCULATED FROM STRAIN OBSFRVEO AT 7 DAYS 
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~HAINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOAD ING 

SPECIMEN E•l8 

TEST TEMPEAATURE AT QO DAYS 150 F 
TEST MOJSTU~E AS CAST 

AXIAL GAGE RADIAL GA<,f 

TIME TEMP READ/DIV SHR STRAIN .. TEMP ~EAO/OJV SHf.l STRAIN* 
<DAYS) <F> cFREQ) (MIC-UNITS, ( f, ) (FREQ) <MIC-UNITS) 

0.000 87.S 2215/2 -67.9 75.S 2099/2 •83.3 
0.000 11.1 2186/2 -28.~ 65.0 2070/2 •4Se8 

.979 88.2 2190/2 •33.8 76.3 2068/2 .43.2 
l.946 77,7 220012 •47.4 65.0 2074/2 -so.9 
2.063 95.7 2171/2 -e.1 01.s 2046/2 -1s.2 
3.12s 90.S 2171/2 .e.1 78.5 2043/2 -11.4 
4.ooo A9.7 2170/2 -6.7 78.5 2041/2 -s.e 
4.987 90.S 2169/2 .. s.4 78.5 2040/2 -7.6 
5.967 A9,7 2167/2 -2.1 77,7 2038/2 -s.o 
1.267 76.3 2165/2 0 ,. O 63,5 2()34/2 o.o 

14.225 75.S 2157/2 10.7 63.5 2024/2 12,6 
2e.1se 11.0 2152/2 17.4 62.7 2016/2 22.6 
56,183 76.3 2159/2 s.o 64.2 2016/2 22.6 
83.121 12.s 2165/2 o.o 59.7 2024/2 12,6 
89.933 152.7 2044/2 157.9 140.0 3785/4 112.2 

* SHRINKaGE STRAIN IS CALCUL~TED FROM STRAIN OASFRVED AT 7 DAYS 
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~HRINKAGE STRAIN AND TEMPERATURE DATA BEFORE LOADING 

SPECIMEN E•23 

TEST TEMPERATURE AT qo DAYS 75 F 
TEST MOISTURE AIR ORV 

AXIAi.. GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SHR STRAIN* 
(DAYS) < F) (FREQ> <MIC•UNITS) CF> (FREQ> <MIC-UNITS) 

0.000 87.5 2250/2 .33.3 88.2 2197/2 .. 32.s 
0.000 11.1 2224/2 2.s 1a.s 2170/2 4.0 

.950 89.7 2227/2 ... 1.4 89.7 2\70/2 4,0 
1.925 11.0 2237/2 -1s.2 11.0 2182/2 •12,2 
7,242 76.3 2226/2 o.o 73.2 2173/2 0,0 
7,921 75,5 220212 32.9 75,S 2155/2 24,2 
8.967 75.S 2i94/2 43.8 1s.s 2149/2 32.2 

10,225 75,5 2187/2 53.4 75.S 2145/2 37,5 
10.992 76,3 2181/2 61,S 76,3 2141/2 42,8 
11.979 76.3 2172/2 73.6 76.3 2135/2 so.1 
13.146 11.0 2164/2 84.4 11.0 2127/2 61.3 
1•.221 76.3 2164/2 84.4 76.3 2127/2 6le3 
28.142 75.S 2116/2 148.l 76.3 2098/2 99.3 
56.154 11.0 2070/2 201.e 77.0 2058/2 1so.s 
e2.ooa 74.0 2048/2 235.8 74.7 2040/2 173.7 
83.529 77,7 2045/2 239.6 78.S 2039/2 175.0 
90.383 73,2 2054/2 22e.2 73.2 2040/2 173,7 

* SH~INKAGE STRAIN IS CALCULATED FROM STRAIN OBSFRVED AT 7 DAYS 
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~HAINKAGE STRAIN ANO TEMPERATURE DATA AEFORE LOAnING 

SPECIMEN E•28 

TEST TEMPERATURE AT QO DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP REAO/OlV SHR STRAIN .. TEMP REAO/OJV SHR STRAIN* 
<DAYS) ( F) (FREQ) (MIC-UNITS> ( F) (FREQ) <MlC•UNITS) 

0.000 89.0 2187/2 •64.4 77.0 2118/2 -11.1 
0.000 78.5 2158/2 •25,3 67,2 2089/2 •39,9 

,950 90,S 2167/2 •37.4 79.2 20A4/2 •33,4 
1,938 11.1 2177/2 -so.a 65,0 2093/2 •45,0 
2,054 96,5 2144/2 •6.6 84,S 2066/2 -10.2 
3,117 en ,3 2148/2 -12.0 so.7 2067/2 •11,5 
3,996 91.3 2146/2 .9.3 80,0 2065/2 .a.9 
4.900 90,S 2145/2 .a.o 79,2 2064/2 .7,7 
5,958 A9,7 2142/2 .4.0 79,2 2062/2 -s.1 
7,263 11.1 2139/2 0 " 0 65,7 2058/2 o.o 

14.221 76,3 2130/2 11,9 65,0 2049/2 11.s 
28,154 76.3 2126/2 11.2 64.2 2047/2 14,0 
56,179 76.3 2132/2 9,3 65,0 2050/2 10,2 
83.125 75,5 2137/2 2.1 63,5 2(}56/2 2•6 
89.929 73.2 2139/2 0 " 0 62,7 2059/2 -1.J 

* SHAINK~GE STRAIN IS CALCULATED FROM STRAIN OBSF:RVED AT 7 DAYS 
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~HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOAOING 

SPECIMEN E•39 

TEST TEMPERATURE AT OO DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SH~ STRAIN* 
<DAYS) ( F > (FREQ) (MIC•UNITS) (F) ( FREQ) 041C•UNITS> 

0.000 89,0 2101/2 -12.0 76,3 2122/2 -79,l 
0.000 78,5 2071/2 •33,2 66,S 2091/2 •38,6 

,950 91,3 2076/2 •39,6 79,2 2087/2 •33,4 

1,929 77,7 2086/2 -s2.s 65,7 2097/2 •46,4 

2,054 95,0 2062/2 •21,6 79,2 2075/2 -18,0 

3,121 91,3 2055/2 -12.1 79,2 2070/2 •11,5 
3,987 91,3 2053/2 -10.2 78,S 2069/2 -10.2 
4,904 90,S 2050/2 -6,3 79,2 2066/2 •6,4 

5,954 88,2 2050/2 -6.3 77,7 2065/2 •5,1 

7,258 77,7 2045/2 o.o 64,2 2061/2 o.o 
1s.021 76,3 2036/2 11.4 63,$ 2051/2 12,7 

28,150 76,3 2030/2 18,9 63,5 2051/2 12,7 

56,179 77,0 2031/2 17,7 65,0 2050/2 14,0 

83,117 75,5 2032/2 16,4 62,7 2054/2 8,9 
89,921 74,7 2032/2 16,4 62,0 2054/2 8,9 

* SHRI~KAGE STRAIN IS CALCULATED FROM STRAIN OBSFRVED AT 7 DAYS 
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~HAINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN E•40 

TEST TEMPERATURE AT qO DAYS 150 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGF. 

TIMI=' TEMP READ/DIV SHF« STRAIN* TEMP READ/DIV SHH STRAIN* 
<DAYS) <F> (FREQ) (MtC-UNITS) <F> (FREQ) (MlC•UNITS) 

0.000 eJ.o 2156/2 -12.0 87.S 212012 •35,3 
0.000 12.s 2131/2 21.2 11.0 2090/2 3.9 

e946 86.0 2142/2 6.6 89.0 2n87/2 7e8 
1.921 12.s 2155/2 -10.1 76.3 2098/2 -6.S 
7.263 67.2 2147/2 o.o 71,7 2093/2 o.o 
7,917 70,2 2119/2 37,0 74,0 2073/2 2S,8 
8,967 10.2 2108/2 51,4 74,0 2066/2 34,8 

10,221 69,5 2101/2 60,6 75.5 2n6l/2 41,2 
10.988 71,0 2094/2 69.7 75.S 2('156/2 47.6 
11,975 74,0 2086/2 eo.o 78.5 2o4B/2 57,8 
13,142 71.7 2076/2 92.9 76,3 2n41/2 66,6 
1s.02s 71,0 2070/2 100,7 75.5 2037/2 71.7 
28,142 69,5 2025/2 157,8 75,5 2('108/2 108,l 
56,167 71,7 3942/4 224.7 76.3 3gJl/4 160e4 
e2.012 69 .s 3890/4 256,2 73,2 3A90/4 185,3 
83,533 11.1 3883/4 260.S 76.3 3892/4 l84el 
90.388 68.8 3900/4 250.2 74,0 3A83/4 189.5 

* SHAINK~GE STRAIN IS CALCULATED FROM STRAIN OBSFAVED AT 7 O~,YS 
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~HRtNKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN E•42 

TEST TEMPERATURE AT 90 DAYS 150 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TI~E TE~P READ/DIV SHR STRAIN* TEMP READ/DIV SHR STRAIN• 
(DAYS) (F) (FRECH (MIC-UNITS> (F) (FREQ) (MlC•UNI!S> 

0.000 eo.1 2130/2 -23.7 A7,5 2099/2 •28,S 
0,000 69,5 2099/2 17,0 11.0 2064/2 16,7 

.950 81.5 2111/2 1.3 88,2 2067/2 12.e 
1,921 68,8 2119/2 .9.2 76.3 2077/2 o.o 
7,263 64,2 2112/2 o.o 71,0 2077/2 o.o 
7,900 67.2 2086/2 33.8 74,7 2058/2 24,4 
8.962 67,2 2075/2 48.o 74,7 2048/2 37,1 

10,221 67,2 2069/2 55,7 74,7 2045/2 40,9 
10.983 68.0 2063/2 63,4 74,7 2042/2 44,7 
11,971 68.0 2056/2 72,4 74,7 2034/2 54,8 
13,142 69,5 2044/2 87.6 77,0 2026/2 64,9 
15,017 67,2 2044/2 87,6 74,0 2024/2 67,4 
28,137 68,0 3997/4 144,6 75,5 3991/4 102,9 
56,167 70,2 3893/4 208,2 76,3 3906/4 154,9 
81.596 66,5 38j9/4 240,6 74.0 3867/4 178,4 
83,117 70,2 3837/4 241.8 79,2 3868/4 177,8 
89.992 143,0 3775/4 278,3 151,2 3722/4 263,7 

• SHRINK~GE STRAIN IS CALCULATED FRO~ STRAIN OBSERVED AT 7 DAYS 
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~HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN E•43 

TEST TEMPERATURE AT 90 DAYS 150 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME: TEMP REA0/01\I SHR STRAIN* TEMP READ/DIV SHA STRAIN* 
(DAYS) (F) (FREQ) (MIC•UNITS) (F) (FREQ) (MIC•UNITS> 

0.000 11.1 2062/2 •53.l 87,S 2105/2 •79,7 
0.000 67.2 2031/2 •13,8 77,0 2077/2 •43,4 

,942 79,2 2047/2 •34,0 88,2 2084/2 •52,S 
1.913 67,2 2061/2 •51,9 7S,S 2091/2 •61,S 
2,054 82,2 2029/2 •11,3 92,7 2064/2 •26,7 
3,112 81,5 2028/2 -10.0 90,5 2038/2 6,l 
3.987 eo.1 2027/2 -8,8 89,7 2054/2 •14,0 
4,896 79.2 2026/2 .7,5 89,7 2051/2 •10,2 
5,950 79,2 2025/2 -6,3 89,7 2049/2 •7,6 
7,263 66,5 2020/2 o.o 76,3 2043/2 o.o 

14,221 65,7 2013/2 a.a 75,S 2030/2 16,4 
28,\46 65,0 4024/4 10.0 77,0 2023/2 25,2 
56,167 65.7 202012 0,0 76,3 2023/2 25,2 
eJ.100 62.o 2030/2 •12,6 71,7 2033/2 12•6 
89,929 140,7 3763/4 167,5 151,2 3793/4 178,9 

* SHRl~K~GE STRAIN IS CALCULATED FRO~ STRAIN OBSERVED AT 7 DAYS 
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~HRINKAGE STRAIN ANO TEMPERATURE OATA BEFORE LOADING 

SPECIMEN F•6 

TEST TEMPERATURE AT 90 DAYS 150 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP qEAO/OIV SHR STRAIN• TEMP READ/DIV SHR STRAIN* 
(DAYS> ( F) (FREQ) (MlCaUNITs, (F) ( FREQ) (MIC•UNITS> 

0.000 89,7 2224/2 .s.s 89,7 2256/2 5,6 
0.000 e2.2 2201/2 ;6,0 e2.2 2235/2 34,8 
1.012 A6,0 2222/2 .2.e 86,0 2262/2 -2.s 
1,971 84,5 2220/2 o.o 84,S 2260/2 o.o 
7,254 76,3 2220/2 o.o 76,3 2260/2 o.o 
a.oso 74,7 2208/2 16,S 74,0 2255/2 1.0 
8,971 74,7 2193/2 36,9 74,7 2243/2 23,7 

10.000 76,3 2186/2 46,4 76,3 2236/2 33,S 
10,988 76,3 2i7S/2 61,3 76,3 2231/2 40,4 
11,992 11.1 2164/2 76, 1 11.1 2222/2 52,8 
12,996 77,7 2158/2 84.l 77,7 2218/2 S8,3 
14,008 77,7 2151/2 93,5 11.1 2213/2 65,2 
27,958 77,0 2108/2 150,3 11.1 2186/2 102.0 
59,208 76,3 2058/2 214,8 76,3 2150/2 150,4 
81,071 77.0 2032/2 247,B 76,3 2129/2 178,2 
82,254 89,7 2013/2 271,6 89,0 2115/2 196,7 
88,933 171,5 2000/2 287,8 110.0 2076/2 247,3 

* SHRINKAGE STRAIN IS CALCULATED FRO~ STRAIN OBSF.RVED AT 7 DAYS 



303 

c;H~INKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOAOING 

SPECIMEN i:-9 

TEST TEMPERATURE AT ~O DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RAOIAL GAGE 

TIME TEMP READ/DIV SHA STRAIN• TEMP READ/DIV SHR STRAIN* 
(DAYS> (F) (FREQ) <MIC-UNITS> CF> (FREQ> (MIC•UNITS> 

0.000 •61.0 2221/2 •38.3 89.0 2261/2 .34.9 
0.000 81.5 2200/2 .9.5 a1.s 2242/2 .a.l 
1.017 86.0 2222/2 .. 39.7 86,0 2262/2 •36.3 
1.958 83.8 2220/2 •36,9 83,8 2259/2 .32.0 
2,175 104.0 2174/2 2s.1 104,7 2220/2 22,1 
3,237 11.1 2198/2 -6,8 77,7 2240/2 •S,6 
4,008 77,0 2196/2 .4.1 11~0 2238/2 -2~8 
s.ooa 77.0 2194/2 •l.4 11.0 2234/2 2.a 
6.171 77,7 2191/2 2,7 11.1 2234/2 2.a 
7,263 76.3 2193/2 o.o 76,3 2236/2 o.o 

14.029 77,7 2180/2 17,6 77.'f 2221/2 20,7 
27,988 11.0 2178/2 20,3 77,0 2216/2 27.6 
59,233 75,5 2185/2 10,9 74,7 2224/2 16~6 
Bl,233 73,2 2192/2 1,4 73,2 2230/2 8,3 
89,433 75.5 2189/2 5,4 75,S 2228/2 11.1 

• SHRINK~GE STRAIN IS CALCULATED FRO~ STRAIN 08SF.RVEO AT 7 DAYS 
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t.;HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN F•l3 

TEST TEMPERATURE AT CJO DAYS 75 F' 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP REAO/OIV SHR STRAIN* TEMP READ/DIV SHR STRAIN* 
<DAYS) < F > (FREQ) (MIC-UNITS) (F> (FREQ) (MlC•UNITS) 

0,000 89,7 2224/2 -56,0 89,7 2224/2 •46,5 
0,000 Al,5 220012 -23,1 81,5 2199/2 -12.2 
1,021 A5,2 2223/2 -54,6 85,2 2220/2 •41,0 
1,967 84,5 222012 -so.s 84,S 2218/2 -38,3 
2,175 101,0 2l78/2 6,8 102.s 2183/2 9,5 

3,237 11.1 2191/2 -10.s 78,5 2198/2 •10,9 
4,008 77,7 2190/2 .9.5 77,7 2196/2 -e.2 
s.012 11.0 2187/2 -s,4 11.1 2193/2 •4,1 
6,171 77,7 2183/2 o.o 78,S 2190/2 0,0 
7,263 75,5 2183/2 o.o 77,7 2190/2 0,0 

14,029 77,7 2168/2 20.2 79,2 2175/2 20,3 
28,000 77,7 2163/2 26,9 79,2 2171/2 25,7 

59,229 74,7 2172/2 14,9 75,5 2183/2 9,5 
83,221 73,2 2175/2 10.e 74,0 2189/2 1,4 
90,421 75,S 2174/2 12,2 75,S 2184/2 8, l 

* SHRINKAGE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 1 OAVS 
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c;HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN F•lS 

TEST TEMPERATURE AT qo DAYS 150 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIMF TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SHR STRAIN* 
<DAYS) CF) (FREQ) (MIC-UNITS) (F) (FREQ) (MIC-UNITS) 

0.000 89.7 2247/2 -45.6 89.7 2153/2 -11.2 
0.000 81.5 2224/2 -13.A 81~5 2130/2 •40.6 
1,012 86,0 2250/2 •49,8 86,0 2140/2 .53.9 
1,958 84.S 2247/2 •45,6 84.5 2134/2 -45.9 
2,171 101.0 2192/2 30.0 101.0 2082/2 22.0 
3.233 77,7 2222/2 -11.0 11.1 2109/2 •13.0 
4.004 11.1 2220/2 ... e.2 77,7 2107/2 •10,4 
5,008 11.1 2217/2 -4.1 11.1 2102/2 •3,9 
6,167 11.1 2214/2 o,o 71,1 2099/2 o.o 
7,263 75,5 2214/2 o.o 76,3 2099/2 o.o 

14,029 11.1 220112 11.a 78.S 2086/2 16,9 
27.988 11.0 220012 19,2 77,0 ·2084/2 19,S 
59,229 76,3 2206/2 11.0 77,0 2091/2 10.4 
83.221 74.7 2209/2 6,9 74,7 2094/2 6.S 
89.921 150.5 2099/2 153, 8~ 1so.s 3979/4 138,8 

* SHRI~KAGE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 
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c;HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN F•17 

TEST TEMPERATURE AT qo DAYS 75 F 
TEST MOISTURE AIR DRY 

AXtAL GAGE RADIAL GAGE 

TIME TEMP REAO/OIV SHR STRAtN• TEMP READ/DIV SHR STRAIN* 
(CAYS> <F> (FREQ) (MlC-UNITSl CF> (FREQ) CMIC•UNITS) 

0,000 89,0 2239/2 .4.2 89,0 2258/2 •12,6 
0,000 81,S 2217/2 26,;> 81~5 2237/2 16,7 
1.012 86,0 2240/2 .s,6 86,0 2251/2 •2,8 
1,971 AJ,8 2240/2 .s,6 83,8 2250/2 •1,4 
7,254 74,7 2236/2 o.o 74,7 2249/2 0,0 
8,046 73,2 2228/2 11,1 73,2 2242/2 9,7 
8,967 75,5 2212/2 33,1 75,S 2230/2 26,4 

10,004 75,5 2201/2 48,1 75,5 2222/2 37,4 
10,983 75,5 2196/2 55,0 75,5 2216/2 45,7 
11,988 77,7 2184/2 71,3 77,7 2207/2 58,0 
12,992 77,0 2179/2 78,0 11.0 2203/2 63,5 
14,008 77,7 2172/2 87,5 11;1 2197/2 71,7 
27,967 76,3 2125/2 150,1 77,0 2164/2 116,3 
59,263 76,3 2076/2 213,9 75,S 2128/2 164,2 
82,079 76,3 2048/2 249,7 76,3 2106/2 193,1 
83,254 82,2 204812 249,7 82,2 2099/2 202.2 
89,937 74,0 2059/2 235,7 74,0 211012 187,8 

• SHAl~KAGE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 



307 

~HRINKAGE: STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

sµECIMEN F•20 

TEST TEMPERATURE AT QO DAYS 150 F 
TEST MOISTURE AS CAST 

AXIAL GAGE .RADIAL GAGE 

TIME: TEMP READ/DIV SHA snu IN* TEMP READ/DIV SH~ STRAIN* 
(OAVS) (F) (FHEQ) (MIC-UNITS) <F> (FREQ) (MlC•UNITS> 

0,000 89,0 2240/2 -56,4 89,0 2272/2 •48,9 
0.000 81,5 2217/2 -24,6 e1.s 2248/2 -1s.3 
1. n 1 7 85,2 2238/2 •53.6 es.2 2268/2 •43e3 
1,958 R4.S 2234/2 •48,1 84,5 2264/2 •37,7 
2,167 104.0 2184/2 20,4 104,7 2222/2 20.1 
3.229 11.1 2206/2 -9.6 11.1 2243/2 •8,3 
4.008 11.1 2205/2 ... s. 2 11.1 2242/2 •6,9 
s.000 11.0 220112 -2. 7 77,0 2240/2 •4,2 
6.167 11.1 2i99/2 o.o 11.1 2237/2 o.o 
7,254 76,3 2199/2 o.o 76,3 2237/2 o.o 

14,021 77.7 2184/2 20,4 11.1 2225/2 16,6 
27.979 77,0 2180/2 25,JJ 77,0 2221/2 22.1 
59.229 75,5 2188/2 1s.o 75,5 2230/2 9.7 
83,267 74,0 2193/2 8,2 74.0 2238/2 •1,4 
89.937 152,0 2080/2 157,9 152,0 2130/2 l44e9 

* SHAlNK~GE STRAIN IS CALCULATED FROM STRAIN 08SFRVEO AT 7 DAYS 



308 

c:H~INKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN F•21 

TEST TEMPERATURE AT ~O DAYS lSO F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP REAO/OIV SHR STRAIN* TEMP READ/DIV SHR STRAIN• 
(DAYS) (F) (FREQ) (MIC-UNITS) (F) (FREQ> (MIC•UNITS> 

0,000 89,7 2258/2 -12.6 89,7 2247/2 •27,7 

0.000 81,5 2224/2 34,7 e1.s 2236/2 -12.s 
1.012 86,0 2255/2 .a.4 86,0 2240/2 -1s.o 
1,971 83,8 22S2/2 -4,2 83,8 2235/2 -11.1 
7,263 74,7 2249/2 o.o 74,7 2227/2 o.o 
8,050 73,2 2239/2 13,9 73,2 2225/2 2,8 

8,967 75,S 2226/2 31,9 75,5 2214/2 17,9 
10,004 75,S 2218/2 42,9 75,5 2207/2 27,5 
10,992 76.3 2209/2 55,3 76,3 2200/2 37,1 
11,992 77,0 2200/2 67,6 77,0 2191/2 49,3 
12,992 11.0 2195/2 74,4 '77,0 2186/2 56,1 
14,012 77.0 2188/2 83.9 11.0 2180/2 64,2 

27.979 76.3 2145/2 141,7 77,0 2148/2 107,l 
59,263 75,5 2100/2 200,9 76.3 2111/2 156,0 
82,079 76,3 2075/2 233,2 76,3 2092/2 180.8 
83,267 79.2 2079/2 228.l 79,2 2084/2 191,1 
89,950 149,7 2045/2 271,6 149,7 2024/2 267,S 

* SHRINK~GE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 



309 

c;HRINKAGE STRAIN AND TEMPERATURE DATA BEFORE LOADING 

SPECIMEN F .. 23 

TEST TEMPERATURE AT qo DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME: TEMP READ/DIV SHR STRAIN• TEMP READ/DIV SHR STRAIN• 
(o•vs> (F> (FREQ) (MIC-UNITS) CF) <FREQ) <MIC•UNITS) 

0.000 89,7 2243/2 ·52.4 89,0 2218/2 -57,2 
0,000 a1.s 2222/2 •23,3 81,5 2t9S/2 •25,7 
1.012 85,2 2242/2 -s1.o 86,0 2212/2 •49,0 
1,954 84,5 2239/2 •46,8 84,S 2207/2 •42,1 
2, H,7 104,0 2192/2 17,7 104,0 2163/2 17,S 
3,229 11.1 2213/2 -11.0 77,7 2186/2 •13,S 
4,012 77,7 221212 -9.6 77,7 2183/2 •9,5 
5,012 77,7 2208/2 -4,1 77,7 2179/2 •4,1 
6,167 77,7 2205/2 o.o 77,7 2176/2 o.o 
7,254 76,3 2205/2 0,0 76,l 2176/2 o.o 

14.025 77,7 2i9S/2 13,6 77,7 2163/2 17,5 
27,979 77,0 2191/2 19,1 77~0 2160/2 21,5 
59,221 75,5 2198/2 9,6 75,S 2166/2 13,5 
83,225 74,7 2200/2 6,8 74,7 2168/2 10,8 
89,933 74,7 2?00/2 6,8 74,7 2170/2 8, 1 

• SHRINKAGE STRAIN IS CALCULATED FRO~ STRAIN OBSERVED AT 7 DAYS 



310 

«::HRINKAGE STRAIN ANO TEMPERATURE DATA BEF'ORE LOADING 

SPECIMEN F•30 

TEST TEMPERATURE AT 90 DAYS 75 F 
TEST MnJSTURE AIR DRY 

AXIAi.. GAGE RADIAL GAGE 

TIME TEMP READ/DIV SH~ STRAIN* TEMP READ/DIV SHH STRAIN• 
(DAYS> ( F") <FREQ) <MIC-UNITS) CF> (FREQ) (MlC•UNITS) 

0.000 89.0 2229/2 -1s.2 90,5 2246/2 •16,7 
0.000 81.5 2206/2 16,5 e2.2 2225/2 12,4 
1.oos 86,0 222112 •12.4 86,0 2242/2 -11.1 
1.958 84.5 222212 .s.s 84,S 2236/2 •2,8 
1.258 75.5 2218/2 o.o 75,S 2234/2 o.o 
8,037 74.0 2207/2 1s.1 74,0 2228/2 8,3 
8.9sa 1s.s 2194/2 32,8 75,5 2218/2 22,1 

10.000 75,5 2186/2 43,7 75,5 2211/2 31,7 
10.983 75,5 2178/2 54,5 75,5 2206/2 38,S 
11.988 11.0 2i68/2 68,0 77,0 2197/2 50,8 
12.988 77,0 2163/2 74,7 11.0 2192/2 57,6 
14.000 77.0 2156/2 84,1 77,7 2187/2 64,4 
27,958 76,3 2112/2 142,3 76,3 2154/2 108,8 
59.229 76,3 2066/2 201,9 76,3 2116/2 159,l 
82,071 76,3 2040/2 235,0 76,3 2094/2 187,8 
83,246 95.7 2013/2 268.9 95,7 2069/2 220.1 
89,,513 74,7 2050/2 222,3 74,7 2094/2 187,8 

* SHRl~KAGE STRAIN IS CALCULATED FROM STRAIN 08SF:RVED AT 7 DAYS 



311 

~HFHtilKAGE STFUIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN F•33 

TEST TEMPERATURE AT QO DAYS 150 F 
TEST MOI~TURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SHR STRAIN• 
(OAYS) ( F > (FREQ) <MIC•Uf'.UTS) (F) (FREQ) (MIC•UNITS) 

0.000 89.0 2236/2 •S3.6 89.0 2228/2 •50,7 
0.000 Al.5 2213/2 •21,9 81,5 2206/2 •20,4 
1,012 84.5 2235/2 -s2.2 84,5 2221/2 •41,0 
1,962 A3.8 2229/2 •43.9 83.8 2215/2 -32,8 
2.167 103.2 2183/2 19.0 104.0 2173/2 24,4 
3,225 11.1 2?03/2 .e.2 77,7 2196/2 •6,8 
4,008 11.1 2203/2 .s.2 77,7 2196/2 •6,8 
s.ooa 77,7 2200/2 .4.1 77,7 2193/2 •2,1 
6,167 11.1 2196/2 1,4 77,7 2190/2 1,4 
1.2so 76.3 2197/2 o.o 76.3 2191/2 0,0 

14.021 77,7 2186/2 14.9 77,7 2180/2 14,9 
27.979 76,3 2182/2 20,4 77,0 217·9/2 16,3 
59.229 1s.s 2189/2 10.9 76,3 2188/2 4, l 
83.183 73,2 2195/2 2.1 73,2 21,94/2 •4,l 
e9.e92 152,7 2081/2 153,8 152,7 2081/2 l45,7 

* SHRI~KAGE STRAIN IS CALCULATED FRO~ STRAIN OBSERVED AT 7 DAYS 



312 

~HRINKAGE STRAIN AND TEMPERATURE DATA BEFORE LOADING 

SPECIMEN F•34 

TEST TEMPERATURE AT QO DAYS 150 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TE~P READ/DIV SHR STRAIN* TEMP READ/DIV SHR STRAIN* 
(DAYS) (F) (FREQ) (MIC-UNITS) <F) (FREQ) (MIC•UNITS) 

0,000 89,0 2238/2 •18,0 89,0 2269/2 •35,0 
0,000 81,5 2214/2 15,1 81,S 2247/2 •4,2 
1,012 84,5 2232/2 .. 9,7 84,S 2256/2 •16,7 
1,958 84,5 2229/2 .s.s 84,S 2252/2 •11,2 
7,250 74,7 2225/2 o.o 74,7 2244/2 0,0 
8,042 74,0 2213/2 16,5 74,0 2239/2 6,9 
8,962 75,S 2199/2 35,1 75,S 2227/2 23,6 

10,000 75,5 2190/2 47,9 75,5 2220/2 33,2 
10,988 75,S 2183/2 57,4 75,5 2215/2 40,l 
11,992 77,7 2172/2 72,2 11.1 2206/2 52,4 
12,988 77,0 2165/2 81,7 76,3 2202/2 57,9 
14,000 77,7 2158/2 91,0 77,7 2198/2 63,3 
27,971 76,3 2114/2 149,3 76,3 2170/2 101,3 
59,258 76,3 2065/2 212,B 76,l 2\34/2 149,3 
82,087 76,3 2038/2 247,l 76,3 2112/2 178,2 
83,258 97,2 2005/2 288,5 97,2 2084/2 214,7 
89,942 152,7 2013/2 278,5 152,7 2040/2 270,9 

* SHRINKAGE STRAIN IS CALCULATED FRO~ STRAIN OBSF:RVEO AT 7 DAYS 



313 

t;HRINKAGE STRAIN AND TEMPERATURE DATA BEF.ORE LOADING 

SPECIMEN F•42 

TEST TEMPERATURE AT 90 DAYS 75 F 
TEST MOISTURE AIR ORV 

AXIAL GAGE RADIAL GAGE 

TJp;E TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SHH STRAIN• 
(DAYS) <F> (FREQ> <MIC-UNITS) (F) <FREQ) (MIC•UNITS> 

0.000 e9.o 2255/2 -2s.1 89.0 2228/2 •31e6 
0,000 e1.s 2234/2 4,2 Al ,5 2204/2 le4 
1,008 A4,5 2249/2 •16,7 84,5 2211/2 •8,2 
1,954 84,5 2243/2 .8,3 84,5 2207/2 -2.1 
7,263 76.3 2237/2 0,0 76,3 2205/2 o.o 
8,042 74,7 2223/2 19,4 14,7 2195/2 13,6 
8,958 76,3 2210/2 31,?. 76.3 2185/2 21.2 
9,996 75,S 2202/2 48,2 75,5 2177/2 38,0 

10,983 75,5 2194/2 59,1 1s.s 2172/2 44,8 
11,988 11.0 2184/2 72,6 77,0 2162/2 58.2 
12.988 77,0 2179/2 79,4 11.0 2158/2 63.6 
13,992 77,0 2172/2 88,8 77,7 2153/2 70el 
27,958 76.3 2129/2 146,2 76,J 2123/2 110.0 
59,250 75,5 2082/2 207,5 1s.s 2088/2 155,7 
82.062 76,3 2057/2 239,6 76.3 2065/2 185,3 
83,233 84,5 2047/2 252,3 82,2 2055/2 198,l 
89,917 74,0 2070/2 223,0 74,0 2064/2 186,6 

* SMAINK~GE STRAIN IS CALCULATED FRO~ STRAIN 08S!RVED AT 7 DAYS 



314 

c:;HFHNKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN r,-1 

TEST TEMPERATURE AT ~O DAYS 150 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SH~ STRAIN* TEMP READ/DIV SHR STRAIN* 
(DAYS) ( F) ·,FREQ> (MIC-UNITS> CF) <FREQ) <MlC•UNlTS> 

0.000 89.0 2242/2 •34.6 89.0 2242/2 -ss.1 
0.000 86.0 2233/2 -22.1 86.7 2218/2 -21.9 
1.000 86.7 224812 •42.9 86.0 2235/2 •45e4 
1.938 76.3 2254/2 •51 .3 76.3 2244/2 .57.9 
2.096 105.5 2202/2 20.s 1os.s 2190/2 16.3 
2.996 77.7 2226/2 •12,4 11.1 2213/2 -1s.1 
3.979 11.0 2226/2 •12.4 76.J 2213/2 •lS•l 
4.971 78.S 2221/2 .... s.s 78e5 2206/2 -s.s 
5,971 77,7 2220/2 •4,1 11.1 2204/2 •2•7 
7,013 78,5 2217/2 o.o 78e5 2202/2 o.o 

14,158 76.3 2214/2 4, l 76.3 2200/2 2,7 
28,000 76,3 221012 9,6 76.3 2194/2 10,9 
56,ooo 77,0 2219/2 •2,8 77,0 2203/2 •l e4 
eJ.oe3 76,3 2223/2 -8,3 76,3 2208/2 •8,2 
90,167 149,7 2132/2 114,6 149,7 2103/2 132el 

* SHRl~K•GE STRAIN IS CALCULATED FROM STRAIN OBSF.RVED AT 7 DAYS 



315 

ieHRINKAGE ST11AIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN G•9 

TEST TEMPERATURE AT 90 DAYS 150 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIMF. TEMP READ/DIV SHR STRAIN• TEMP READ/DIV SHR STRAIN• 
<DAYS) ( F) (FREQ) CMIC•UNITS) CF> (FREQ) <MIC•UNITS> 

0.000 89.0 2236/2 .4s.1 86.7 2107/2 .53.0 
0.000 e6.o 2226/2 •34.l 83.8 2097/2 •40,0 
1.000 e9.o 2240/2 •53.7 86,7 2103/2 •47,8 
1.942 76.3 2246/2 •62.0 12.s 2111/2 -se.3 
2.096 103.2 2193/2 10.9 101.0 2058/2 10.2 
2.996 1e.s 2212/2 -1s.o 75.5 2079/2 -16,7 
3.983 77,0 221112 •13.7 74.0 2078/2 •1S•4 
4.975 78.S 2?04/2 .. 4.1 75.S 2072/2 •7,7 
5,971 78.5 2204/2 -4.l 75,5 2070/2 -s,1 
1.017 78.5 2?0112 o.o 75.S 2066/2 0,0 

14.158 11.0 2194/2 9,5 12.s 2060/2 7,7 
28,012 79,2 2186/2 20,4 76,l 2047/2 24,2 
S6.0l3 75.S 2197/2 s.s 73,2 2058/2 10.2 
eJ.111 74.0 2205/2 -s.s 74,0 2062/2 5, l 
90,200 1s1.2 2090/2 147,7 152.0 3889/4 151,1 

* SHRINKAGE STRAIN IS CALCULATED FROM STRAIN oas,RVED AT 7 DAYS 



316 

C.HRtNKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOAOING 

SPECIMEN G•lO 

TEST TEMPERATURE AT t:lO DAYS 75 F 
TEST MOISTURE AIR DRY 

AXIAL. GAGE RADIAL GAGE 

TIME TE~P READ/DIV SHR STRAIN* TEMP READ/DIV SHR STRAIN* 
(DAYS) (Fl (FREQ) <MIC•Ut·HTS> CF> (FREQ) (MlC•UNITS) 

0,000 89,0 2272/2 5,6 89,0 2234/2 0,0 
0,000 86,0 2263/2 18,3 86,0 2225/2 12,4 
1,000 88,2 2278/2 .2.e 87,5 2237/2 •4,2 
1,929 74,0 2282/2 .e.s 74,0 2241/2 .9,7 
7,021 75,5 2276/2 o.o 76,3 2234/2 0,0 
7,971 79,2 2256/2 28,l 79,2 2222/2 16,6 
8,975 78,5 2242/2 47,6 79,2 2212/2 30,3 
9,975 74,7 2241/2 49,0 74,7 2212/2 30,3 

10,963 76,3 2231/2 62.9 76,3 2203/2 42.6 
11,988 76.3 2224/2 72.5 76,3 2199/2 48,l 
12.971 76,3 2219/2 79,4 77,0 2194/2 54,9 
14,162 77,0 2213/2 87.7 77,0 2191/2 S9,0 
28,021 77,0 2i64/2 1S4.2 77,0 2153/2 110,2 
56,000 77,0 2115/2 219,2 77,0 2117/2 157,8 
85,829 92,0 2094/2 246,6 92,0 2088/2 195,6 

* SHRINKAGE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 



317 

1:iHRINKAGE ST~AIN AND TEMPERATURE DATA BEFORE LOADING 

SPECIMEN G-18 

TEST TEMPERATURE t\T qO OAYS 75 F 
TEST MOISTURE .AS CAST 

AXIAL GAGE RADIAL GAGE 

TIMF. TEMP READ/DIV SHR STRAIN• TEMP READ/DIV SHR STRAIN• 
<DAYS> <F> (FREQ) (MIO-UNITS) CF) CF'AEQ) <MlC•UNJTS> 

0.000 90.5 2242/2 •40.1 eo.o 2142/2 •56.S 
0.000 86e0 2233/2 •27.6 76.3 2132/2 •43•3 
1,000 ee.2 2246/2 •45.6 78,S 2130/2 •40.6 
1,938 73.2 2251/2 •52.6 65,0 2137/2 •49,9 
2,096 105,5 2198/2 20.s 95,7 2082/2 22.0 
3,000 78,5 222212 •12.4 68,8 2108/2 -11.1 
3,987 11.1 222212 •12.4 67,2 2108/2 •11,7 
4,979 79.2 2216/2 .. 4.1 68,8 2101/2 •2,6 
5,979 78,5 2214/2 -1.4 68.8 210112 -2.6 
7,021 79.2 2213/2 o.o 68,8 2099/2 0,0 

14,167 11,1 2208/2 6,9 66,5 2096/2 3,9 
2e.012 77,7 2205/2 11.0 67,2 2091/2 10,4 
55.987 77,7 2214/2 .1.4 66,5 2099/2 o.o 
84.071 77,0 2216/2 -4.1 66,5 210012 •1,3 
90,946 75,5 2218/2 -6,9 65,0 210112 -2.6 

* SHRINKAGE STRAIN IS CALCULATED FROM STRAIN OBSF-RVED AT 7 DAYS 



318 

c;HRINKAGE STRAIN ANO TEMPERATURE DATA BEFO~E LOAOJNG 

S~ECIMEN G-19 

TEST TEMPERATURE AT QO DAYS 150 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SH~ STRAIN* 
(O~YS) < F) (FREQ) <MIC-UNITS) (F> <FREQ) <MlC•UNtTS) 

0.000 A8e2 2130/2 ... 1. 3 88.2 2117/2 -2e.1 
0.000 84.S 2117/2 15,8 84,5 2108/2 •16,9 

1.000 86,0 2134/2 ... 6,6 87,S 2106/2 •14,3 
1,933 BO,O 2140/2 •14,6 80,0 2111/2 •20,9 
7,029 74,7 2129/2 0,0 75,5 2n95/2 0,0 
7,975 75,5 2111/2 23,7 11,1 2084/2 14,3 
8,975 77,0 2098/2 40,6 77,7 2073/2 28,4 
9,975 74,7 2097/2 41,9 74,7 2073/2 28,4 

10,963 74,0 2090/2 s1.o 75,S 2065/2 38,7 
11.992 74,0 2082/2 61,4 76,3 2059/2 46,4 
12,975 74,0 2078/2 66.5 75,S 2054/2 52,7 
14,171 75,5 2070/2 76,8 75,S 2050/2 57,8 
2e,ooe 75,5 202212 137,7 77,0 2011/2 106,9 
S6,000 74,0 3963/4 188,0 75,5 3957/4 147,1 
83,167 85,2 3870/4 244,4 87,S 3871/4 199,3 
90,083 151,2 3835/4 265,3 151,2 3796/4 243,9 

* SHRI~KaGE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 



319 

<-H~INKAGE STRAIN ANO TF.MPERATURE OATA BEFORE LOADING 

SPECIMEN G•21 

TEST TEMPEAATURE AT qO DAYS 150 F 
TEST MntsTURE AlR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHk STRAIN* TEMP READ/DIV SMR STRAIN• 
(DAYS) ( F > (FREQ) (MIC-UNITS) <F> (FREQ) (MlC•UNITS> 

0,000 79,2 2099/2 .. 6,S 87,5 2247/2 16,8 
0,000 75,5 2089/2 6,5 83,0 2240/2 26,5 
1.000 78,S 2105/2 -14,3 86,7 2262/2 •4,2 
1,950 62,7 2109/2 •19,S 75,5 2269/2 •14,0 
7,,:,29 66,5 2094/2 0,0 75,5 2259/2 o,o 
7,983 67,2 2074/2 25,8 76,3 2247/2 16,8 
8,979 68,0 2059/2 45,1 77,0 2235/2 33,4 
9,979 65,7 2058/2 46,3 74,7 2236/2 32,0 

10,963 65,7 2049/2 57,8 75,5 2229/2 41,7 
11,992 65.7 2041/2 67,9 74,7 2223/2 50,0 
12,979 65,'1 2037/2 73,0 75,5 2218/2 56,9 
14,175 66,S 2030/2 81,A 74,0 2216/2 59,7 
2s.021 66,5 3968/4 139,l 76,3 2181/2 107,4 
56,013 65,7 3878/4 193,8 74,7 2149/2 150,3 
A3,221 94,2 3722/4 2A5,7 92,7 2091/2 226,5 
84,033 96,S 3815/4 231,3 104,0 211112 200,5 
91,700 140,0 3746/4 271,8 149,7 2069/2 254,9 

* SHAINKiGE STRAIN IS CALCULATED FRO~ STRAIN OBSERVED AT 7 DAYS 



320 

~HAlNKAGE STRAIN AND TEMPERATURE DATA BEFORE LOADING 

SPECIMEN G•30 

TEST TEMPERATURE AT QO DAYS 75 F 
TEST MOISTURE AIR DRY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP REAO/OIV SHR ST~AIN• TEMP READ/DIV SHR STRAIN* 
(DAYS) CF) (FREQ) (Mtc-U~HTS) CF) (FREQ) CMIC•UNITS) 

0.000 ae.2 2111/2 -11.e 88.2 2133/2 •27e6 

0.000 84e5 2100/2 2.6 86.0 2124/2 -is.a 
1.000 86.7 2114/2 -1s. 1 86.7 2126/2 •l8e4 
1.946 74.0 2117/2 •19.6 74.7 2127/2 •19.7 
1.033 76.3 2102/2 o.o 11.0 211212 o.o 
7.987 77,0 2084/2 23.4 11.1 210012 1s.1 
8.983 78.5 2068/2 44.0 78.S 2(')89/2 30.0 
9.979 75.S 2068/2 44.o 75,5 2089/2 Jo.o 

10,967 75,5 2058/2 56,7 11.0 2081/2 40,3 
11,996 76,3 2050/2 66,9 77,0 2074/2 49,3 
12,979 76.3 2047/2 10.1 77,0 2069/2 55,7 
14,179 76,3 2039/2 eo.9 77,0 2065/2 60e9 
28,021 77,0 3981/4 141.S 11.1 2024/2 112.a 
56.000 76.3 3890/4 1c;1.o 77,0 3974/4 158,8 
83,208 89,0 3794/4 254.l 89,0 3884/4 213,6 
90.000 11.0 3840/4 226.9 11.0 3908/4 199,2 

* SHRINKAGE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 



321 

~HAIN1<AGE STRAIN AND TEMPERATURE DATA BEFORE LOADING 

SPECIMEN G•35 

TEST TEMPERATURE AT qo DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN• TEMP READ/DIV SHR STRAIN• 
<O~YS) (F) (FREQ) (MIC•UNITSl CF> (FREQ) CMIC•UNtTS> 

0.000 ee.2 2240/2 •3A.6 88,2 2228/2 ·66,9 
0,000 A4,5 2228/2 •22,0 84,5 2220/2 •SS,9 
1,000 86,7 2245/2 •45,6 86,0 2218/2 •53,2 
1,950 76.3 2249/2 •51,2 76,3 2219/2 •54,5 
2,104 113,7 2174/2 51,7 113,0 2148/2 41,6 
3,008 77,7 2219/2 •9.6 77,7 2189/2 •13,5 
3,996 76,3 2218/2 .e,2 76.3 2189/2 •13,5 
4.987 77,7 2214/2 •2,7 77,7 2184/2 •6,8 
S,987 77,7 2214/2 .2.1 77,7 2183/2 •S,4 
7,033 77,0 221212 o.o 77,0 2179/2 o.o 

14,179 76,3 2207/2 6,8 76,3 2172/2 9,4 
28,029 77,7 2203/2 12,3 77,7 2165/2 18,9 
56,021 75,S 2215/2 .4,1 75,S 2115/2 S,4 
83,104 73,2 2223/2 -1s.1 73,2 2181/2 •2,7 
90,167 77,0 2218/2 -8,2 11.0 2173/2 8, l 

* SHRINKAGE STRAIN IS CALCULATED FROM STRAIN 08SF.:RVEO AT 7 DAYS 



322 

~HqINKAGE ST~AIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN H•l 

TEST TEMPERATURE AT qO DAYS 75 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN• TEMP READ/DIV SHA STRAIN• 
<DAYS> <F> (FREQ) (MIC-UNITS) <F > (FREQ) (MIC•UNITS> 

0.000 81.5 2235/2 29.2 s2.2 2237/2 8,3 
0,000 85,2 2247/2 12,6 86,0 2248/2 •1,0 

.979 ao.o 2244/2 16,7 80,7 2235/2 11, 1 
1.917 74,0 2243/2 18,1 75,5 2243/2 0,0 
7,063 76.3 2256/2 0,0 76.3 2243/2 0,0 
9,167 11.0 2228/2 38.9 77,7 2226/2 23,6 

10,208 76,3 2218/2 S2,7 77,7 2220/2 31,8 
11,021 76,3 221212 60.9 77,0 2217/2 3S,9 
12.021 75.S 2208/2 66,4 76,3 2213/2 41,4 
13,042 76.3 2203/2 73,3 76,3 2209/2 46,9 
14,125 75,5 2196/2 82,8 77,0 2204/2 S3,8 
28,000 77,7 2151/2 143,4 77,7 2172/2 97,2 
56,021 77,7 2101/2 ·209,4 77,7 2136/2 14S,3 
e1.12s 74,7 2075/2 243,0 76,3 2113/2 175,S 
@2.917 74,7 2083/2 232,7 76,3 2118/2 169,0 
83,292 B9,7 2084/2 231,4 91,l 2119/2 167,7 

* SHRINKAGE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 



323 

~H~JNKAGf. STRAIN At.JD TEMPERATURE DATA BEFORE LOADING 

SPECIMEN "4•4 

TEST TEMPEAATURE AT qo DAYS 75 F 
lEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SHR STRAIN* 
(DAYS) ( F) (FREQ) (MIC-UNITS> ( F') <FREQ> (MIC•UNITS> 

0.000 81,5 2257/2 30,9 e1.s 2234/2 le4 
0,000 85,2 2269/2 14, l 86,0 2245/2 •l3e9 

,979 80.7 2267/2 16,9 81,5 2223/2 16e6 
1,917 74,7 2270/2 12,7 74,7 2230/2 6e9 
7,063 73,2 2279/2 o.o 73,2 2235/2 o.o 
e.2oa 76,3 2252/2 37.9 11.0 2220/2 20.1 
9,167 76,3 2242/2 51.9 76.3 2214/2 29e0 

10.208 76,3 2232/2 65.7 11.0 2209/2 35.8 
11.167 76,3 2226/2 74,0 11.0 2204/2 42,7 
12.021 75,5 2219/2 83.7 76,3 2200/2 48el 
13,021 75,5 2214/2 90,5 76,3 2196/2 53,6 
14,125 75.S 2209/2 97,4 1s.s 2192/2 59.0 
2a.ooo 77,0 2163/2 159.7 77,0 2160/2 102.2 
56,021 76,3 2113/2 226,0 76,3 2123/2 151•3 
90,562 59,0 2080/2 268,9 S9,0 2095/2 187,9 

117,937 59.0 2055/2 301.0 60e5 2075/2 213,8 

* SHRINKaGE STRAIN IS CALCULATED FROM STRAIN oese:RVED AT 7 D•YS 



324 

~HFUNKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECI~EN M•5 

TEST TEMPERATURE AT 90 DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN• TEMP READ/DIV SHR STRAIN* 
(DAYS) <F> (FREQ) (MIC•UNITSl (F) (FREQ) (MIC•UNITS> 

0.000 82.2 2238/2 .2.a a2.2 2282/2 •l,4 
0.000 es.2 2247/2 -1s.3 85,2 2290/2 •12,8 

,979 aJ.o 2242/2 .. 8,3 83,0 2286/2 •7,1 
1.917 75,S 2254/2 .2s.1 75,5 2298/2 -24,l 
2,958 78,5 2241/2 •6,9 78,5 2287/2 •8,5 
4,042 79,2 2240/2 ... s.6 78,5 2~85/2 •S,7 
s.021 11.1 2239/2 ... 4.2 77~7 2284/2 •4,2 
6,271 78,5 2237/2 •l ,4 78,5 2281/2 0,0 
7,042 77,7 2236/2 o.o 77,7 2281/2 0,0 

14,125 77.0 2229/2 9,7 77,0 2274/2 9,9 
28,000 11.0 2229/2 9.7 77,0 2276/2 7, 1 
56.021 11.0 2234/2 2.8 11.0 2280/2 1,4 
90.562 60.S 2235/2 1,4 60,5 2284/2 •4,2 

117,917 59,7 2234/2 2.e 59,7 2284/2 •4,2 

* SHRINKAGE STRAIN 15 CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 



325 

~HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN H•l4 

TEST TEMPERATURE AT 90 DAYS 75 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN• TEMP READ/DIV SHR STRAIN* 
(O~YS) (F> (FREQ> CMIC•UNITS) (F) ( FREQ) CMIC•UNITS> 

0.000 e1.s 2270/2 22.6 e2.2 2231/2 0,0 
0.000 85.2 2281/2 7.1 86.0 2246/2 •20•8 

.979 82,2 2279/2 9,9 82,2 2224/2 9,7 
1,917 74.o 2283/2 4,2 74,7 2234/2 •4e2 
7,063 76.3 2286/2 o.o 76,3 2231/2 0,0 
a.2oa 76,3 2273/2 18,4 77,0 2228/2 4e l 
9.167 76.3 2261/2 35.2 77,0 221!5/2 22,1 

10,208 75,S 2253/2 46,4 11.1 2210/2 28,9 
11.021 76.3 2247/2 54.8 11.0 2206/2 34.4 
12.021 75.S 2241/2 63.2 76,3 2203/2 38,5 
13.042 75,5 2235/2 71.5 76,3 2196/2 48,0 
14.125 74.7 2231/2 77,0 76,3 2t93/2 52,1 
2a.ooo 76,3 2188/2 135,9 76~3 2160/2 96.6 
56,021 76,3 2139/2 201,6 76,3 2123/2 l45e8 
81,125 76.3 2115/2 233.3 74,7 2103/2 112.0 
81,542 77,0 2112/2 237.2 78,S 210012 175.9 
83,167 76.3 2136/2 205.6 76,3 2115/2 156e3 
83,167 91.3 2138/2 203,0 92.0 2116/2 155,0 
89,958 73.2 2140/2 200,3 74,7 2109/2 l64el 

• SHRINK~GE STRAIN IS CALCULATED FROM STRAIN 08SF.RVEO AT 7 DAYS 



326 

~HAINKAGE: STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN M•l6 

TEST TEMPERATURE AT QO DAYS 75 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SHR STRAIN* 
<DAYS) ( F > (FREQ) <MIC-UNITS) ( F > (FREQ) (MlC•UNITS) 

0.000 81.5 2235/2 39.o e1.s 2265/2 -21,0 
0,000 86.0 2247/2 22,4 85,2 2277/2 -37,9 

.979 e2.2 2241/2 30.7 81,S 2254/2 -s.6 
1,917 74, 7 2253/2 14,0 74.0 2257/2 -9,8 
7,063 74,0 2263/2 o.o 72,5 2250/2 0,0 
8,208 76,3 2244/2 26.S 75,S 2234/2 22,2 
9,146 76,3 2235/2 39,0 76,3 2225/2 34,7 

10.208 76,3 2225/2 52,9 76,3 2219/2 42,9 
11,021 76,3 2219/2 61,1 75,S 2213/2 51,2 
12,021 75,5 2214/2 68,0 74.7 2209/2 56,7 
13,042 76,3 2209/2 74,9 75,5 2203/2 64,9 
14,125 76,3 220212 84,4 75,5 2197/2 73,1 
2a.ooo 76,3 2160/2 141,2 76,3 2162/2 120,4 
56,021 76,3 2111/2 206,1 76,3 2128/2 165,6 
90,562 59,0 2079/2 247,7 59,0 2101/2 201,0 

* SHRINKAGE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 



327 

cHRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE ~OADING 

SPECIMEN H•l7 

TEST TEMPERATURE AT t;O DAYS 75 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP REAO/OIV SHR STRAIN* TEMP READ/DIV SHR STRAIN• 
COAYS) (F) (FREQ) <Mic-u~urs, (F) (FREQ) CMlC•UNITS> 

0.000 e1.s 2352/2 ••• e1.s 2228/2 21.8 
0.000 e4.s 2~61/2 .e.s 84.S 2237/2 15.3 

.979 e2.2 2354/2 1.s 82.2 2235/2 1s.1 
1.917 74.7 2359/2 .s.a 74.7 2244/2 5.6 
7.063 12.s 2355/2 o.o 74.0 2248/2 o.o 
s.2oe 1s.s 2330/2 36.3 75.S 2234/2 19,5 
9.146 75.5 2322/2 47,8 76.3 2229/2 26.4 

10.208 76.3 2312/2 62,2 76.3 2220/2 38e8 
11.021 75.S 2305/2 72.2 75,S 2216/2 44.J 
12.021 74,7 2301/2 77.9 74,7 2211/2 51,1 
13.042 75.S 2297/2 83.6 75.5 2205/2 59,4 
11 .. 12s 75.S 2290/2 93.6 75,S 2201/2 64.8 
2e.ooo 76,3 2241/2 162,4 76,3 2169/2 108,2 
56.021 76.3 2195/2 225,7 76.3 2133/2 156e2 
90.562 59.0 2167/2 263.S 59.7 2101/2 198,2 

117.917 s9.o 2144/2 294,3 59,7 2085/2 218•9 

* SHRINKAGE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 



328 

<:;HRINKAGE STRAIN A~O TEMPERATURE OATA BEFORE LOADING 

SPECIMEN H•22 

TEST TEMPERATURE AT ClO DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SH~ STRAIN• TEMP READ/DIV SHA STRAIN* 
(DAYS) <F> (FREQ) (MIC-UNITS) ( F > (FREQ) (MIC-UNITS) 

0,000 e1.s 2223/2 36,0 82,2 2222/2 -23.3 
0.000 99,5 2252/2 .4.2 86,0 2234/2 .39,9 

,979 81,5 2214/2 48,4 81,S 2232/2 •37,l 
1,917 74,7 2222/2 37,4 74,7 2240/2 •48,2 
2,958 78,5 2252/2 •4,2 78,5 2212/2 -9.6 
4,021 77,0 2254/2 .. 7,0 77,7 2209/2 -s.s 
5,021 77,0 2251/2 -2,8 77,0 2208/2 •4,l 
6,250 77,0 2249/2 0,0 77,7 2205/2 o.o 
7,042 77,0 2249/2 o.o 77,0 2205/2 0,0 

14,125 75,S 2241/2 11.1 77,0 2199/2 8,2 
28,000 74,7 2237/2 16,7 76,3 2197/2 10,9 
56,021 11,0 2235/2 19,S 77,0 2195/2 13,6 
82,375 75,S 2229/2 27,8 77,0 2189/2 21,8 
82,375 91,3 2232/2 23,6 92,0 2190/2 20,4 
90,000 74,0 2234/2 20,8 74,7 2185/2 27,2 

* SHRI~K~GE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 



329 

c:HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOAntNG 

SPECIMEN M•24 

TEST TEMPERATURE AT C?O DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAI~• TEMP REAO/OIV SHR STRAIN* 
<DAVS) <F> (FREQ) (MIC-UNITS> <F) (FREQ) (MlC•UNITS> 

0.000 81.5 2228/2 11.1 e1.s 2242/2 •6.9 
0.000 84.S 2239/2 -4.2 84.S 2250/2 •18•1 

.979 e1.s 2240/2 -5.6 e2.2 2243/2 -e.3 
1.917 74.7 22S3/2 -,3.7 74.7 22S4/2 .23.7 
2.958 78.5 2242/2 .e.3 78,5 2243/2 •8,3 
4.021 77.7 2241/2 -6.9 77,7 2241/2 -5.6 
s.021 77,0 2240/2 -5.6 11.0 2240/2 -4.2 
6.271 77.0 2236/2 o.o 11.0 2238/2 •1,4 
7.042 11.0 2236/2 o.o 77.0 2237/2 o.o 

14.125 76.3 2228/2 11.1 76.3 2229/2 11.1 
2a.ooo 74.7 2229/2 9.7 76.3 2228/2 12.s 
56.021 76.3 2231/2 6.9 76.3 2230/2 9.7 
90.562 59.7 2231/2 6.9 59.7 2232/2 6.9 

117.917 59.7 2229/2 9.7 59.7 2?.30/2 9.7 

* SHRINK~GE STRAIN IS CALCULATED~FROM STRAIN OBSERVED AT 7 DAYS 



330 

~HRINKAGE STRAIN AND TEMPERATURE DATA BEFORE LOADING 

SPECIMEN M•2B 

TEST TEMPERATURE AT QO DAYS 75 F' 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SHR STRAIN* 
(DAYS) (F) (FREQ) <MtC-UN!TSl ( F) (F'REQ) (MIC-UNITS> 

0.000 e2.2 2241/2 -6.9 e2.2 2236/2 .35.a 

0.000 es.2 2252/2 -22.3 86.0 2245/2 •48e3 

.979 aJ.o 2246/2 -13.9 83.0 2224/2 -19.2 
1.917 74.7 2257/2 -29.2 74.7 2233/2 ... 31.1 
2.958 79.2 2244/2 -11.1 79.2 2219/2 -12.4 
4.021 79.2 2242/2 .e.3 11.1 2217/2 -9.6 
s.021 78.5 2240/2 ... s.6 11.1 2215/2 -6.9 
6.271 1e.s 2237/2 -1.4 11.1 2211/2 •le4 
7.042 77.7 2236/2 o.o 77,7 2210/2 o.o 

14.125 11.0 2231/2 6,9 11.0 2203/2 9.6 
2s.ooo 76,3 2230/2 8.3 76,3 2198/2 16,4 

56.021 76,3 2232/2 s.s 76,3 2194/2 21,8 
83.167 76,3 2234/2 2,8 76.3 2191/2 25,9 
83,167 91.3 2234/2 2,8 «H,3 2191/2 25,9 
89.917 74,0 2237/2 •l,4 74,0 2192/2 24,6 

* SHRlNK~GE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 



331 

~HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN H•31 

TEST TEMPE~ATURE AT gO DAYS 75 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SH~ STRAIN* TEMP READ/DIV SHR STRAIN* 
(DAYS) <F> <FREQ) (MIC-UNITS> <F) (FREQ) (MlC•UNITS> 

0,000 81,5 2240/2 20,9 81,5 2233/2 •9,7 
0,000 84,5 2250/2 7.0 83,8 2240/2 n\9,4 

,979 83,0 2237/2 25.1 82,2 2220/2 8,3 
l,917 75.5 2247/2 11.2 74,7 2229/2 •4,l 
7,063 76,3 2255/2 0,0 74,7 2226/2 0,0 
8,208 77,0 2240/2 20,9 75,5 2217/2 12,4 
9,)46 77,0 2231/2 33,4 75,S 2213/2 17,9 

10,208 77,0 2223/2 44.4 75,S 2209/2 23,4 
11,021 77,0 2218/2 Sl ,3 75,S 2206/2 27,5 
12.021 76,3 2213/2 58,2 75,5 2202/2 32,9 
13,042 77,0 2Z07/2 66,4 75,S 2198/2 38,4 
14,125 76,3 2201/2 74,6 75,5 2191/2 47,9 
28,000 76,3 2158/2 132,7 76,3 2161/2 88,4 
56,021 77,0 2113/2 192,3 77,0 2128/2 132,3 
90,562 59,7 2085/2 228,7 59,0 2104/2 163,8 

117,917 61,3 2062/2 258.3 59,7 2086/2 1e1.1 

* SHRI~K~GE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 



332 

c;HR I NKAGE SlJ~A IN A~O TEMPERATURE DATA BEFORE LOADING 

SPECIMEN M•34 

TEST TEMPERATURE AT qO DAYS 75 F 
TEST Mt1ISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/OIV SHR STRAIN• TEMP READ/DIV SHR STRAIN* 
<DAYS) (F) (FREQ) (MlC•UNITSl (F> (FREQ) (MIC•UNITS) 

0.000 e1.s 2309/2 .. 1.2 e1.s 2228/2 .45.2 
0.000 A2e2 2316/2 -11.2 84.5 2235/2 .54.9 

.979 01.s 2318/2 -20.1 a2.2 2213/2 •24e6 
1.917 74.7 2324/2 -28.7 75.S 2218/2 .31.s 
2.958 77,7 2313/2 -12.9 79,2 2203/2 -10.9 
'+.021 77.0 2310/2 .e.6 77.7 2200/2 •6,8 
s.021 11.0 2308/2 -5,7 11.1 2199/2 .5.4 
6,250 76.J 2305/2 -1.4 11.1 2196/2 •le4 
7,042 76,3 2304/2 o.o 77.0 2}95/2 o.o 

14.125 76.3 2296/2 11.4 11.0 2186/2 12.2 
28,000 75,5 2290/2 19.9 76.3 2178/2 23,0 
56.021 75,5 2284/2 28,4 75,S 2173/2 29e8 
90,562 59.o 2275/2 41,2 59.0 2168/2 36,5 

117,917 57,5 2268/2 51,0 59.0 2164/2 41,9 

• SHRI~K~GE STRAIN IS CALCULATED FROM STRAIN OBSFRVED AT 7 DAYS 



333 

c;H~INKAGE STRAIN AND TEMPERATURE DATA BEFORE LOADING 

SPECIMEN H•JS 

TEST TEMPERATURE AT <10 DAYS 75 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN• TEMP READ/DIV SHR STRAIN• 
<DAYS) CF> (FREQ) (MIC-UNITS) (F) <FREQ) CMIC•UNITS) 

0.000 BO.O 2245/2 29.4 e1.s 2243/2 1.0 
0.000 83.8 2252/2 19.6 84eS 2252/2 •5•6 

.979 81.5 2251/2 21.0 02.2 2243/2 1.0 
1.911 74.7 2263/2 4.2 74,0 2250/2 -2.s 
7,063 74.0 2266/2 o.o 74.7 2248/2 o.o 
e.2oa 74.7 2248/2 2s.2 76,3 2237/2 15,3 
9,146 75.5 2238/2 39.1 76,3 2233/2 20,8 

10,208 75.5 2228/2 52.9 76.3 2229/2 26,4 
11,021 75.5 222112 62,6 76,3 2225/2 31,9 
12.021 75.5 2216/2 69,5 75,S 2223/2 34,7 
13.042 1s.s 221012 77,7 76,3 2217/2 r.2.9 
14,125 75,5 2203/2 81,3 76,3 2213/2 48.4 
2a.ooo 76.3 2153/2 154,8 76.3 2182/2 90,6 
56,021 77,0 2102/2 222,1 77,0 2147/2 137,6 
90,562 60,5 2068/2 266,0 59,0 2119/2 174,6 

117,91"1 59,7 2041/2 300.4 59,7 2100/2 199,5 

• SHRINKAGE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 



334 

~HRlNKAGE STRAIN A~O TEMPERATURE DATA BEFORE LOAOING 

SPECIMEN H•45 

TEST TEMPERATURE AT QO DAYS 75 F 
TEST MOISTU~E AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SHH STRAIN* 
(DAYS) (F) (fREQ) <MIC-UNITS> (F) (FREQ) <MIC-UNITS> 

0.000 82,2 2237/2 •29,0 81,5 2210/2 o.o 
0.000 83,8 2243/2 .. 37,3 83,8 2217/2 •9,6 

,979 82,2 2233/2 •23,4 01.s 2215/2 -6.9 

1,917 75,5 2242/2 .. 35,9 74,7 2225/2 -20.6 
2,958 78,5 2222/2 •8113 78115 2218/2 -11,0 
4,021 11.1 222012 .s.s 77,7 2215/2 •6,9 

s.021 77.7 2219/2 -4,1 77,7 2213/2 •4,1 
6,250 77,7 2216/2 0,0 77117 2210/2 o.o 
7,042 11.0 2216/2 o.o 77.0 2210/2 o.o 

14,125 77,0 2211/2 6,9 11.0 2204/2 8,2 
28,000 76,3 2213/2 4,1 76113 2204/2 a.2 
56,021 75,5 221112 •1114 75,5 2200/2 13117 
90,562 59,7 222012 •5115 59,7 2199/2 1S,0 

117,917 59,7 222012 .s.s 59117 2196/2 19,l 

* SHRI~K~GE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 



335 

~HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN T•l 

TEST TEMPERATURE AT l.lO DAYS 75 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP RfAOIOIV SHR STRAIN* TEMP REAOIQIV SHR STRAIN* 
(OAYS) ( F) (FREQ) (MIC•UNITS) CF) (FREQ) <MIC•UNITS> 

0.000 11.0 2300/2 31.S 79.z 2268/2 56e7 
0.000 ao.1 2309/2 18.7 83.8 2279/2 41.2 

e938 78,5 2313/2 12.9 81,5 2291/2 24e2 
1,958 69.S 2324/2 ... 2.9 11.1 2303/2 1.1 
1.12s 68,8 2322/2 o.o 11.0 2308/2 o.o 
a.167 11.0 2302/2 28,7 74.0 2294/2 20.0 
9.112 71,0 2292/2 42.9 74.0 2287/2 29.9 

10.021 11.0 2283/2 ss.1 74.0 2279/2 41.2 
11.021 71.0 2275/2 67.0 74.0 2267/2 58el 
12.042 71.7 2266/2 79.6 74,0 2260/2 68.0 
13.021 71.7 2260/2 es.1 74.7 2253/2 11.e 
14.063 71.0 2253/2 97.9 74.7 2245/2 88,9 
2e.021 74,7 2210/2 157.4 74.7 2210/2 137.3 
56.021 11.1 2165/2 218.4 74.0 2168/2 194113 
e2.12s 70.2 2143/2 247.8 73.2 2144/2 226.3 
82.542 11.0 2146/2 243,8 eo.7 2147/2 222.3 
83,021 11.1 2158/2 221.e e1.s 21ss12 211.1 
83.271 87.5 2161/2 223,7 89.7 2157/2 209,0 
89.917 140.7 2148/2 241,1 161.0 2123/2 254,1 

• SHRINKftGE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 
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~HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOAOING 

SPECI~EN T•l3 

TEST TEMPERATURE AT qo DAYS 75 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP REAO/OIV SHR STRAIN* TEMP READ/DIV SHR STRAIN* 
(DAYS) (F) (FREQ) (MIC•UNITS\ (F) (FREQ) (MlC•UNITS) 

0.000 02.2 2203/2 60.7 e1.s 2214/2 69.4 
0.000 86,0 221012 51.1 85,2 2219/2 62·•5 

•938 84•5 2223/2 33.3 84.S 2239/2 34.9 
1.958 75.5 2242/2 1.0 76.3 2257/2 9.8 
1.12s 74.0 2247/2 o.o 74.0 2264/2 o.o 
a.167 76.3 2229/2 2s.o 75.S 2253/2 1S,4 
9,125 76,3 222012 37,4 75,S 2245/2 26,6 

10.021 77,0 221212 48,4 77,0 2236/2 39,1 
11.021 75.S 2204/2 59,3 74,7 2228/2 50,l 
12,042 75,5 2198/2 67.S 75.S 2220/2 61,2 
13,021 75,5 2191/2 77,0 75,5 2211/2 73,5 
14,063 75.5 2183/2 87,9 75,S 2207/2 79,0 
28,021 76.3 2138/2 148,2 76,3 2170/2 129,2 
56,021 11.0 2084/2 218.8 77,0 2126/2 187,8 
e2.12s 75,5 2055/2 256,1 74,7 2099/2 223,2 
e2.s42 81,5 2069/2 238,2 81,5 2106/2 214,0 
83,?71 77,7 2075/2 230.4 76,3 211012 208,8 
83,271 93,5 2076/2 229,2 93,5 211212 206.2 
89,917 147,5 2031/2 286,S 146,0 2064/2 268,3 

* SH~INK~GE STRAIN IS CALCULATED FROM STRAIN OBSF.RVEO AT 7 DAYS 
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~HAINKAGE STRAIN ANO TEMPERATURE DATA AEFORE LOADING 

SPECI~EN t•l6 

TEST TEMPERATURE AT qo DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIMF: TEMP READ/DIV SHR STRAIN* TEMP READ/DIV SHR STRAIN• 
<D"YS) <F> cFREQ) (MIC•UNITS) CF> ( FREQ) (M1C•UNITS> 

0.000 o.o 2241/2 11.1 o.o 2261/2 29,6 
0.000 A4,S 2251/2 .2.e 86.0 2266/2 22,6 

,938 S3,8 2259/2 •14.0 84,S 2280/2 2,8 
1.958 e1.s 2260/2 -15.4 01.s 2282/2 o.o 
3,208 11.1 2255/2 .a.4 78.S 2284/2 •2,8 
4,021 77.0 2254/2 .1.0 78,S 2286/2 .. 5,7 
s.021 76.3 2c5412 -1.0 11.0 2285/2 .4.2 
6,042 76.3 2251/2 .2.a 11.0 2284/2 •2,8 
7,125 76,3 2249/2 o.o 76,3 2282/2 o.o 

14.208 76.3 2236/2 1e.1 76,3 2272/2 14.1 
28,021 11.0 2230/2 26,4 11.0 2270/2 16,9 
56,021 75.5 2224/2 34,7 75.S 2273/2 12,7 
82,542 11.0 2218/2 42,9 11.0 2269/2 18,3 
82,542 94,2 2220/2 40,2 95,0 2271/2 15,5 
89,917 147.S 2119/2 177,3 148,2 2150/2 181.4 

* SHAl~K~GE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 
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c:;HRINKAGE STRAIN AND TEMPERATURE DATA BEFORE LOADING 

SPECIMEN r-11 

TEST TEMPERATURE AT 90 DAYS 75 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SH~ STRAIN* TEMP READ/DIV SHR STRAIN* 
(CAYS) ( F > (FREQ) (MIC•UNITS) (F) <FREQ> (MlC•UNITS) 

0.000 o.o 4052/4 S9.7 o.o 2129/2 60.0 
0.000 89.0 2032/2 52,2 79.2 2136/2 50,8 

,938 87.5 2044/2 37,0 78.5 2145/2 38.8 
1.958 69.5 2064/2 11,5 11.1 2162/2 16,l 
7 .12s 68.8 2073/2 o.o 11.1 2174/2 0,0 
8,167 71,0 2053/2 25.6 79,2 2161/2 17,5 
9,112 10.2 2041/2 40,8 79,2 2154/2 26,8 

10,021 71.0 2031/2 53,4 79,2 2147/2 36,2 
11.021 71.7 202112 66,0 79,2 2139/2 46.8 
12,042 70.2 2014/2 74.8 79,2 2131/2 57,4 
13.021 71,7 2006/2 84,7 eo.o 2125/2 65,3 
14.063 71,7 2000/2 92.2 80,0 2118/2 74,5 
28,021 11. 7 3894/4 157,0 80,0 2084/2 118,8 
56,021 71,7 3776/4 221.2 80,0 2037/2 178,8 
89,917 54,S 3700/4 271,2 63,5 2000/2 225,1 

* SHRINKaGE STRAIN IS CALCULATED FROM STRAIN OBSe-RVEO AT 7 DAYS 
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c:;HRINKAGE STRAIN ANO TEMPERATURE DATA AEFORE LOADING 

SPECIMEN r-20 

TEST TEMPERATURE AT qO DAYS 75 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIMF. TE>,,P READ/DIV SHR STRAIN* TEMP READ/DIV SHR STRAIN* 
<DAYS) (F) (FREQ) <MIC•UNtTS) (F) (FREQ) (MlC•UNITS) 

0.000 80.7 2249/2 53.4 e1.s 2243/2 51.9 
0.000 es.2 2253/2 47.9 e5.2 2250/2 42el 

.938 B3e8 2262/2 35.3 84e5 2256/2 33.7 
1.958 74.0 2280/2 9.9 74.7 2273/2 9.9 
1.12s 74.0 2287/2 o.o 74.7 2280/2 o.o 
e.167 1s.s 2269/2 25.4 76.3 2271/2 12.1 
9.112 76.3 2259/2 39.S 76,3 2264/2 22.s 

10.021 75.S 2250/2 s2.o 1s.s 2258/2 30e9 
11.021 75.5 2242/2 63.2 11.0 22Sl/2 40.7 
12.042 75.5 2236/2 11.s 77.0 2246/2 47.7 
13,021 75,S 2228/2 82.6 11.0 2239/2 57.4 
l4e063 76.3 222112 92.2 77.0 2232/2 67.l 
2a.021 76.3 2176/2 153.6 76.3 2200/2 111,1 
56.021 77.0 2124/2 222,9 11,0 2160/2 165,2 
82.12s 75.S 2098/2 256.9 76,3 2140/2 19le8 
82.542 79.2 2112/2 238.6 eo.7 2141/2 190.5 
83.271 11.0 2114/2 236.0 11.0 2142/2 189.2 
B3.271 94.2 2116/2 233.4 95.0 2143/2 187,8 
89.917 147.5 2079/2 281,5 148.2 2084/2 265.2 

* SH~lNK~GE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 
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~HRINKAGE STRAIN AND TEMPERATURE DATA BEFORE LOADING 

SPECIMEN I•21 

TEST TEMPERATURE AT qo DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SH~ STRAIN* TEMP READ/DIV SHR STRAIN* 
(OllVS> <F> <FREQ) (MtC•UNITS) <F> (FREQ) (MIC•UNITS> 

0.000 o.o 2152/2 20,l o.o 2287/2 37.1 
0.000 81.5 2158/2 12,1 84.S 2292/2 30,0 

,938 80,0 2164/2 4,0 84,5 2310/2 4,3 
1,958 71.7 2183/2 -21,6 74,0 2326/2 •18,7 
3,208 74,7 2171/2 .5,4 77,0 2316/2 •4,J 
4,021 74,0 2171/2 .s.4 76,3 2316/2 •4,3 
s.021 72.5 2172/2 -6,7 77,0 2318/2 •7,2 
6,042 73,2 2170/2 -4,0 76,3 2316/2 •4,3 
7,125 74,0 2167/2 o.o 77,0 2313/2 0,0 

14,208 74,0 2157/2 13.4 77,7 2303/2 14,3 
2e.021 72,5 2156/2 14.7 76,l 2303/2 14,l 
56,021 73,2 2161/2 8, 1 76,3 2309/2 5,7 
82,542 73,2 2164/2 4,0 77,0 2'.U2/2 1,4 
82,542 89,0 2168/2 -1,3 92,7 2313/2 0,0 
89,917 143.8 2050/2 153.o 146,1 2221/2 129,3 

• SHRINK~GE STRAIN IS CALCULATED FRO~ STRAIN oase:RVEO AT 7 OAYS 

L 
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~HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN T•23 

TEST TEMPERATURE AT QO DAYS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV SH~ STRAI"I* TEMP READ/DIV SHR STRAIN• 
(O~YS) (F) (FREQ) (MIC-UNITS) (F) (FREQ) (MIC•UNITS> 

0.000 o.o 3970/4 42,2 o.o 2233/2 37,6 
0.000 73,2 3989/4 30,5 85,2 2238/2 30,7 

,938 73.2 2010/2 11,2 84,5 2258/2 2,8 
1,958 63.5 2040/2 •26,4 74,0 2275/2 •21,l 
3,208 68,0 2023/2 -5.o 78,5 2262/2 -2.a 
4,021 68,0 2023/2 .s.o 77,0 2264/2 •5,6 
s.021 65,7 2025/2 •7,S 11.0 2264/2 •5,6 
6,042 65,7 2020/2 •l,3 76,3 2262/2 •2,8 
7,125 66,5 2019/2 o.o 77,0 2260/2 0,0 

14.208 66,5 0/0 o.o 77,0 2248/2 16,8 
2a.021 65.7 0/0 o.o 77,0 2245/2 20,9 
56,021 65,7 0/0 o.o 77,0 2249/2 15,4 
89.917 48,5 0/0 o.o 59,7 2250/2 14,0 

• SHRINK~GE STRAIN IS CALCULATED FROM STRAIN 08SFRVEO AT 7 DAYS 
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~HAINKAGE STRAIN AND TEMPERATURE DATA BEFORE LOADING 

SPECIMEN T•27 

TEST TEMPERATURE AT 90 OAVS 75 F 
TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TEMP REAO/OIV SH~ STRAIN• TEMP READ/DIV SHR STRAIN• 
(OAVS) ( F) <FREQ) (MIC•UNtTS) < F > (FREQ) (MIC•UNITS) 

0,000 0,0 2280/2 2s.s 0,0 2286/2 •21,2 
0,000 84,5 2286/2 17,1 84,S 2289/2 •25,4 

,938 83,0 2300/2 .. 2.9 83,8 2302/2 •43,9 
1,958 03.0 2~00/2 -2,9 83,0 2290/2 •26,9 
3,208 78.5 2~02/2 .. s,7 11.1 2283/2 •16,9 
4,021 77,7 2~02/2 .S,7 77,0 2280/2 -12,7 
5,021 75,5 2~01/2 .4,3 76,3 2278/2 .9,9 
6,042 76,3 2300/2 •2,9 75,5 2274/2 •4,2 
1.12s 76,3 2298/2 0,0 76,3 2271/2 o,o 

14,208 77,7 2288/2 14,2 77,7 2250/2 29,4 
28,021 76.3 2285/2 18,5 76,3 2242/2 40,6 
56,021 76,3 2290/2 11,4 76,3 2238/2 46,1 
82,542 78,5 2290/2 11,4 77,7 2232/2 54,4 
82,542 94,2 2290/2 11,4 93,S 2234/2 51,7 
89,917 147.S 2i93/2 146.2 146,7 2128/2 195,0 

* SHAI~K~GE STRAIN IS CALCULATED FROM STRAIN OBSt=::RVEO AT 7 DAYS 
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~HRINKAGE STRAIN ANO TEMPERATURE DATA BEFORE LOADING 

SPECIMEN T•30 

TEST TEMPERATURE AT QO DAYS 75 F' 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP ~EAO/oIV SHR STRAIN* TEMP REAOIOIV SHR STRAIN* 
<DAYS) <F> (FREQ) (MIC•UNITS) <F> (FREQ> (MlC•UNITS> 

0.000 o.o 2120/2 67.8 0,0 2121/2 58,5 
0.000 es.2 2128/2 57.3 B5,2 2126/2 51,9 

.938 84,S 2140/2 41.4 83.8 2147/2 24,l 
1.958 74.7 2163/2 10,7 74,7 2159/2 8,0 
7,125 74.7 2171/~ 0,0 74,7 2165/2 0,0 
811179 11.0 2141/2 40,1 11.0 2J59/2 8,0 
9.112 76.3 2131/2 53,3 77,0 2151/2 18.7 

10.021 76.3 2121/2 66,5 76.3 2144/2 28,1 
11.021 77,0 2113/2 77,0 77.0 2136/2 38,7 
12,042 11.0 2105/2 87.S 75,S 2129/2 47,9 
13,021 77,0 2099/2 95,3 76;3 212212 57,1 
14,063 77,0 2090/2 1n1.o 11;0 2117/2 63,7 
28,021 11.0 2040/2 171,0 11,0 2082/2 109,3 
56,021 11.1 3970/4 239.6 77,7 2037/2 166,7 
89.917 59.7 3892/4 287.2 62.0 2000/2 213,0 

* SHRI~K~GE STRAIN IS CALCULATED FROM STRAIN OBSERVED AT 7 DAYS 
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~HP.INKAGE ST~AlN ANO TEMPERATURE DATA BEFORE LOADING 

SPECI~EN T•39 

TEST TEMPERATURE AT 90 DAYS 75 F 
TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP REA0ID1V SHR STRAIN• TEMP READ/DIV SHR STRAIN* 
(DAYS) ( F > (FREQ) (MTC•UNITSl < F > (FREQ) (MIC•UNITS> 

0.000 o.o 2129/2 66.8 o.o 2130/2 66.8 
0.000 A5.2 2136/2 57.S 83.8 2135/2 60e2 

,938 A0.7 2158/2 2e.2 a 1.s 2153/2 36•3 
1.958 74.7 2169/2 13.S 12.s 2168/2 16.2 
7,125 74,7 2179/2 o.o 74.0 2180/2 o.o 
8,179 75,5 2169/2 13.s 74,7 2174/2 s.1 
9.112 76.3 2162/2 22.9 74,1 2170/2 13.S 

10,021 75.S 2156/2 30,9 75,S 2166/2 18.9 
11.021 75.5 2150/2 38.9 75.S 2161/2 25,6 
12.042 75,5 2141/2 50,9 74,0 2154/2 J4,9 
13,021 75.S 2133/2 61.5 74.7 2146/2 45,6 
14,063 75,5 2128/2 68,1 75.S 2140/2 53.6 
2e.021 76,3 2080/2 130,7 76.3 2105/2 99,6 
56,021 76,3 202112 205,7 76.l 2061/2 156.5 
89,917 59,7 3963/4 254,7 se.2 2024/2 203.3 

• SHRINKAGE STRAIN IS CALCULATED FRO~ STRAIN 0BSF,RVED AT 7 DAYS 
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TOTAL STRAIN AND CREEP STRAIN DATA 
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STRAIN ANO TF~PERATlJRE DATA AFTER LO~C J1q: 

SPECI~Et- A-8 

AX I Al STRESS -o PSI AXIAL ELASTIC ST!:Atll -o.o MICl<O-UNIH 
!<AD1AL STRESS -o PSI RADIAi. ELASTIC S'TAAIII -o.o MICF<O-UNll< 
TEST TF"PEflATURE 75 F TEST MOISTURE AS CAST 

AXIAL GAGE RAn I Al .. f-At;E 

TIME TE~P REAOIDTV TOT STRAJN CREEP* TEMP REAr/rlV TOT STRAlll CREEP* 

<DAYS> (Fl (FREQl (MlC•UNtlSl (MIC•LII JTc;l (Fl (FI.FGl (MlC•UNJTSl ("IC•lNITSl 

0.000 68.P 2115/2 o.o o.o 74.o 2]C::!'/2 o.o c.o 
0.000 68 0 P 2115/2 o.o o.o 13.2 21«;5/2 o.o r.o 
1.211 Ml.O 2115/2 o.o o.o 73.2 21c:sn o.o c.o 
1.179 68.e 2116/2 -1.3 o.o 11.2 2JC:6/2 -1.4 c.o 
3.000 l'-A .8 2116/? -1.3 o.o 74. o 21C:!'/2 o.o c.o 
3.862 (:fl. 0 2118/2 -3.9 o.o 12.s 21C:7/2 -2.1 ('. 0 
s.292 f:-8. (I 2)18/? -3,9 o.o 12.s 2]C:f'/2 -4 .1 c.o 
5.a1s 67.2 21 }7 /2 -2.6 o.o 7? 05 2Jc;P/2 -4.l ~.o 
6.500 (,7. 2 2118/2 -3.9 (). 0 7?.S 21cPn -4.l c.o 

13,854 6P 0 8 2117/2 -2.6 o.o 7 '3 • 2 21C:7/2 -2.7 r.o 
20.729 f:. 7 • 2 2} 18/? -3.9 0. (I 1;.s 21 CQ/2 -5.4 (1. 0 
27.917 66 .s 2120/2 -6,6 o.o 11.0 22f 012 -r,.8 C•O 
55 0 792 69 0 5 2121/? -7,9 o.o 74.0 21C:6/2 -1,4 r. o 
83. 721 47.o 2115/2 o.o o.o 74.o 2JC:6/2 -1.4 c.o 

111.121 f-9 0 5 2112/? 3,9 o.o 74.0 21C:4/2 1 • 4 ('. 0 
139.72) hA 0 P 2113/2 2,6 o.o 73.2 21cc;n o.o r.o 
167.729 "e .a 21121? 3.9 o.o 71.2 21c;412 1,4 ~.o 
195.792 1,e.o 2112/2 3.9 o.o 7?.S 2JC4/i? 1.4 c.o 
224.000 1',8 • 0 2108/2 9.2 o.o 1;.s 21CJ /2 5.4 r.o 
2s2.ooo nA .P 2106/2 11.a o.o 74.n 21c: 0/2 6 .a (l .o 
2AO.OOO hA • O 2102/2 17,0 o.o 72.5 21Pf/2 12.2 c.o 
308.000 (:,9 .s 2101/2 18.3 o.n 74.n 21P5/2 13.6 ('. 0 
336.000 69.5 2100/i.' \9,6 o.o 74.7 21 ~'.!/2 16.3 r. o 

•364.000 71 • 0 2098/2 22.2 o.o 71'>. 3 21 S:] /2 19.0 C • 0 
364.o<io 71.0 2ii9A/;:, 22•2 o.o 71'!. 3 2]" ti? lq•O C•O 
3650000 71.0 2ii9012 z2.2 o.o 76. 3 ?11:112 19.0 o.o 
366.00C 71. 0 2~98/2 22.2 o.o 76.3 21 Pl/2 19,0 r.o 
367.000 71 • 0 2098/2 22.2 c.o 76 • 3 Zti:l/2 19.0 c.o 
368.000 71.0 2(198/2 22.2 o.o 7(,.3 21~1/? 19.0 n.o 
369.0(IO 71. 0 2(198/2 22.2 o.o 76.3 ZlPl/? 19.0 C • 0 
370.000 11.0 2r9B/? 22.2 o.o 71\. 3 21 i: 112 19.0 r.o 
371. 000 70.2 2ii98/2 22.2 o.o 71;. c; 2li:l/? 19.0 ('. 0 
378,00() 70.2 2n98/2 22.2 o.o 75 .i:; 21 IO] /2 19.0 11.0 
3R5.ouo E-9.5 2097 /? ;,3 0 5 o.o 74.o 21S:O/? 20.3 11 • 0 
3q2.ooo 69.5 20%/2 ?4.8 o.o 74, n. 2179/2 21.7 f1. 0 
420.000 t,P.P 2n9S/? ;:,6.1 o.o 73.2 217Cl/2 21.7 11 • 0 
448.000 M'.O 2r95/2 ?6.J. o.o 74 0 11 21:;c;n 21.7 c.o 

* CREEP STR11II\ = TOTAL STRAJN • ELASTIC STRA T 11' - AVERAGE SHl:1 Hd< IH? E c:;Tl<AIN AT Tl'-'E 



TIME 
(DAYS) 

0.000 
0.000 

.12s 
1.292 
1.792 
3.ooi:i 
3oA75 
5.300 
5.a1s 
7.013 

13.917 
20.792 
?7.846 
55.763 
83.742 

111. 74? 
139.742 
167.737 
195.804 
224.100 
2s2.ooo 
2Ro.ooo 
308.000 
336.000 

•364.ooo 
364.000 
365.000 
366.000 
367.ooo 
368.000 
369 0 000 
370.000 
371.000 
378 0 000 
3As.ooo 
392.000 
420.000 
448.00o 

IIXIAL STf<ESS 
~ADIAL STRESS 
TEST TEMPEf<ATURE 
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STRIIN ANO TF~PERATLRE DATA AFTER LO~nr"'E 

SPECl~EN A•22 

•O PSI 
•O PSI 

150 F 

AXIIIL ELASTIC ST~Al"' 
RADIAL ELASTIC STAil" 
TEST MOISTURE 

AX JAL GAGE RADIAi GAGE 

•OoO MICRO•UNITS 
•OoO MlCRO•UNl15 

AS CAST 

TE~P REAOIDIV TOT STRAIN CREEP* TEMP REAr./CIV TOT STRAI"' C~EEP* 
(F) (FREQ) (MIC•UNITS> (MlC•Ur.ITS) 

145.2 
l4S.2 
145.? 
144.S 
146.o 
145.2 
146.7 
146.o 
146.0 
146.0 
145.2 
146.0 
146.o 
146.o 
146.0 
143.8 
143.0 
143.o 
142.2 
142.2 
140.7 
142.2 
141.S 
142.2 
143.8 
143.8 
143.8 
143.8 
143 0 8 
143.e 
143 0 8 
143.B 
143.o 
143.o 
141 0 5 
143.o 
140o7 
142.2 

2054/2 
2055/2 
2055/2 
2056/2 
2056/2 
205712 
21158/2 
2(159/2 
2060/i' 
2060/2 
21168/2 
2066/2 
2068/2 
2071/2 
2071/2 
2078/2 
2073/? 
2070/2 
2068/? 
2067/2 
2ii69/2 
2n64/:? 
2064/2 
2062/2 
2060/2 
2060/:? 
2n60/2 
21)60/2 
2060/2 
2060/2 
2060/2 
2060/2 
2060/2 
2060/2 
206012 
2~59/? 
2056/2 
2i,54/2 

o.o 
.1.3 
.1.3 
.f.s 
.2.5 
.3.e 
-s.1 
-6.4 
.1.1 
.1.1 

-17.9 
-15.3 
•17.9 
-21.1 
-21.1 
•30.7 
-24.3 
-20.s 
•j7o9 
•!606 
-19.2 
•12.8 
-12.e 
-10.2 
-7.7 
.. 1.1 
.7.7 
-7.7 
.1.1 
.1.1 
.1.1 
.1.1 
.1.1 
.1.1 
.1.1 
-6.4 
.2.s 

o.o 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

IF) (Fi;F.CI CMIC•UNI1S) (tdC•LNITS) 

144.S 
144,5 
144 0 5 
14 3,8 
14&;.2 
145.2 
146.o 
145.2 
145.2 
145.2 
144.!5 
14~. I) 
145,2 
14"i.2 
145,2 
143,8 
143,0 
143,0 
14~.o 
142,2 
141,"i 
143, O 
141,5 
1'13.B 
144.5 
144,5 
144 ,r:; 
144.S 
144.Cj 
144 0 5 
14~.'5 
144,5 
143 .e 
143 .Fl 
141,c; 
143.e 
14 o. 7 
142,2 

20~212 
20,r.2/2 
20,.?/2 
20,r.~12 
2i\,r.3/2 
2o,r.S/2 
20,r.6/2 
2011'@/2 
20,r.912 
2070/2 
207EI/? 
207P/2 
20P}/;:i 
20PS1,1 
20Pfl/i' 
2MCj/2 
21\C::l/2 
20H!/2 
2oH/2 
20p'5/2 
20F7/i' 
20F?/2 
20lli'/2 
201=0/2 
2!'F0/2 
20F O /2 
201=1)/2 
201'0/;:i 
20PCJ/'2 
20F0/2 
20110/2 
20P0/2 
20'79/2 
20'?Cl/2 
2(1'1Cl/2 
20'7 7 /2 
2!177/2 
2073/2 

o.o 
o.o 
o.o 

•1.3 
-1.3 
.3.B 
•5.1 
-1.1 
•9,0 

-10.2 
-20.5 
-20.5 
•24o4 
•29.6 
•33.4 
-4?,5 
-37.3 
•33.4 
•3o.9 
•29,6 
•32.2 
•25.7 
•25.7 
•23,l 
•23.l 
•23.1 
•23.1 
•23.1 
-23.1 
•23.1 
-23.l 
•23.1 
-21.a 
-21.e 
-21.a 
•19,2 
-19.2 
•14.l 

O•O 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
c. 0 
o.o 
O•O 
o.o 
(l, 0 
o.o 
o.o 
O•O 
O•O 
o. 0 
o.o 
O•O 
(lo 0 
o.o 
o,O 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
c.o 
C•O 
o.o 

* CREEP SlAAI"' = TOTAL STRAJN .. ELASTIC STRAIN• AVERAGE SHRl"'~OEE STRAIN Al TI~E 



TIME 
(DAYS) 

OoOOO 
0.000 

.12s 
lo271 
lo792 
3.ooP. 
3.867 
s.292 
s.s33 
70013 

13.917 
20.792 
27.833 
sso7so 
83.729 

111. 729 
139.U9 
1670733 
1950791': 
224.300 
2s2.ouo 
2RO.OOO 
308.000 
336.ooo 

•364.000 
364,000 
365,000 
3660000 
367.000 
368,0UO 
369.oi>o 
370,000 
371,000 
378.000 
3A5.ooo 
392,000 
420.000 
448.000 

AX lAL STRESS 
l<AOIAL STRESS 
TEST TE~PERATURE 

349 

STRAIN ANO TF~PERATLRE DATA AFTER LO~rI~~ 

SPEClll'E~ A•32 

•O PSI 
•O PSI 

150 F 

AXIAL ELA~TlC STAAi~ 
RAOIAL ELASTIC STAAi~ 
TEST M0ISTllRE 

AlC I AL GAGE 

•OoO MICRO•UNITS 
•O,O MICRO•UN11S 

AIR Ol<'Y 

TE~P READ/DIV TOT STRAIN CREEP* TEMP REAr1r1v TOT STRAl~ CREEP• 
(F) (FREQ.) (MIC•UNJTS) (MlC•L11,JTc;l (Fl (FAFC:l (MIC•UNJTS) <~tC•LNTTSl 

137.7 
137,7 
137,7 
135.S 
138.S 
138,S 
131'1.5 
l3R,S 
138 .s 
1:rnos 
136.2 
137,7 
137.7 
137.o 
137 o 7 
135,5 
135.S 
1~4.7 
134.7 
134.7 
133.2 
135,!5 
134.7 
134.7 
13700 
13700 
136,2 
D6.2 
137.0 
135.5 
13602 
136,2 
135.S 
135.s 
133.2 
134.o 
132.s 
133.2 

3Rl6/4 
3Rl6/4 
3Rl7i4 
JA34/4 
3R21/4 
3R26/4 
JA28/4 
3R30/4 
3836/4 
3A36/4 
3AS8/4 
3A61/4 
3R65/4 
3A73/4 
3873/4 
3R80/4 
31'168/4 
3A54/4 
3839/4 
3R20/4 

0/0 
010 
0/0 
0/0 
O/ii 
0/0 
0/0 
0/0 
01n 
0/0 
o,;; 
010 
Olii 
0/0 
010 
OIO 
010 
o,;; 

0,0 
o.o 
-.6 

•10o7 
•3o0 
-5,9 
-1.1 
-8,3 

-ll o9 
•11,9 
-2s,o 
•26,8 
-29,2 
-3400 
•34,o 
-38,2 
-31,0 
-22.ei 
-13.6 
-2.4 
o.o 
0,() 
o.o 
o.o 
o.o 
0,0 
o.o 
o ,n 
o.o o.o 
o.o 
o,n 
o.o 
o.o 
O,O 
o.o 
o.o 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
OoO 
o.o 
OoO 
o.o 
o.o 
o.o 
OoO 
OoO 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

147 .i:; 
147.c; 
l47os 
146.7 
147.5 
11i1.c; 
l4A,2 
147,!'i 
l47os 
l4R.2 
146,7 
1•1.s 
146.7 
14 7 .c:; 
146.7 
145.2 
146.n 
144.S 
l4f, • I) 
144 0 5 
143,0 
144.5 
143 0 A 
144.5 
147.s 
147.5 
146,n 
14,,.o 
141',. 7 
1450:? 
l4Fi 0 0 
l47o"i 
l4A,? 
l4R.2. 
14405 
14"i.? 
14 3 oA 
144 .'5 

39)1/4 
3Q1l/4 
39;114 
3<:>~l/4 
3<:114/4 
3Qif/4 
3<:>t7/4 
3Q1914 
39~}/4 
3e;:014 
3Q~4/4 
J0~0/4 
30~A/4 
3Q~9/4 
30~7/4 
3Q-i4/4 
JQ;:7/4 
3Q~3/4 
3t:i17/4 
3t:iiS14 
JQl~/4 
3'1C?/4 
39r114 
JPc;j)/4 
3FIF7/lt 
3RF7/4 
3AFt,/4 
3PFl':/4 
3AF~/4 
3AP4/4 
3AP4/4 
3AFYli 
3APV4 
3An/4 
3AF'1/4 
3A'79/4 
3P7"/4 
3Rl'e/4 

OoO 
o.o 
o.o 

-6.1 
-1.a 
•3,0 
-3,6 
-4.9 
•6ol 
-s.s 

-14.0 
•1105 
•10o3 
-10.9 

-9o7 
-14.o 
.9.7 
•7o3 
•306 
•?o4 
-3.0 
5.4 
601 

11 os 
14 0 5 
14.s 
1 '5 o l 
1So7 
1so1 
16.3 
16.3 
16,9 
l !\ .9 
l7oS 
ll,o9 
l9o3 
21.1 
2So9 

CoO 
o.o 
OoO 
c.o 
OoO 
r. .o 
OoO 
ll o 0 
". 0 
CoO 
ll oO 
n.o 
CoO 
c. 0 
OoO 
CoO 
(lo 0 
r. 0 0 
OoO 
OoO 
OoO 
(1. 0 
c.o 
c.o 
r. 0 0 
(1 o 0 
c.o 
OoO 
OoO 
(). 0 
c .o 
o.o 
O o 0 
OoO 
o.o 
OoO 
c.o 
o.o 

* CREEP STRAI~ • TOTAL STRATN • ELASTIC STRPIN • AVERAGE SHRT~K-~E STRAIN Al TI~E 



350 

STRAIN AND Tfi~PERATIJRE DATA AFTER Ln~rlfl.G 

SPECIJo1E11i A-35 

AXIAL STPESS -o PSI AXIAL ELASTIC ST~Aifl. .47,9 MJCRO•UNI1S 
RADIAL STRESS 600 PSI RADIAL ELASTIC STRAifl. 70,6 MICR0•UNl1S 
TEST TE~PERATURE 150 F TEST MOISTURE AS CAST 

AXIAL GAGE RADIAi GAGE 

TIME TE"P REIID/DJV TOT STRAIN CREEP• TEMP REAr.lCJII TOT STRAII\ CPEEP• 
(DAYS) (Fl <FREQi (MIC•UNITSI OHC•I.NITSI (Fl ·1FJ:EQ1 (MlC•UNITSl (tllC•LNITSI 

0,000 142,2 3975/4 0,0 o.o 146,0 2o~e12 o.o o,O 
0,000 142,2 4652/4 •47,9 -.o 146,0 3Cliil/4 7o,6 •O 

,125 140,7 202an •50,4 -1.2 146,0 3M!!/4 74,2 4,6 
.2so 143,0 2026/2 •47,9 1.3 146,7 38@5/4 80.2 10.2 
.375 143,0 2026/2 •47,9 ,6 146,7 3AP0/4 83,2 1,3 • 3 

1.0~0 143,0 2nJ112 -54,2 -s.2 146,7 3Fl7@/4 84,4 u.J 
1,792 144,S 2031/? -54,2 •,3 10.2 381'5/4 92,2 2e,6 
2,850 145,2 2ii34/2 -5B,o -3,6 14A,2 3PE7/4 94,0 ·2c; ,8 
3,8?5 144,5 2036/2 -60.5 •4,7 14A,2 3Pfl O /4 95,2 :32 ,B 
5,292 144,5 2037/2 -61,8 .4,8 14A,l' 3Pl'2/4 94,0 ,33, 1 
5,875 144,5 2040/2 -65,5 -e,o 148,2 3Pl'!/4 93,4 .JJ,9 
7,000 145,2 204112 .66,8 -4,6 149,0 381'()/4 95,2 .::e ,8 

13,A54 143,8 2ij5112 .,79,5 •12,8 148,2 3Pt,J/4 93,4 ·40, 7 
21.167 144,5 2055/2 .84,6 .16,9 149,0 3A•4/4 98 0 8 4,c; .1 
21.~33 143,8 206012 .. 91,0 -20,6 148,2 JP.•J/4 99,4 ,SJ ,3 
55,750 144,5 2n1012 •103,8 -20,3 14CI, 0 3PA!/4 102,4 .ftj ,9 
83,742 144,5 2ii76/2 -111.s •30,2 148,2 JP.45/4 10402 10,9 

111°742 143•0 2087/2 ·125•7 •43,e 147,S 38!J/4 99,4 ~P•l 
139,742 142,2 2089/2 •128,3 •48,0 146,0 3i:149/4 101,8 n,4 
167,700 142.2 2i,88n, -127,ij -46,8 146,7 JB4P/4 102.4 7.!: • 2 
195,800 141.5 2ii85/2 •123,1 -42.5 146,0 3116 8/4 102.4 7,!: .e 
224.300 140,7 2n8212 -ll9,2 •38,8 14!5.2 31'69/4 101.e 77.6 
252,000 140,7 2074/2 •108,9 •32,0 145,i.' 3P•214 100.0 ·7:3 ·" 
280,000 142.2 0/0 o.o 0,0 14!5.2 31!66/4 103.6 74, 7 
308,000 141.5 0/0 o.o o.o 144.5 3FUl(!/4 101.2 71,0 
336.000 141 0 5 O/ij o.o 0,0 14!i,i.' 3PAl!/4 102.4 71,2 

•364,000 144,5 0/0 O,o o.o 147.5 3P65/4 104.2 f9,8 
364.000 144.5 0/0 0,0 o.o 147,!l 3qi:~/4 38,9 .4 .s 
364,125 144,5 0/0 o.o 0,0 147,ll!i 39.i!/4 38,9 4,5 
364,250 144,5 010 o.o o.o 147.5 39!3/4 38,9 4 .s 
364;500 144.5 0/0 o.o o.o 147 ,s 3o•J/4 38.9 .4 ,5 
365,000 149.0 0/o o,o o.o 147 .s 39•3/4 38.9 4 ,2 
366,000 146,o 010 OoO o.o 146,0 30.•414 38,3 ::! ,6 
367,000 142,2 0/0 o.o o.o l4t,,O 3oii3/4 38.9 4.2 
368.000 143,0 0/0 o.o o.o 146.7 39~4/4 38,3 ::! ,6 
369 0 000 141.s 0/0 0,0 0,0 146,0 30•4/4 38,3 3.6 
370,000 142,2 0/0 o.o o.o 146,0 3qi:514 37.7 2,3 
371.ooo 141,5 0/0 o,o o,o 145.2 39&:5/4 37.7 , • 7 
378,000 142,2 0/0 o.o o,o 146,0 391'0/4 34,6 ·•. 7 
385,000 140,7 010 o,o o.o 145.2 3q11.314 J2 0s •3,6 
392.000 140,7 O/ij o.o 0,0 144,5 30~4/4 32.2 -!: ,5 
420,000 140 .o 0/0 o,o o.o 143,e 31?7414 26,0 •10,l 
448,000 140.7 0/0 0,0 o.o 144,5 30'l£!/4 11.2 -2.e ,6 

• CREEP SlRAI" s TOTAL STRAIN • ELASTIC STRAIN- • AIIERAGE SHRTI\I< A(;E STRAIN IIT TI111E 
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STRAIN ANO TF'IIPERATLRE DATA AFTER LOoCit>.G 

.SPECIIIEI\' A•38 

AXIAL STRESS -o PSI AXIAL ELASTIC ST~Alt>. -o.o MJCRO•UNITS 
RADIAL STRESS • -o PSI RADIAL ELASTIC STRAit>. •O•O MICl<O-UNIH 
TEST TFIIPEl<ATURE 75 F TEST MOISTURE AIR ORY 

AXIAL GAGE RAO I AL UGE 

TIME TEIIP READ/DIV TOT STRAIN CREEP* TFMP REAC/CTV TOT STRAIPI CFEEP* 
(DAYSI (Fl (FREQ) IMIC•UNtTSl (MlC•lJNJT!;) (Fl IFi:EOI IMIC•UNITSl C!IIC•LNITSI 

0.000 73.2 3996/4 o.o o.o 71.7 2033/2 o.o O•O 
0.000 73.2 3996/4 o.o o.o 72.S 20:!3/2 o.o c.o 
1.211 12.s 3998/4 .1.2 o.o 71. 7 20'.!3/il o.o 0. Q 

1.792 12.5 3999/4 -1.9 o.o 11.1 2033/2 o.o (). 0 
3o0}3 12.5 2000/2 -2.s o.o 7i.7 2032/2 1.3 O•O 
3.875 72o!'i 200212 •5oQ o.o 7j.7 20:S'.!/2 Q•O O • 0 
s.292 72.5 2003/2 .6.2 o.o 71.7 203212 1.3 o.o 
5 0 875 72,5 2004/2 .7.4 o.o 7j.7 2033/2 o.o o.o 
7 .ooe 11.1 2iio512 .a.1 o.o 71.o 203'.'!/2 o.o o.o 

13.917 71. 7 2006/2 .9.9 o.o 11.0 20:! 0/2 3.8 o.o 
20.s12 12.s 2010/? -14.9 o.o 10.2 202e12 6.3 o .o 
27.833 71. 7 2014/2 -19.9 o.o 69.5 202@/2 6.3 o.o 
55 0 7so 12.s 2615/2 -21.1 o,o 12.!'i 2020/2 16,3 o.o 
83.729 73.2 2020/2 -27.4 o.o 7\,7 2020/2 H,,3 0 • 0 

111.129 74.0 2020/2 -27.4 o.o 73.2 2020/2 16.3 o. 0 
139.729 73.2 202612 .34.9 o.o 7J.O 20?2/2 13,8 o.o 
1670762 73.2 2Q27/2 •36.2 0 ,o 11.1 2023/2 12.6 C•O 
195.783 12.s 2030/2 •40oO o.o 11.0 20,412 11.3 (). 0 
224.292 12.5 2031/2 •41.2 o.o 7i,o 2025/2 10,1 o.o 
2s2.ooo 74.o 2ii30/2 •40o0 o.o 12.s 202!5/2 10.1 C • 0 
280.000 72.5 2029/2 •38.7 o.o 71. 7 2024/i? 11.3 O•O 
3oe.ooo 72.5 2030/2 •40.0 o.o 71. 7 2025/2 10.1 o.o 
336.000 12.s 2ii30/? •40.i) o.o 7i. 7 2o;s12 10.1 o.o 

•364.000 85.2 2030/2 •40.0 o.o 84.s 202S/2 10.1 o.o 
364.000 es.2 2030/2 •40oO o.o 84.S 20?!5/?. 10.1 o.o 
365.000 75.5 2030/? •40oQ o.o 73.2 20;?S/2 10.1 o.o 
366,000 75.s 2(\30/2 •40,o o.o 73.2 202512 10.1 o. 0 
367.000 76.3 2031/2 •4lo2 o.o 74.() 2026/2 0.e 0•0 
368.000 74.7 2031/2 -41.2 o.o 74.7 2026/2 s.0 o. 0 
369.000 1s.s 2030/? •40oO o.o 1,.0 2025/2 10.1 o.o 
370.000 75 0 5 2031/2 •41.2 o.o 74.7 202612 a.a o.o 
371.000 74.7 2031/2 •4le2 o.o 7~.o 20:1612 R.8 o.o 
378.000 76.3 2/)31/2 •41.2 o.o 74.7 2026/2 0.a o.o 
3ss.ooo 74.0 2031/2 •41.2 o.o 12.s 2026/2 a.a o.o 
392.000 74.o 2030/2 -40.0 o.o 12.s 2025/2 10.1 o.o 
420.000 73.2 2030/2 •40oQ o.o 71.7. 20:15/2 10.1 o.o 
448.000 74.0 2634/2 .4s.o o.o 7i?.s 2029/2 s.o o.o 

* CREEP STRAit. • TOTAL STRAlN • ELASTIC STRAIN• AVERAGE !;HRTPll<M:E STRAIN Al T hE 



TIME 
(DAYSI 

0.000 
0.000 

.125 

.2so 

.soc 
1.000 
2.063 
3ol67 
4.179 
s.ooo 
6.083 
1.o?ti 

13.992 
21.917 
280042 
56.000 
84.000 

112.000 
140.000 
H,8.000 
196.ooo 
224.0110 
2s2.00o 
2ao.ooo 
308.000 
336.000 

•364.oOo 
364.000 
364.125 
364.250 
364.SOQ 
365.000 
3660000 
367.000 
368.000 
369.000 
370.000 
371.ooo 
378.000 
385.000 
392.00Q 
420.000 
448.000 
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STRAIN AND TF~PERAT~RE DATA AFTER LO~Ol~G 

AXIAL STPESS 
PADIAL STPESS 
TEST TE~PERATURE 

AXIAL GAGE 

600 PSI 
•O PSI 

150 F 

:SPECI.,Elli B•l 

AXIAL ELASTIC STPAI~ 
RADIAL ELASTIC STRAI~ 
TEST MOISTURE 

RADIAL GA<lE 

102,2 MICRO•UNllS 
-as.4 MICRO•UNll! 

UR OR~ 

TE.,P READ/DIV TOT STRAIN CREEP* lEMP REAC/OlV TOT STRAl~ CREEP* 
IF) !FREQ.) IMIC•UNITSI (MIC•~lliITSI 

1s2.o 
152.0 
1s2.o 
l"i2.0 
l"i2 • 0 
1s2.o 
1s2.1 
1s1.2 
151.2 
1s1.2 
1s2.o 
1so.!S 
1s2.o 
150,5 
1s2.1 
1so.s 
148,2 
149,0 
149.o 
149,0 
146,7 
147.5 
148,2 
145,2 
147.5 
149,0 
l4Ro2 
148,2 
148,2 
149,0 
149,0 
148,2 
148,2 
148.2 
148,2 
148,2 
148.2 
149,0 
147.5 
148.2 
147.s 
147,S 
147,5 

3747/4 
3"i66/4 
3544/4 
3c;4214 
3538/4 
3534/4 
3520/4 
3520/4 
3519/4 
3517/4 
3514/4 
3514/4 
3506/4 
3506/4 
3492/4 
3496/4 
3506/4 
3500/4 
3491/4 
3495/4 
3496/4 
349214 
3480/4 
3510/4 
3486/4 
3478/l 
3478/l 
3651/'. 
3656/4 
3f.56/4 
3655/4 
3657/4 
3l-58/4 
3660/4 
3,-6Q/4 
3660/4 
3661/4 
3663/4 
3"'70/4 
3667/4 
3672/4 
3675/4 
3677/4 

0,0 
102.6 
114.7 
115,8 
us.a 
120.2 
121.e 
l?.708 
128,4 
l?.9,S 
131.1 
13lol 
13505 
13s.s 
143, l 
140.9 
13s.s 
138, 7 
143,6 
141,4 
140.9 
143.l 
149 0 5 
133,3 
146,3 
150.6 
150.6 
55,0 
'52,2 
s2.2 
52,8 
51.6 
'51. l 
49,9 
49,9 
49.9 
49,4 
48.2 
44.3 
4&.o 
43,1 
41.4 
40,3 

o.o 
.3 

13.4 
14,5 
16,1 
20.2 
32.4 
33.S 
:37 .s 
40,7 
43.5 
46,6 
60.9 
66,5 
11.2 
91,4 
94,4 
96,8 

104,3 
104,1 
106.2 
101.3 
116.1 
96,6 

110 .1 
114.9 
114.2 
1€,6 
15, 8 
15,R 
16.4 
1-5 .o 
14,2 
13, 0 
13.o 
13,0 
12.5 
ll oB 
e.1 
c; ,3 
.5 6 
3:2 
5,9 

CFI (FREOI (MlC•UNITSI f~IC•LNITSI 

147,5 
147.!'i 
147.s 
147,5 
147,, 
147 .s 
148.2 
l47o!!i 
147,5 
147,!'i 
147,5 
l4f, • ., 
147.S 
147,S 
149,0 
146,7 
143.0 
146,0 
146, O 
146,0 
143,8 
143 0 8 
145,2 
140,7 
143.0 
144,!'i 
144,5 
144 ,i; 
144.!I 
145.2 
14"i,2 
141l,2 
143.R 
143 0 P 
143,8 
14::1.f! 
143,8 
14c;.2 
143,P 
144,S 
143,R 
143.0 
143, 0 

37\0/4 
37!4/.4 
37.tiS/4 
37•614 
37!1e/4 
371'3/4 
3U314 
37'70/4 
377514 
37'76/4 
3ne14 
37(14/4 
37fl0/.4 
3'!'96/4 
3191/4 
38r!S/4 
3pii414 
38j9/4 
3114014 
384 214 
3P46/4 
3PCC)/4 
3P•Ol4 
3RHl/4 
3P•3/4 
3R46/4 
3A46/4 
3P\l/4 
3Ai214 
3Ai 2/4 
3PiU4 
3P11/4 
3P11/4 
JAjl/4 
3A10/4 
3Rt0/4 
3AfCJ/4 
3AiJl4 
JAj 'U4 
Jf!rf!/4 
3Rr,CJ/4 
3Pr2/4 
3Arn/4 

o.o 
·•25.5 
·•26,0 
·•26.6 
•27.B 
·•30, 7 
•30,7 
·•3408 
•37.7 
•38,3 
•39,5 
•43,0 
·•46,5 
•So.a 
•So.6 
·•55.3 
·•84.4 
·•75.5 
.u,.1 
•77,3 
--79.6 
·•82.0 
-02.0 
•92,8 
.• e3.e 
•79.6 
•79.6 
•58,9 
•59 0 5 
•59.S 
-59 0 5 
.!5R 0 9 
.5a,9 
•58,9 
•SR,3 
-58,3 
•57.7 
•58,9 
•59,S 
-ss.9 
-57,7 
•S3,6 
•5?..4 

o,o 
·• .o 
·• .6 
·• o9 

-2,3 
•4,5 
.. 1.1 
... 5 ,5 
•E, 0 
•!: .e 
•f! ,4 
... 7,8 
•Eol 
•7,9 
•7,3 

,4 
•11!,6 
•l:!oS 
•11,S 

"'9 ,6 
.• c;.o 
.. c; ,3 
.4,6 

·14,3 
•f! ,5 
·•1,0 

.o 
2C,B 
20,2 
20,2 
·20 .2 
2C,6 
20,6 
2C,6 
2],2 
21.0 
21,8 
;: 1 • 2 
21 , 6 
24 ,6 
·23 ,4 
n,s 
3:! .s 

* CREEP STRAIN• TOTAL STRAIN• ELASTIC STRAIN• AVERAGE SHRT~~AfE STRAIN Al TI.,E 
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STRAIN ANO TEl<'PEFlllTI.JAE DATA AFTEA LOACH,G 

SPEClt-!EN B.4 

AXIAL STAESS 600 F>SI AXIAL ELASTIC STAAi~ 94o4 MICRO•UNITS 
AADIAL STRESS -o F>SI RADIAL ELASTIC STRIIII' •22•2 MICRO-UNITS 
TEST TEMPERATURE 150 F TEST MOISTURE AS CAST 

IIXIAL GAGE RAO I At G ic; E 

TIME TEl"F> READIOTV TOT STRAIN CREEP* TEMP REAr'./CJ\I TOT STRAI~ Cl<EEP* 
(DAYS) (Fl (FREQ) (MIC-UNITS> (MIC•I.Jl'ITS> (F) (FAFQ> (MIC•UNITS) (MIC.,LNITS l 

0.000 1'•9.0 3797/4 o.o o.o l5s.o 39~4/4 o.o OoO 
0.000 149.o 3633/4 94.4 -.o 154.2 2oi,012 -22.2 ·-. 0 

.125 149.0 3624/4 99.S 6.4 154.2 20~1/2 ·•23. 5 ·• .3 

.2so 149.o 3ti22/4 100.6 1.s 153.s 2QQl/2 •23.5 .•• 1 

.5oo 149.0 3620/4 101.1 e.o 154.2 2or212 ·24.7 •1.9 
1.ooe 149.o 3615/4 104.s 11.2 154.2 20()3/2 ·•25.9 •lo3 
2.003 1so.5 3603/4 111.3 22.B 155.7 20i:3/2 ·•25.9 ,:! • 2 
3o}b7 149.o 3604/4 11 O• 7 22.7 154.2 2op12 "3oo9 ·-2 .4 
4 .179 149.0 3M3/4 111.3 24.7 154.2 2or en •32.2 ·-1.e 
s.012 149.0 3601/4 112.4 21.0 154.2 2or.@/2 ·•32.2 ·• o4 
60071 149.7 3598/4 114.0 29.3 155. o 2oc912 .33.4 ·• .2 
1.104 149.0 3596/4 11s.2 35,0 154.2 2~)1/2 .35.9 .5 

14.000 149.0 3581/4 123,5 47.9 154,2 2013/2 •38,4 1,6 
21.083 148.2 3575/4 126.8 52.2 1·53,5 201212 -37,1 ,!: ,9 
28,042 1s1.2 3550/4 140,6 68,7 155,7 2nc9/2 ·•33,4 l;J .2 
55,Q87 149.o 3534/4 149,4 90,5 154,2 2oco12 -22.2 ,3e .o 
84.000 144.5 3538/4 147,2 86,2 150,5 2014/2 ·•39,6 19 .e 

112.000 148.2 3496/4 170,1 109,7 153,'5 3g,=714 •14,2 .47 .3 
140,000 148,2 3478/4 179,9 117 .e 154,2 39~1)/4 .. 9.9 ,93 .s 
168,000 148.2 3464/4 187,4 125.3 154.2 39'75/4 •6.8 .se ,0 
196.000 146.o 3440/4 200.2 138 0 5 152.0 3Q'70/4 .. 3.7 .n.5 
224.000 146.7 3412/4 21s.1 153.2 152.7 39E4/4 o.o ,Efl .6 
2s2.ooo 1s1.2 337814 233.o 167.6 152.1 311~7/4 4.3 7o,5 
2Ao.ooo 147.5 3368/4 238.2 174 .1 151.2 ]QC:@/4 3.7 ,fl .6 
3os.ooo 146.7 3312/4 267.2 203 .o 15?.0 31164/4 12.3 74 .0 
336.ooo 148.2 0/0 o.o o.o 153.5 JQ•5/4 17.8 19 ,3 

-364.000 149.7 0/0 o.o o.o 152.7 39?9/4 21.4 7-c; .e 
364.000 149.7 0/0 o.o o.o 152.7 3ACJJ/4 43.2 l O 1 ,6 
364.129 149.7 0/0 0,0 o.o 152.7 3M3/4 43.2 101,6 
364.250 150.5 0/0 0 .o o.o 153.!'i 3893/4 43.2 lC l 06 
364.497 1so.5 C/0 o.o o.o 153.5 3P93/4 43.2 101.6 
365.000 149.7 0/0 o.o o.o 152.7 3P<;J/4 43.2 101.3 
366.000 150.5 0/0 o.o o.o 153 05 3Ac; l /4 44.4 102.5 
367.000 149.7 0/0 o.o o.o 153.S 3P9t,/4 45.0 l ():! .1 
368.000 147.S OIO o.o o.o 152.7 3P91/4 44.4 102.5 
369.000 147.5 0/0 o.o o.o 152.7 3P92/4 43.8 101.9 
370.000 148.2 0/0 o.o o.o 153 05 3fl<;2/4 43,8 1() l o3 
371.000 148.2 Olii O,o o.o 153.S 3FICl2/4 43.8 100.6 
378.000 146.7 0/0 o.o o.o 152.7 3890/4 45.0 102.s 
3ASoOOO 146.7 OIO O•O o.o 152.7 3PP7/4 46o9 103•3 
392.000 146.7 0/0 o.o o.o 1s2.o 3PPE/4 47.5 102.5 
420,000 147.s 0/0 o.o o.o 1S 1. 2 3817/4 52.9 1 cc; .6 
448.000 147.5 0/0 o.o o.o 151,2 3872/4 55.c; 10,=.9 

* CREEP STRAII' = TOTAL STRAIN • ELASTIC STRAIN • AVERAGE SHRnl<A(;E STRAIN Al T I'°'E 
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STRAIN ANO TE~PERATIJRE DATA AFTER LC\il"l J,t,G 

SPECI~EN s-5 

AXIAL STRESS 3600 PSI AXIAL ELASTIC STi::Alt, 758.7 MICRO•UNIT.5 
RADIAL STRESS .o PSI RADIAL ELASTIC SHlAII\ ool74o0 MICFc0-UNll5 
TEST TEMPERATURE 150 F TEST MOISTURE AIR ORY 

AXIAL GAGE RAD1At. Gi\GE 

TIME TE~P READ/DIV TOT STRAIN CREEP* TEMP REAUC'TV TOT STRA Ill, CHEP• 
<DAYS> <Fl (FREQ) (MIC•UNITS) (MlC•IJNITSI (Fl (F!=EQI IMIC•UNITSI CtHC•LNITSI 

OoOOO 1soos 3785/4 o.o OoO 144.5 37P3/4 OoO CoO 
OoOOO 1soos 2130/4 75807 •oO 14405 40'71/4 •17503 ·•1,3 

012s 1soo5 2980/8 93802 180 .s 144,!5 2nf4/2 •2llo5 .. 37 06 
o25o l!Ho2 2124/8 966~5 2oe • ., 14405 20f9/2 •21709 •4306 
.soo 1s102 2215/8 101s.2 25609 144 0 5 207712 •22802 '"!:·4 .2 

loooa 1s102 0/0 OoO o.o 144 05 20P4/2 •237.2 •E2 ,5 
2.087 1s2.o 0/0 OoO OoO 145.2 201;212 •24706 •E9,5 
30167 OoO 0/0 OoQ 000 144 0 5 21c112 -259.3 .e1 0s 
40167 1so.5 0/0 OoO o.o 144 0 5 21rs12 •264 05 .. e4o3 
5.oiio 0,0 0/0 OoO 0,0 144.5 21 f 7 /2 •267.l •@,E, l 
6,083 o.o 0/0 OoO 000 144,5 2110/2 -27100 .e9.s 
7,083 O•O 0/0 OoO OoO l43o~ 2117 /2 -28002 •9E,6 

130979 151.2 OIO Oo() OoO 14405 21·271'2 •29304 -104 o4 
210083 15005 0/0 o.o o.o 143. e 21:3?/2 •300.0 •l0•9o4 
28.042 15200 0/0 OoO o.o 14fioO 2134/2 •30206 •llooe 
560008 150.s 0/0 OoO OoO 144.5 2142/2 .. 313.2 •loe,9 
840008 o.o 010 o.o o.o 141.S 21•812 •334.S •12002 

112.ooe 150.s 0/0 OoQ o.o 14~.s 2141/2 •311 o9 •l0lo4 
140.042 15207 O/ij o.o o.o l4c;.2 21'28/2 •29407 -e1,6 
1680000 149.7 0/0 o,o o.o 145.2 21r412 •26302 -47.0 
1960000 148.2 010 OoO o.o 142.2 0/0 OoO OoO 

• CREEP STRAIN• TOTAL STRAIN • ELASTIC STRAIN• AVERAGE SHRtt,:l<A!:E STRAIN Al TIME 



355 

STRAIN ANO TF"PERATLRE CATA AFTER LOAOH,G 

SPECI'1Et,: 9.7 

AXIAL STRESS 2400 PSI AXIAL ELASTIC STPAlt,: 384,7 MICRO•UNITS 
RACIAL STRESS -o PSI RACIAL ELASTIC STPAJt,: .93 05 MICRO•UNIT~ 
TEST TE ... PERATURE 75 F TEST MOISTURE AS CAST 

AXIAL GAGE RAfllAt. GAEE 

TIME TEl'P READ/DIV TOT STRAIN CREEP* TEMP REAC/CIV TOT STRAl" Cf.EEP* 
.(DAYSI (Fl (FREQ.) (MIC•UNITS) IMIC•UNITSl (Fl (FPFGl (MlC•UNilS) l1o1IC .. LNITSJ 

0.000 74.7 2080/2 o.o o.o 73.2 21'20/2 o.o O•O 
0.000 74,7 3513/4 384,7 .o 73.2 2M0/2 .93.5 ·•. 0 

.125 74.7 3450/4 4}8o7 34,0 73,2 21c112 ·•94,9 •1,7 

.250 74.7 3440/4 424,1 39.3 73.2 2lC:2/2 -96.2 •'2 .9 
,500 74.7 3427/4 431.0 45,7 73,2 2lC:2/2 -96,2 ,.3 ,2 

1,033 73.2 3416/4 436.8 51.2 71,7 21c 112 .• 94.9 ·• l o9 
2.092 76.3 3396/4 447.4 61.5 74.0 2lC: 1 /2 ... 94.9 ·•2 .3 
3.188 75.s 3326/4 483,9 9e.o 74,0 2l•CJB/2 •104.4 •1'2 .4 
4.000 74.7 3306/4 494,l 1oe.3 73.2 22ro12 -101.1 •14 • 7 
5.12s 75,5 3325/4 484.4 98,5 74,0 21CJ7/2 •103,0 -10.6 
6.083 75.s 3324/4 484,9 99 05 74.1) 21CJ6/2 •101.7 •8,6 
1.083 74,7 3322/4 485,9 101.3 74 00 21CJ6/2 •101,7 .. p.1 

14.083 76.3 3328/4 482,8 c;e.e 74.0 22r?12 •109,9 -17 .1 
21,083 74,7 3282/4 506,4 121.6 74.o 2Ic9/2 -1os.a •l'eo6 
28.083 76.3 3?45/4 525,1 140.6 74,0 22cn12 •107,1 •l4 .s 
56,017 76,3 3118/4 587,7 202 ,4 74.0 22r112 •116. 7 •23.8 
84.017 1s.5 3076/4 607,9 222,6 73.2 22j 0/2 •120,8 •2e ,3 

112.000 11.0 3017 /4 635,8 250,9 7s.5 2211 /2 •122,2 •29•0 
140,029 76,3 2980/4 653,0 267,5 74,7 22i 3/2 ·124,9 "'?2,5 
168,000 77,0 2964/4 660,3 275.l 74,7 22;212 •123.5 .. 31.5 
196.000 76.3 2947/4 668,1 281.3 74.0 2i' 14 /2 •126,3 ... 34 ,8 
224,000 75,5 2937/4 672,7 284.1 73.2 22] 4/2 ·126,3 •.J~ .e 
252,000 76,3 2912/4 684.0 293,3 74.7 22] 3/2 •124,9 .. -::1 .o 
280,000 75,5 2883/4 697,o 305,3 74,7 2213/2 •124,9 ..,3e ,4 
3oe.ooo 77,0 2865/4 105.o 311.4 76.3 22i 2/2 •123.5 .. 3c; ,4 
336,000 78.5 2849/4 712,1 316.7 76,3 22j 3/2 •124,9 •4'?. .6 

•364.000 78.5 2835/4 718,3 321. 7 7(,.3 22, 2/2 •123.5 -•2.3 
364.000 78.5 3635/4 317,2 •79.4 76,3 2142/2 .•29 .1 ,':'2 ,2 
364, 12':i 76.3 3656/4 3o5.3 •91.3 76.3 214(1/2 •26,4 ,!:4 .9 
364.250 76.3 3659/4 30306 •93.0 U,. 3 2Hnl2 •26o4 ,54 ,9 
364.509 76.3 3664/4 30008 •95.8 76,3 2140/?. •26.4 ,54 ,9 
365,000 11.o 3667/4 299.l -97.6 7i.n 2].39/2 ·-25 .1 ,!:f • 0 
366,000 11.0 3674/4 295,i -101.s 77,(1 21,'.:P./2 -23.8 ,!:7 • 2 
367.000 77 .o 3677 /4 293.4 •103.4 11.0 21'.:7 /2 ·-22 .4 ,!:8 .4 
368.ooo 77 .7 3682/4 290,5 -106 05 17.n 21:!7 /2 -22.4 ,SP 06 
369.000 79.2 3684/4 289,4 -107.3 77. o. 21::!6/2 -21.1 ·6C •" 
370.000 77.7 3f\90/4 285,9 •110.9 77.o 2137/?. -22,4 ,se .6 
371.000 11i .s 369214 28'+,8 •112 .2 11.o 21::7 /?. -22.4 ,!;,P. .s 
378.ooo 77.7 3702/4 279,l -11e.4 7f\,3 2l:!S/2 .. 19.8 .f O .5 
385.ooo 77,7 3708/4 275.6 •123.o 76,3 21:!i'/2 -1s.0 ,6:3 .s 
392,000 77,7 3715/4 271.6 •126.6 77 00 21:!2/2 -1s.e ,63 ,9 
420,000 76.3 3732/4 261.8 •137,9 7~.7 2129/2 ·• 11, 9 ,66 .4 
448.000 76.3 3738/4 258,3 •141,8 74.7 21:=S/2 -6.6 71 • 7 

* CREEP STRAlt,: • TOTAL STRAIN• ELASTIC STRAIN • AVERAGE SHRTt,:KAEE STRAIN Al Tl1o1E 
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STRAIN ANO TE•ft PER A TlJRE CATA AFTER L060lt,.<l 

SPECIMEN 11!•\3 

UIAL STRESS -o PSI AXIAL ELASTIC ST~Alt,. •OoO MICRO•UNllS 
RAOUL STRESS -o PSI RADIAL ELASTIC STRA1t,. •O•O MICRO•UNllS 
TEST TEMPERATURE 150 F TEST MOISTURE AS CAST 

AXIAL GAGE RAnIAt GA.GE 

TIME TEMP READ/DIV TOT STRAIN CREEP• TEMP REAt:/CJ\/ TOT STRAih CF<EEP• 
(DAYS) <F) (FREQ) (MIC•UNtTS) (MIC•l.J1>1ITS> CF) <FREQ) CMIC•UNilS) h!lC .. LllltTS> 

0.000 146.0 3928/4 o.o o.o 148.2 3Fl'!12/4 o.o c.o 
0.000 o.o 0/0 o.o o.o o.o 010 o.o o.o 

.125 146.0 3928/4 o.o o.o 1413.2 38~0/.4 1.2 c .o 

.354 146,0 3928/~ o'.o o.o 149,0 3A•ll4 .6 0,0 
1,958 145,2 3940/4 .7.3 o,o 148,2 3Fl•9/4 •4,2 C,0 
2.91'1 145.2 3939/4 .6.7 o,o 14111,2 3Fl~!!/.4 -1.e c.o 
3.917 146.0 3940/4 .1.3 o.o 149 1 0 3A•4/4 -1.2 o.o 
4.750 146,0 3941/4 -7~9 o.o 14q,o 38~4/4 -1.2 o,o 
5,t113 146.0 3941/4 .7,9 o,o 149,0 3A•4/4 -1.2 (). 0 
6.846 144,5 3955/4 -16.5 o.o 147 .5 3Fli& 1/4 .9.0 o.o 

13,9H 143.8 3965/4 -22.6 o.o 146,7 38H/" -7.2 c.o 
21.083 144,5 3963/4 •2lo4 o.o 147o!S 3Roi5/" 1(1,1 O•O 
27.917 145.2 3966/4 -23.2 o.o 148,2 3Ar"I" 2e.5 o.o 
55,875 144 05 3976/4 -29.4 o.o 14~.2 11/0 o,o o.o 
83,867 142.2 3996/4 •41,8 0,0 145.2 (l/0 o.o 0,0 

112.033 143.e 3984/4 .. 34,3 o,o 145,2 0/0 o.o o.o 
140,062 142.2 3980/4 -31,9 o,o 156,5 0/0 o.o o.o 
167,917 143.0 3976/4 •29,4 o.o 145,:, 0/0 0,0 o,o 
196.000 J40,7 3976/4 •29,4 o.o 144,5 0/0 o.o o.o 
224.0~0 141,5 3972/4 •26.9 o.o 144,!i 0/0 o.o o.o 
252.090 141,5 3967/4 •23,9 o,o l4S,2 0/0 o.o o.o 
280,000 139,2 3976/4 •29,4 o.o 143,0 0/0 o.o o.o 
3oe.ooo 141,5 3957/4 -i7,7 o,o 144,5 0/ 0 o.o o.o 
336,000 143.8 3950/4 •13,4 o.o 146,0 0/0 o.o o,O 

•364.000 141,5 3944/4 .9,8 o.o 14!5.2 OIO o.o o,o 
364,000 141,5 3944/4 •9,8 o.o 145,2 (1/0 o.o 0,0 
365,ooo 141.5 3945/4 •10,4 o.o 146.o 010 o.o o.o 
36&.ooo 141,5 3945/4 -10.4 0,0 14!5,2 0/0 o.o 0, 0 
3670000 142,2 3Cl45/4 -10.4 0,0 146.o 01n o.o o,o 
368,000 142,2 3945/4 •10,4 o.o 146,0 (1/0 o.o o,o 
369,000 142,2 3Cl44/4 -9,8 o.o 146,1) 1)/0 0,0 o.o 
370.000 141.S 3944/4 .. 9,8 0,0 l4ft,O 010 0,0 c.o 
371,000 142,2 3944/4 .9,8 o.o l4t,,7 0/0 o.o C ,0 
37B.ooo 140,7 3944/4 .9.8 0,0 14!,2 n/O o,o ('. 0 
385,00li 141,5 3943/4 •9,2 o.o 14So2 010 OoO 0•0 
392,000 1•1.s 3Q40/4 .. 7,3 o.o 14~.2 0/0 o.o 0,0 
420.000 140.7 JCl35/4 -4,3 o.o 144,5 tl/0 o.o o.o 
448.ooo 140.7 3Cl30/4 .1.2 o.o 144.S 0/0 o.o 0,0 

• CREEP STRAIN• TOTAL STRAIN • ELASTIC STRAIN• AVERAGE SHRT,.l<A<=E STRAIN AT Tl!!E 
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STRAIN AND TEllolPERATlJRE DATA AFTER LOADlit.,G 

SPECIMEN R•16 

AXIAL STRESS 3600 PSt AXIAL ELASTIC STiAth 537,6 MICRO•UNitS 
FUDIAL STRESS •O PSI RADIAL ELASTIC STRAft. •150,3 MtCRO•UNITS 
TEST TEMPERATURE !SO F TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL OGE 

TIME TEMP READ/DjV TOT STRAIN CREEP* TEMP REf>C/CIII TOT STRAlfli Cl<EEP• 

tDAYc;) IF) (FREQ) IMIC•UNJTSl (MIC•lJNITSl <Fl (FS:ECl (MlC•UNITSl (M IC•L NITS l 

0,000 152,0 2613/2 o.o o.o 148,2 39E'2/4 o.o 0,0 
0,000 152,0 3045/4 537,6 ,0 l4A,2 21iion •1so,5 .• ,2 

, 125 152,0 2845/4 628.~ 92,6 14'1,5 2l'20/2 •176,7 •c5o5 
,250 152,7 2807/4 645.5 109 .2 148,2 21'?212 •179,3 •2e,5 
.soo 152,7 2727/4 679,8 142,9 l4A,2 2ne12 •187,2 11113E,3 

1,012 152,7 2656/4 109,5 17,3,0 l4A,2 21'3612 •197,8 .. 4,5 • l 
2,092 153,5 2567/4 745,5 213,9 149,0 2H312 •201.1 -4'CJ ,9 
3,175 153,5 2488/4 776,4 245,3 148,2 21~1/2 •217,8 •Elo2 
4, 18e 152,7 2435/4 796,7 267,0 149,0 211:612 •224,4 •6E,O 
5,167 152,7 2402/4 809,0 280,5 149,1) 211!!9/2 •228,4 •E-1! ,6 
6,250 153,5 2360/4 824,5 296,6 149, I) 21~212 •232,5 •71,2 
7,279 151,2 2352/4 82'1,4 304,2 146, 7 21?0/2 •243,2 •7P. • 7 

14,ooe 152,0 2]48/4 898,6 379,8 149,0 21i112 •258,0 •@9,9 
21,083 152,0 2067/4 925,1 407,3 141!,2 2}.~7/2 •266,2 •9,5,0 
28,083 152,7 3878/8 964,8 09,7 149,0 21qo12 •270,2 •CJ.!! ,5 
56,00P 152,0 3208/8 1056,8 554,7 14~,o 21iH1/2 •278,4 •CJo.1 
84,008 149,7 2576/8 1127 ,6 623,4 145,2 22i212 •300,3 •11'2,7 

112,ooe 150,5 2000/8 1178,7 ns.1 148,2 22n112 •285,2 •9.!! ,7 
140,0!2 151,2 010 O•O o,o 147,!5 2200'2 •283,8 •9204 
168,000 151,2 010 0,0 o,o 147,5 22o-U2 •286,6 •92,9 
196,000 149,7 010 0,6 o.o 145,2 22~3/2 •287,9 •9,3 .6 
224,000 149,7 010 o,o 0,0 141,i,2 22r412 •289,3 •92,6 
224,olo 149,7 2520/4 764,0 255,5 145,2 21nv2 •161,0 ;J3,3 
224,100 149,7 2587/4 737,5 230,2 144,5 21r612 ·158,4 ,33,6 
224,205 149, 7 2602/4 731,5 224,1 144,5 21;.112 •159,7 ,31 • 0 
224,300 149,7 2608/4 729,0 222,3 145,2 215612 •158,4 :3 J ,3 
224,600 149,7 2621/4 723,8 21,5 .1 145,2 21rs12 •157,l '2t;I .4 
224,120 149,7 2633/4 718.9 210.2 145,2 21ij312 •154,5 ,J2 .o 
225,000 149,0 2654/4 710,3 201,6 145,2 21n312 ·154,5 ,32 ,o 
226,000 151,2 2681/4 699.i 190,5 144,5 2103/2 ·154,5 :?2 .o 
227,000 151,2 2686/4 697,o 188,4 14~.s 21 ~212 •153,2 :33 ,3 
220,000 151,2 2696/4 692,9 184,2 14!'i ,2 21no12 •150,5 ,35 ,6 
229,000 151,2 2705/4 689,1 180,5 144, '5 215612 •15o,5 :J!! ,6 
230,000 149,7 2712/4 686,2 177 ,5 146,0 21i99/2 •149,2 :3~ ,9 
231,000 149,7 2720/4 682,8 174, l 146,0 209t;l/2 •149,2 :JE ,9 
238,oOO 149,'1 2746/4 671.~ 163,1 146,0 20CJ612 •145,3 ·40 ,8 
245,000 149,7 2765/4 663,7 1-55,o 14(),0 2oca12 •142,7 4'2 ,8 
2s2,ooo 150,5 2779/4 657,7 149,o 148,2 2nci112 •138,9 4~•0 
280,000 159,5 2844/4 629,3 120,7 143,8 20~t;l/2 •14Q,2 :JE,3 
308,000 152,7 2834/4 633,7 125,1 14~.o 2QP7/2 •133, 7 ,!! o ,8 
336,000 l!'il .2 283514 633,3 125,2 147,!5 2oeon •124,6 .~e ,5 
371. 000 149,7 2841/4 630,6 122,0 146,T 20'73/2 •115,6 ,E'9 .• 2 
392,000 149,7 2841/4 630,6 123,3 146,0 20;0,2 -111,8 ,E-9 ,3 
420,000 149,7 2839/4 631•5 0,0 14(),0 20~41'2 ·104,l 0•0 
448,000 149,7 21<!36/4 632,8 o.o 14~.o 20~0/2 ·•99,0 o,o 

* CREEP STRAI~ • TOTAL STRAIN• ELASTIC STRAIN • AVERAGE SHRyr.1<.,,eE STRAIN AT TIME 
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STRAIN AND TEI\IPERHLRE DATA AFTER LO~Oll\Cl 

SPECII\IEN R•l9 

AXIAL STRESS 2400 PSI AXIAL ELASTIC ST~AII\ 378.6 MICRO•UNilS 
RACIAL STRESS -o PSI RADIAL ELASTIC STRATI\ .. 103.6 MICRO•UNITS 
TEST TEI\IPERATURE 75 F TEST MOISTURE AIR ORY 

AXIAL GAGE RAD I At <;A,(;E 

TIME TEMP READ/DIV TOT STRAIN CREEP* TEt,1P REAC/DIV TOT STRAII\ CFiEEP* 
IOAYS) (F) (FREQ) (MlC•UNITSl (MIC•UNITS> (F) (FF.EC> (MIC•UNITSI (MIC•LNITS> 

0.000 74.7 3A52/4 o.o o.o o.o 200012 o.o OoO 
0.000 73.2 3153/4 379,5 .9 66.S 20P2/2 -103.e •• 2 

.12s 73.2 3084/4 41208 34 .3 66.S 20P6/2 '"108.9 '"''= .3 
o25o 74.o 3070/4 419~5 41.3 66 0s 20P7/2 .. 110.2 -6.6 
.5oo 74.0 3650/4 429.0 50.3 66.s 20P7/2 -110.2 .• ·7 o2 

lo021 74o0 3030/4 438,4 59.6 66 0 5 20P6/2 •108.9 •6 .3 
2.100 74.o 2996/4 454.3 76.1 60.0 20P3/2 -1os.1 .• 3 .s 
3,183 74.o 2905/4 495,9 117 .3 67.2 20P9/2 -112.e -12 .e 
4.188 74.0 2890/4 50206 12s.e 65.7 2oe 012 •114. l -1.3 • 9 
5.02s 74.0 2873/4 510.2 133.7 65.7 26c:012 '"114.l •1,': • 0 
60083 74o0 2891/4 502•2 121.0 66.S 20P6/2 •1oe.9 -c;.3 
1.12s 74.7 2097/4 49905 12,5. 3 67o2 20P4/2 •106.3 .• ·7 • 0 

14.021 74.7 2829/4 529.7 157.l 67.2 2nP9/2 -112.e -1.r: .e 
21.104 73.2 2820/4 533.6 163.6 66 0 5 201=3/2 -1os.1 • 11 .1 
2eoo~2 74.7 2773/-4 554.0 184 0 8 67.2 20P3/2 •105.l •14 .3 
56.021 74.7 2602/4 62502 26104 67.2 20PP./2 -111.5 ·2·': .1 
840021 74.7 2!'i47/4 64702 287.1 68.0 20P9/2 -11208 •2,e. 3 

112.021 75 0 5 2476/4 674.8 320.l 6A 0 0 20c: 012 •114.l •29.l 
140.054 74.7 2435/4 690.4 338.2 70.2 20C:i?/2 .. lH, 0 7 .,31 .4 
168.ooo 1s.s 2417 /4 697.2 347.6 68 0 0 2oc;412 •119.3 .. :n.9 
196.ooo 74.7 2403/4 7o2o4 355.2 67.2 20C:5/2 -120.6 .. 33.4 
2240000 74.7 2395/4 7p5o4 3s9.o 67.2 20C:6/2 •121.9 •31: .3 
252.000 77.0 2370/4 714.6 368.2 73.2 20C:712 •123.2 "':!6 .9 
200.000 1s.s 2340/4 725.6 380.7 68.8 2ori912 -125.8 -:ie.7 
300.000 77.o 2323/4 731.7 386.9 69 0 5 20C:9/2 •125.8 •It IJ • 0 
336.000 1e.s 2309/4 73607 39207 71 .n 21~0/2 -121.1 •It l • 0 

•3640000 s5.2 2296/4 741•4 397.8 76.2 2liill2 -120.4 •1t2.6 
364.000 F15.2 3295/4 30805 •3Soo 70.2 2020/2 •24.9 .(: O .9 
3640125 85.2 3326/4 29206 -so.9 70.2 20] 7 /2 -21.2 (:4 • 7 
364.250 ss.2 3332/4 28905 •54.0 70.2 20i612 •19.9 6': .9 
364.5oe 85.2 3340/4 285.4 -se.2 76.2 201,,n •19.9 f,i::.9 
3650000 77 .o 3345/4 20208 •60.9 69.111 201!=/2 -10.1 67.2 
3660000 11.0 3355/4 27706 •66.2 69 05 20llt/2 •17.4 .fP. .4 
367.000 7700 3359/4 27505 •6@ o l 69.S 2013 /2 •16.2 (,c;. 4 
3680000 OoO 0/0 o.o o.o o.o 010 o.o o.o 
369.000 84,S 3371/4 26903 •l3.9 e1.s 2013/2 •H,.2 10.0 
370. 000 78.S 3376/4 26606 •7606 69.S 201312 •16.2 fc; .9 
3710 ooo 77,0 3380/4 26405 .,.79 oS @3.n 201312 •16.2 7C .1 
3780000 78os 3394/4 257,2 -ss.6 69.'5 201212 •14.9 7lol 
3R5oooo 77o7 3402/4 25300 •90 .1 69.S 201012 -12.4 72o9 
3920000 77.0 3412/4 247.7 •94.9 11.1 2010/2 -12.4 73.0 
420ooOo 76.3 3437/4 23404 •107.e 68.A 20('9/2 ·• 11 • 2 7,:i .9 
4480000 76.3 3449/4 220.0 •H3.3 6R 0 fl 20r,7/2 -8.7 n .s 

* CREEP STRAIN• TOTAL STRAIN• E~ASTIC STRA!N. AVERAGE SHPT~KJ!c;f <;TRAIN AT ll'°'E 
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STRAIN ANO TE'1PERATI.JRE DATA AFTER LO~CTIIIE 

,SPECin11 A•?3 

AXIAL STRESS -o PSI AXIAL ELASTIC ST~Alll -o.o MICRO•UNITS 
RADIAL STRESS -o PSI RADIAL ELASTIC STRAIII -o.o MICRO•UNilS 
TEST TEt,,PERATURE 75 F TEST MOISTURE AIR ORY 

AXIAL GAGE RAD I Al GA·GE 

TIME TE'°'p READ/DIV TOT STRAIN CREEP* TEMP REAC/CJIJ TOT STRAII\ CREEP* 
(DAYS) (Fl (FREQ) (MlC•UNITSl (MI C•I.Jt-i ITS l <Fl (FF:FG> IM lC•UN ITS) lt,,IC•l.NITS) 

0.000 74.7 3834/4 o.o o.o 74.7 3849/4 o.o OoO 
OoOOO o.o 0/0 OoO OoO o.o 0/0 o.o c.o 

ol2S 7400 3834/4 OoO o.o 74oO 31149/4 OoO OoO 
0362 74o0 3834/4 o.o o.o 74o0 3A6!!/4 06 OoO 
.946 75.S 3833/4 .6 OoO 7sos 3A6'5/4 2o4 (lo 0 

lo958 74o7 3836/4 •lo2 OoO 75o5 3A6 :!14 306 OoO 
3ooso 75o5 3836/4 .1.2 o.o 74o7 3843/4 306 o.o 
4 0042 74.0 3838/4 -2.4 o.o 74.o 3865/4 2.4 OoO 
40875 74.0 3838/4 -2.4 o.o 74o0 384Y4 306 o.o 
5 0938 74.7 3840/4 •306 OoO 74.7 3P43/4 306 o.o 
6.979 74.7 3841/4 .4,2 o,o 74,7 3A4l/4 4,8 o.o 

13,854 74o7 3838/4 •2,4 0,0 74.7 3A46/4 1,8 () 0 0 
200958 73,2 3854/4 -11.9 OoO 73.2 3Aj9/4 600 o.o 
27,937 75 05 3854/4 -11,9 0,0 75,5 3Pi?/4 10,l CoO 
550875 75o5 3864/4 -i7.9 OoO 75,c; 3i:i,:v4 1so5 OoO 

1120000 76,3 3880/4 .27,5 o.o 7(, o3 3P19/4 17 .0 0,0 
139.9!:ie 75.5 3887/4 -3lo7 0,0 75,5 3i:1;114 1606 C,O 
1680000 75o5 3R93/4 -35.3 DoO 7'5o"i 3A;4/4 14.9 o,o 
196.000 74.7 3897/4 -37,7 o.o 74,7 38?2/4 16,1 O•O 
224,000 74,7 3904/4 •42o0 0,0 74,7 38;6/4 13,7 OoO 
252.000 74.7 3905/4 -4206 o.o 1s.s 39;1y4 14,3 0 oO 
280,000 7603 3906/4 -43,2 o.o 76,3 3824/4 14,9 o.o 
308,000 75o5 3905/4 -42,6 0,0 75.5 3,:1;214 16ol OoO 
3360000 7700 3908/4 -44,4 OoO 77,o 3A?4/4 14•9 O•O 

-364.000 77,0 3911/4 -46,2 OoO 77o0 3e;,4/4 14o9 0,0 
3640000 77 oO 3911/4 -4602 OoO 77oO 3B24/4 14o9 OoO 
3650000 77,0 3911/4 -46,2 o.o 77oO 3A;4/4 14,9 O o 0 
3660000 76o3 3910/4 •45,6 OoO 76,3 38?2/4 l6ol o,o 
367.000 76o3 3910/4 •45,6 OoO 76.3 38:n/4 16,1 o.o 
3680000 75.s 3910/4 .. 45.6 OoO 76.3 3e;414 l4o9 OoO 
3690000 1s.s 3911/4 •46,2 OoO H,o3 3A;4/4 14.9 OoO 
370,000 75.5 3912/4 -46.8 OoO 76,3 3A;4/4 14,9 o,o 
371.000 78 0 5 3911/4 •46.2 o.o 79.2 3A;4/4 14,9 o.o 
378.ooo 77.o 3910/4 -45.6 o.o 77.n 3,:1;414 14.9 o.o 
385.ooo 77,0 3908/4 -4404 OoO 77 oo 3A?3/4 1so5 O, 0 
392.000 11.0 3910/4 •4506 o.o 77.o 3A;2/4 l6ol (l, 0 
420.000 75o5 3913/4 •47.4 o.o 75.5 38?3/4 15.s O•O 
448,000 75.S 3910/4 •45.6 o.o 7'5.5 38?2/4 16.l o.o 

* CREEP STRAIN• TOTAL STRAIN• ELASTIC STRAIN. AVERAGE SHR J 1\1< A<(;E STRAIN Ill TIME 
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STRAIN AND TE.,PERATLRE DATA AFTER UlACl1"G 

SPECIHN 8•26 

AXIAL STRESS -o PSI AXIAL ELASTIC ST~AI~ •OoO MICRO•UNIT.5 
F-ADIAL STRESS -o PSI RADIAL ELASTIC SlAIII~ •O,O MICRO•UNil5 
TEST TEMPERATURE 150 F TEST MOISTURE AIR DAY 

AXIAL GAGE RAD I Ai GIit;[ 

TIME TEMP READ/DIV TOT STRAIN CREEP* TEMP REAC/01\/ TOT STRIII~ CHEP• 
<DAYSI (Fl (FREQ) <MIC•UNITS) (MIC•\JNtTSl ( F) ( FREQ I (MlC•UNITSl (MI C•LN ITS I 

0,000 14907 3690/4 0,0 0,0 147,5 3Rj5/4 0,0 OoO 
0,000 149,7 3690/4 0,0 o.o 147,!5 3RjS/4 OoO 0,0 

,12S lS0,5 3689/4 ,6 OoO l4To5 3BjS/4 0,0 OoO 
,367 1SOo5 3689/4 ,6 OoO l4ToS JRjS/4 0,0 o,o 
,887 1S0,5 3694/4 •2,3 0,0 147,S 3R17/4 •1,2 o,o 

lo95P. 150,5 3696/4 -3,4 o.o 147,5 JR•q/4 •2,4 o,o 
3,042 1S0,5 3702/4 -6,9 o.o 14'!,5 3Pit2/4 •4,2 o,o 
4,042 151,2 3706/4 -9,2 0,0 147,5 3R45/4 •6,0 0,0 
4,896 1soo5 3710/4 -11.s 0,0 147,!5 3846/" •6,5 C,0 
5,938 150 .s 3715/4 •14,3 OoO 147,11! 3RCfl/4 •8,9 o,o 
6,979 149,o 3727/4 -21,3 o.o 146,7 3Riq/4 •14,3 O•O 

13, A54 147,5 3744/4 -31,1 o.o 146,0 3070/4 •20,9 o,o 
20,938 149,0 3745/4 -31,T o,o 14~.o 38,:7/4 •19ol 0,0 
27,917 150,5 3748/4 •33,4 o.o 147,S 31170/4 •2Q,9 OoO 
55,875 149,7 3764/4 •42,7 o.o 147,S JRP0/4 •26,9 o,o 
83,875 146,7 3795/4 •60,9 0,0 143,8 3912/4 •46,2 0,0 

111,875 146,7 3793/4 -59,7 o.o 146,0 31l~4/4 •41,4 OoO 
139,896 146,7 3796/4 -61,5 OoO 14502 39~3/4 •40,8 o,o 
168,054 146,0 3802/4 -65,0 o.o 14S,2 3Cl(!6/4 •4206 C,0 
196,000 14502 3805/4 -6608 o.o 14308 Jill 1/4 •45,6 CoO 
224,000 146,0 3805/4 •66,A OoO l43ofl 3913/4 .. 46,8 OoO 
2520000 146,0 3A06/4 -67,4 o.o 14308 3Cl]5/4 •48,0 0,0 
280,000 143,8 3800/4 •63,9 o.o 141,111 JC)2S/4 •56,0 o,o 
308,000 146,0 3810/4 •69,8 o.o 143,8 3Cll7 /4 •49,3 OoO 
3360000 146,T JIH l/4 •70o3 o.o 144,!5 39i7/4 •49,3 O,O 

•364,000 146,0 3Bl3/4 •7lo5 OoO 143,8 3Cl1'T/4 •49,3 o,o 
364,000 146,0 3813/4 -71,5 OoO 14308 39]7/4 •49o3 0,0 
365,000 146,0 3013/4 -11,s o.o 143,8 391M4 •48o7 OoO 
3660000 14600 3812/4 •70o9 OoO 1430@ 39j6/4 ·48,7 C,0 
3670000 14600 3812/4 •T0,9 o.o 14308 31l]6/4 •48o7 o,o 
3680000 146,0 3812/4 •70o9 0,0 143,8 3916/4 -4807 OoO 
3690000 14502 3fll2/4 •7Qo9 o.o 143,P 31lj5/4 •48oO OoO 
3700000 14So2 3812/4 •70,9 o.o 143,8 31l15/4 •48o0 0,0 
371 oOOO 14607 3!H4/4 .72,1 OoO 14600 39i7/4 •49,3 C,0 
318,000 14502 3815/4 -7207 0,0 142,2 3Cl)9/4 -5005 o.o 
3850000 146,o 3813/4 .11 os 0,0 1410@ 31lJ5/4 .4800 C•O 
392,000 l46oO 3814/4 •72,1 OoO 14300 Jlli7/4 •49,3 O•O 
4200000 14502 3f!l4/4 .;,2.1 o.o 14202 39 J F,14 -4807 o.o 
4480000 145.2 3814/4 -72,1 000 142,2 39i6/4 .48.7 o.o 

* CREEP SlRAII\' • TOTAL STRAIN• ELASTIC STR~IN. AVERAGE SHAJI\UGE STRAIN Ill T lt,1E 
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STRAIN ANO TEf,IPERATliRE DATA AFTER LO~!JHd; 

SPECIIIEN 8•29 

AXIAL STRESS -o PSI AXIAL ELASTIC ST~AII\ •OoO MICRO•UNit5 
RADIAL STRESS -o PSI RADIAL ELASTIC STRATI\ •O•O MICRO•UNlt5 
TEST TEMPERATURE 75 F TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GA,GE 

TIME Tff,IP READ/OJV TOT STRAIN CREEP* lF.MP RF. Al'. /0 TV TOT STRAII\ Ci.F.EP* 
(DAYSI (Fl IFREQI (MlC•UNJTSI (MIC•liNJTSI (F) (F~EQ I (MIC-UNITS! IMJC•LNITSI 

OoOOO 74o7 2680/2 o.o o.o 74.o 2lrl/2 o.o OoO 
OoOOO OoO 0/0 OoO o.o o.o 0/0 o.o o.o 

0125 74.7 2080/2 OoO o.o 74.o 21~2/2 •1.3 o.o 
0354 74. 7 2680/2 OoO o.o 74.0 21;,212 -1.3 o.o 
.883 74.7 2080/? 0 .ii o.o 74.7 210112 o.o 0 • 0 

lo959 74.7 2080/2 o.o o.o 74.7 210112 o.o o.o 
30042 74.7 2080/2 o oo OoO 74.7 2lr'2/2 ~1 o3 o.o 
4.042 74.o 2080/2 o.o o.o 7~.o 21(12/2 -1.3 o.o 
4.896 74.0 2080/2 OoO o.o 74.o 21r212 •lo3 o.o 
5.979 74.o 2080/2 o.o o.o 74.0 21;,2,2 -1.3 o.o 
60979 74.0 2081/2 -lo3 o.o 74.0 21r212 -1.3 o.o 

14.104 74.0 2081/2 •lo3 o.o 74.0 21r212 •lo3 o.o 
200931! 73.2 2083/2 •3o9 o.o 73.2 2Ir6/2 •605 o.o 
270917 72.5 2082/2 -2.6 o.o 72.S 21f412 -3.9 OoO 
550875 75.5 2081/2 •lo3 o.o 75.s 21i'412 •3.9 o.o 
83.875 74.0 2084/2 -s.2 o.o 74.7 21~~n •605 o.o 

111.875 n .o 2080/2 o.o OoO 75.lli 21r412 -3.9 c.o 
139.896 75.5 20801? o.o o.o 11.1 21r412 •3o9 c.o 
1680054 1s.5 2081/2 -lo3 (). 0 1c:;.s 21 i,5/2 .s.2 o.o 
1960000 74.7 2080/2 OoO o.o 74. 7 21 ('4/2 •3.9 o.o 
224 0000 74.0 2()80/? OoO o.o 74 0 0 21fs12 -s.2 o.o 
252.000 74.7 2/i79/2 lo3 o.o 7~,7 21r412 -3.9 c .o 
2800000 1s.5 2077 /2 3o9 0,0 7s.s 21r212 -1.3 o.o 
3080000 76.3 2674/2 7.7 o.o 76.3 2100/2 1.3 c. 0 
336.ooo 77 .o 2074/? 7.7 o.o 77,0 21to12 1.3 o.o 

-364,000 76.3 2673/2 9.0 o.o 77.o 21!'0/2 1.3 o.o 
364.ooo 76o3 2073/2 900 o.o 17.0 210012 1.3 OoO 
3650000 76.3 2073/2 9,o o.o n .o 21/i0/2 1.3 o.o 
366 0 000 75.s 2672/2 10.3 o.o 17.0 21(10/2 1.3 o.o 
367.000 75,5 2072/2 l0o3 o.o 77.o 20C9/2 2.6 o.o 
3680000 75,S 2ii72/2 10.3 o.o 77,0 210012 1,3 O•O 
3690000 74.7 2673/2 900 o.o 11.0 21ro/2 1. 3 () •O 
370,000 74.7 2073/2 9oO o.o 76.3 2lro/2 1.3 o. 0 
371.000 77.o 2673/2 900 o.o 11.0 2100/2 lo3 (!. 0 
3780000 76.3 2072/2 l0o3 OoO 76.3 2oc;c;12 2.6 o.o 
3850000 77.o 2070/2 \2o9 o.o 76.3 2oc;e12 3,9 fl• 0 
3920000 76o3 2Q70/2 i2o9 OoO 76o3 2oc;e12 3.9 O•O 
4200000 74.7 2070/2 12o9 o.o 74.7 20c;7/2 s.2 n .o 
448.000 74.7 2()69/2 i•.1 OoO 74.7 2(lc;7/2 5.2 o.o 

* CREEP STRAIN• TOTAL STRAIN • ELASTIC STRAIN• AVERAGE SHRTl',,l<AGE STRAIN Al Tlt,1E 
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STRAIN AND TFfolPERl'llliRE DATA AFTER LOA!lll\G 

SPECI'1EN ,..41 

IIX I At .. STRESS 1200 PSI AXIAL ELASTIC STAAJI\ •7o9 MICRO•UNITS 
RADIAL STJ.ESS 2400 PSI RADIAL ELASTIC STAAi!\ 219 0 2 MICl<O•UNIT~ 
TEST TF.t,1PE!<ATURE 75 F TEST MOISTURE AS CASl 

AXIAL GAGE RAD1At GAGE 

TIME TEt,1P READ/OjV TOT STRAIN CREEP* TEMP AEAt/CIV TOl STRAlt. CfcEEP* 
<DAYS) (F) (FREQ) (MIC•UNJTS) (MIC•lNITS) IF) (F!<FC> (MIC•UNilS) (MIC.,LNITS> 

0.000 65.o 2116/2 o.o o.o 12.s 40P0/4 o.o O,O 
0•000 65.o 212212 .7.9 ·-. 0 12.s 3717/4 219•3 •1 

.125 65,0 2113/2 3'.9 11.e 74.0 3f,1?7/4 236•6 17.0 

.2so 64,2 2107/2 11.a 19.7 73.2 36P.4/4 238 0 3 1 F' • 9 

.soc 64.2 2030/2 uo.s 117 .9 73,2 37j!l/4 21AoB .•• 9 

.917 64.2 3981/4 1s9.B 166,7 7~.2 31;414 21c;,3 •4,5 
1.996 65,0 3956/4 175,l 181,9 74.0 37(iU4 224,5 4o4 
3,067 65,0 3930/4 191.0 197.8 73,2 36114/4 23Bo3 17 • 6 
4,0A3 64,2 3918/4 198.3 205.1 74.0 31'-P0/4 240,6 20,3 
4,917 1;4,2 3913/4 201.4 208, l 74,0 3671/4 245,7 2,!'! .4 
S,979 64.2 3912/4 202.0 209,3 73.2 361;7/4 230,8 11 • 3 
7,000 64,2 3937/4 186,8 194 0 8 73,2 3672/4 245,1 2,!'! ,3 

13,896 1:,5 • 0 2100/2 20,9 29,S 73,2 31'-;0/4 280,1 ,6 0 .1 
20,979 64,2 3900/4 209,2 217 .1 71,7 36!'!6/4 254,2 ,34 ,6 
27,958 65,0 3M0/4 221.3 229,4 73,2 364}/4 262,7 ·"2 ,6 
55 0 917 65.7 3~06/4 265.4 272 • 7 "74.0 3"\'73/4 3oo.7 eo.9 
83.'?17 65,7 3785/4 277 • 7 285,o 73,2 35H/4 315,6 ,c;.5 ,4 

111,917 66,S 3757/4 294,l 301.9 74.7 3s;514 332,6 113 • 0 
139,946 77,0 3741/4 303.4 310,S 74,0 34q5/4 343,4 12,3 • 2 
168,000 67.2 3733/4 3oB.o 315,4 74.0 34~;./4 345,l 124 ,4 
196,000 65,0 3725/4 312,7 318,S 73,2 30!l/4 347.2 l2t .o 
224,000 64,2 3718/4 316,7 320,B 74,0 3475/4 354,2 1,3 l • 0 
2s2.ooo 66,5 3705/4 324,2 326.l 74,0 3459/4 362,8 13.e .1 
200,000 66,5 3692/4 33lo6 332,S 7;,7 3440/4 373•0 14f .e 
308,000 66,S 31\82/4 337,3 336,3 7c;,s 34,'.?2/4 377,3 ue. 7 
336,000 f-8,0 3F,77/4 340.2 337,4 76,3 34~4/4 381,S L!'! 1,2 

-364,000 hf,• 5 3f>70/4 344,2 340,2 75,S 34i6/4 385,7 154 ,3 
364,000 66,S 3971/4 165,9 162,0 7c;.s 3765/4 191,5 "'\Jc; ,9 
364,130 66,5 3988/4 155.4 151,5 75.5 3775/4 1ss.1 .. 45 .e 
364,250 66,5 3990/4 154,2 1so.3 7c;,5 3773/4 186,8 •44,6 
364,500 66,S 3992/4 l"i3 • 0 149,o 75,S 377214 187,4 •44,0 
365,ooo 68,0 3992/4 153.o 148,9 74,7 31'7n/4 188,6 •43,1 
366,000 6P,o 3996/4 1so.s 146,2 74,0 3773/4 186,8 •44,9 
367,000 68,0 3995/4 1s1.1 147,o 74,0 3772/4 187,4 "'44 ,4 
36a.oi>o 66,S 3999/4 148,6 144,3 74,7 37715/4 185,7 •46,0 
369,000 66 0 5 4000/4 148,0 144,0 1~.s 31''77 /4 184,S •4t • 7 
370,000 65,7 2001/2 146,8 142,S 74,7 37Pn/4 182,7 -4e,9 
371,ooo 67.2 200112 146,8 142,4 7 6 • 3 371!014 182,7 ~4c; • 0 
31s.ooo h6.S 2n04/2 143.0 13e.2 74.7 37ll4/4 1eo.4 9'~''. 0 
385,ooo 66,5 2004/2 143•() 137,l 7 c;. c; 37P'5/4 179,8 -.53 .6 
392,000 66.S 2006/2 140,6 135,0 7&;,S 3?!; l /4 176,3 "'·Sf:, 1 
'+20,000 1;5,7 2010/2 135,6 128,6 74,0 3Ar2/li 169,8 -t",7 
440,000 65,7 2011/2 134,3 126,8 74o0 3Ar214 169,8 •f 4 ,6 

* CREEP STRAIF\ = TOTAL STRAIN• ELASTIC STRAIN• AVERAGE SHRJl\l<AGE STRAIN Al lI~E 
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STRAIN ANO TE~PERAT'liRE DAU AFTER LOAI'' J·"G 

SPECIME" R•42 

AXIAL STRESS 1200 PSI AXIAL ELASTIC ST~Al" .. 4.3 MICRO•UNIH 
RAOUL STRESS 2400 PSI RADIAL ELASTIC SlRAl" 262•2 MICRO .. UNITS 
lEST TEMPERATURE 75 F TEST MOISTURE AIR OFIY 

AXIAL GAGE RADIAL Gi\GE 

TIME TE'1P READ/DIV TOT STRAIN CFIEEP* TEMP REAC/OIV TOT STRAII\ CHEP• 
<DAYSI IF) (FREQ) IMIC•UNITS) IMIC•llNITS> IF) IF~F:Gl IMIC•UNITS) IMIC•LNITSI 

0.000 72.5 3851/4 o.o o.o 68.8 20,212 o.o C•O 
0.000 12.5 3858/4 .. 4.2 .1 6808 371214 '263.0 .e 

.125 72.5 3852/4 -.6 3.7 68.8 36P0/4 28lo4 19 .3 

.250 71.7 3833/4 10.7 1,5 .4 68.0 36P.6/4 277.9 1·5 • 7 

.500 11.1 3658/4 112.J 116.5 68.o 37r8l4 265.J ·2 .s 

.917 71.7 3563/4 165.S 169.5 6e.o 3709/4 264.7 1.6 
2.000 12.s 3533/4 102.0 186.7 ,68.8 36Pl/4 2eo.e 1-E. 5 
3.063 71. 7 3499/4 200.s 204 08 68.8 3644/4 ,301. 8 :36 .1 
4.o5o 71. 7 3488/4 206.5 212.5 68 0 A 3(:d0/4 ,309. 7 44.l 
4.917 71. 7 3478/4 211.9 21e.2 68 08 36,2/4 :319 .s ,53 .1 
5 0958 71. 7 3491/4 204.e 212 05 68.0 36:!2/4 308.6 4·2 .4 
1.013 12.5 3500/4 200.0 20806 6ci 0s 3616/4 306.3 .Jc; oe 

140129 o.o 3747/4 61.2 71.4 I). 0 3fii7/4 ,317 .o ,41! .2 
20.971 71.7 3603/4 143.3 1s6.o 69.5 35)7/4 ,37203 100o4 
27.950 73•2 3528/4 1840? 198 •3 6808 35P.6l4 334,3 ,5c; •3 
55.908 7302 3515/4 191•8 210.9 6808 3c:;?t,/4 :36704 .e.e. o 
83o90@ 72 05 3515/4 19108 21406 68 0A 35()5/4 378.8 ·97 o6 

111,908 73.2 3514/4 192.4 220 05 70.2 34~]/4 .386,4 10506 
1390929 74.o 3511/4 194,0 224.6 69.5 34P0/4 :39203 111 •9 
1680000 74oO 3515/4 191.8 22s.o 6Qo5 34P4/4 ,39o•2 llo .e 
196.000 73.2 3522/4 188.0 22·3. 7 6808 34P7/4 ,38806 110 .o 
224.000 72,5 3522/4 188.o 224.4 69.5 3483/4 ,390, 7 111.s 
252,000 75.5 3515/4 191.8 22e.2 69,S 346714 ,399 .3 119 .9 
280.000 75,S 3512/4 193.4 231.4 69.5 341119/4 ,403,6 1·24 .9 
308.000 77.7 3508/4 195.6 233,6 69.s 34~2/4 407.4 li:7 ,4 
336.000 74.7 3511/4 194.0 232,8 n .o 341112/4 407.4 121.1 

-364.ooo 74.0 3511/4 194.o 233.3 69 0 5 3449/4 409,0 1'2·9 • 0 
3640000 74.o 3781/4 41.4 eo.1 6Q,S 384114 187,5 •92,4 
364,130 74,0 3771/4 47.3 86,5 6Q.S 3R~Ol4 182.1 .. en.a 
364,250 74,0 3769/4 48.4 87.7 70,2 38•114 181.5 -c;:e .4 
364.500 74,0 3768/4 49.o ee.3 7g,2 38!214 180,9 •99.0 
365.ooo 74.7 3766/4 so.2 0c;.4 71.0 3R•2/4 180o9 .. 91;,o 
366.000 74.7 3770/4 47.8 ·e6.9 71,0 3B•U4 178,6 -101,4 
367,000 74.7 3768/4 49.0 se.2 71,0 38••14 179,2 -101.0 
368.000 74,0 3770/4 47.8 87 .2 70,2 388.9/4 176,8 -102.9 
369,000 74. 7 3771/4 47.J 87 .o 70,2 38111/4 175,6 •lC,4 .o 
3·70, 000 74,7 3773/4 46.i 85,7 7ii,2 3R~4/4 173.8 •105 ,9 
371,000 74,7 3774/4 45.5 8503 71,0 38~!!/4 173,2 -106,4 
31a.ooo 74,0 3777/4 43.7 83,8 10.2 3R70/4 170,2 -109 .6 
385,000 74,7 3776/4 44.J 84,1 70.2 3P7Q/4 110.2 -110,2 
392,000 74,0 3781/4 4lo4 81,6 70,2 3R76/4 166,6 -a~,1 
420,000 73.2 3790/4 36,1 76,7 70,2 38!.l!!/4 161,2 -n9.5 
448.000 73,2 3793/4 34,4 75.9 70.2 38P714 160.0 •11'9,6 

* CREEP STRAIN• TOTAL STRAIN • ELASTIC STRIIIN • AVERAGE SHRTf\lOEE STRAI.N Al Tl~E 
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STRAIN ANO TE~PERIITl.:RE DATA AFTER LOacI,I\G 

SPECIMEN c-6 

AXIAL STRESS -o PSI AXIAL ELASTIC ST~All\ -o.o MICRO•UNITS 
RADIAL STRESS -o PSI RADIAL ELASTIC STRAll\ -o.o MICRO•UNilS 
TEST TEMPERATURE 75 F TEST MOISTURE AIR OFIY 

AXIAL GAGE RAO I At GAGE 

TIME TEMP READ/DIV TOT STRAIN CREEP• TEMP REAUOIV TOT STRAll\ CF<EEP• 
WAYS> IF) (FREQ> IMIC•UNITSl IMIC•lJNITSl (Fl (Ff:<EQl (MlC•UNITSl IMIC•LNITS) 

0,000 70,2 3B16/4 o.o o.o 73,2 39re/4 0,0 o,o 
,271 70,2 3816/4 o.o o.o 73,2 3901!/4 o.o 0,0 

1,017 70,2 3816/4 O,,Q o.o 7~.2 39rB/4 0,0 o.o 
2,ooe 71,0 3!!16/4 o.o o.o 74,0 3(106/4 1,2 c,o 
2,967 70,2 3817/4 •,6 o.o 74,0 39r6/4 1,2 o,o 
4,012 70,2 3821/4 .. 3.0 o.o 74.0 391)4/.4 2,4 0,0 
5.ooo 70,2 3822/4 .3.~ o.o 73,2 39c4/4 2,4 o,o 
6.000 70,2 3822/4 .3,6 o.o 74,0 3q~4/4 2,4 o.o 
7,167 69,5 3826/4 .5,9 o.o 73,2 39('5/4 1,8 0,0 

14.05B 68.e 3834/4 •10,7 0,0 73,2 30('5/4 1,B 0,0 
21,05P 69,5 3934/4 •10,7 o.o 73,2 3R«H,/4 7,3 o,o 
28,017 69,5 3834/4 -10,7 o.o 73,2 381;2/4 9,7 o,o 
56,000 71,0 3841/4 -i4,8 o.o 75,5 3Rp4/4 14,5 0,0 
84,146 71. 7 3844/4 -16,6 o.o 76,3 3e;c;14 17,5 0,0 

111,1§1 70,2 3855/4 -23,2 0,0 74, 7 3Afl2/4 15,7 o.o 
140,2~2 70,2 3862/4 •27,4 0,0 74,n 38P.5/4 13,9 0,0 
167,979 71.0 3862/4 •27,4 o.o 75,S 38e2/4 15,7 o.o 
195,983 69,5 3871/4 •32,8 o.o 73,2 3Pt;0/4 10,9 0,0 
224,062 70,2 3971/4 •32,8 o.o 74,0 38P.5/4 13,9 0,0 
252,000 70,2 3870/4 ... 32,2 o.o 74,0 3Afl4/4 14,5 0,0 
280,000 70,2 3870/4 -32,2 o.o 74,0 3AP5/4 13,9 0,0 
3os.ooo 70,2 3870/4 .32.2 o.o 1~.o 3Afl5/4 13,9 o.o 
336,090 71, 7 3869/4 -31,6 o.o 77,0 3AP.l/4 16,3 0,0 

•364,000 71,0 3871/4 •32,8 o.o 76,3 38111/4 16,3 0,0 
364,000 71,0 387'1/4 ·32,8 0,0 76,3 3AP 1/4 16,3 o.o 
365,000 71,0 3870/4 •32,2 o.o 76.3 38P.1/4 16,3 o,o 
366,000 71,0 3870/4 -32,2 o.o 76,3 3AP. l/il 16,3 o.o 
367,000 71,0 3870/4 •32,2 o.o 76,3 38111/4 16,3 o,o 
368,000 71,0 3870/4 •32,2 o.o 77,0 3APl/il 16,3 0,0 
369,000 71,0 3870/4 ... 32,2 o.o 77,0 3BP2/4 15,7 0,0 
370,000 71,0 3B70/4 •32,2 0,0 77,0 3AP1/4 16,3 0,0 
371. ooo 71,o 3870/4 •32•2 0,0 77,o 381:1(1/4 16.9 O•O 
378.000 71,0 3866/4 •29,8 0,0 77,0 387@/II 18.1 0,0 
385,000 71,0 3867/4 •30,4 0,0 77,0 38,jf.l/4 18,1 0,0 
392,000 71,0 3870/4 -32,2 0,0 75,!5 3APO/II H,.9 o.o 
420,000 11.0 3866/4 •29,8 o.o 75,!5 311'H/4 19.3 o.o 
448,000 n .o 3869/4 •31,6 o.o 75,S 3877/11 18.7 0,0 

* CREEP STRAIN• TOTAL STRAIN• ELASTIC STRAIN .. AVERAGE SHRJt\l<A•GE STRAIN AT Tlt,1E 



365 

STRAIN ANO TF.t<PERATliAE DATA AF'TER Ln~rll\C,: 

SPECit1E11: c-ll 

AXIAL STRESS 2400 PSI AXIAL ELASTIC STi::AII\ 331,5 MI CAO•UN IlS 
RADIAL STRESS 600 PSI RADIAL ELASTIC SlAAT.I\ -20.0 MICAO•UNITS 
TEST TF.MPERATURE 7S F TEST MOISTURE AIR DAY 

AXIAL GAGE AAOJAt GAH 

TIME THP READ/DIV TOT STRAIN CREEP* TEMP AEAr/CT\/ TOT STRAII\ Cl<EEP* 
toAYSl (Fl (FREQ) (MIC•UNITSl (M IC•lil\ ITS l (F) IFS::E<l > (MlC•UNITSl IMIC.,.LNITS) 

0,000 75,5 3773/4 0,0 0,0 62,0 38" 0 /q o.o o, 0 
0.000 75,5 3154/4 332,3 ,8 62,0 3PPC:/q -21.0 ·•lo 0 

,125 75,5 3()88/4 364,2 32 ,8 62,0 38PJ/q •19,8 ,3 
,250 75,5 3070/4 372,8 41,8 62,0 3PPO/q -10.0 '2, 0 
,500 74,0 3047/4 383,7 52,2 63,5 3fl77/4 •H,,2 ,3, 3 

1,000 74,7 3025/4 394,l 62,4 62,0 3P70/4 •12,0 7,1 
2,000 74,7 2991/4 409,9 78,9 62,0 38i'2/4 .7,2 10,8 
3,000 74,0 2897/4 452,8 121,4 62,0 3P'70/q -12.0 4,5 
4,042 75,5 2857/4 470,7 141,0 62,0 3Pf'6/4 •9,6 7,1 
5,000 74,7 2840/4 478,2 14S,7 62,0 38!&(1/4 •6,0 ,c; ,6 
6,000 74,7 2A20/4 486,9 158,8 62,0 38t:9/4 •5,4 10,6 
7,208 74,7 2835/4 480,4 153,3 62,0 3P19/4 6,6 22,3 

14,167 74,0 2820/4 486,9 161,4 f: 1,3 3P:t!:/4 8,9 22•4 
21,146 75,5 2777/4 505•6 182,6 6i',3 3P~4/q 15,5 2!': .e 
27,979 75,5 2670/4 550,8 228,7 6},3 3P14/4 9,5 lE, 7 
55,979 76,3 2574/4 589,A 273,0 63,5 3Pi;6/4 14,3 17, l 
84,141\ 77,o 2'i24/4 609,5 296,5 63,5 3P~4/4 9,5 10,5 

111,958 76,3 2476/4 628,l 320.5 63,5 3842/4 4,8 .f, 2 
140,229 75,5 2437/4 643,o 337,9 62,7 3P47/4 1,8 ;3 ,5 
168,000 76,3 2413/4 652,0 349,5 63,5 38•0/4 0,0 2,a 
196,ooo 74,7 2407/4 654,2 354,2 6?,0 3Rt:4/4 -2,4 1.2 
224,000 74,7 2381/4 663,9 364,6 63.s 3Pfl0/4 •6,0 -:3 • 0 
252,000 74,7 2354/4 673,8 374,4 63,5 3f!C:7/4 •4,2 •1,4 
280,000 75,5 2343/4 677,8 380,0 63,c; 3Pll0/4 •6,0 •2,5 
308,000 75,5 2324/4 684,7 3e1.o 63,r; 3864/4 •8,4 •6,1 
336,~oo 74,0 2316/4 687,6 390,6 64.2 3Pf3/4 -7,8 -!': .3 

-364,000 77,0 2300/4 693,3 396,8 64,2 3P"7/4 ·• l O, 2 ..;7 ,9 
364,000 77,0 3203/4 308,2 ll. 7 64.2 3Pi.U4 4,8 '7, 0 
364,125 77,0 3235/4 292.2 -4.2 64,2 3!145/4 3,0 ,!': ,3 
364,250 77 .o 3?.40/4 289,7 -6,8 64,2 384~/4 3,0 ,!':. 3 
364,Soo 77,0 3245/4 287,2 -9,3 64.2 3P6!':/4 3.0 ,!: • 3 
365,000 11.0 3251/4 284,2 -12,4 64.2 3844/4 3,6 !: .a 
366,000 11.0 3264/4 277,6 -19.1 64,2 3PA6/4 2,4 4,7 
367.000 77 ,0 3269/4 275,l -21.s 64,2 3P46/4 2,4 4,4 
368,000 77,0 3273/4 273,o •23.3 64,2 3Ptil:/4 2.4 ",9 
369.000 77 .o 3278/4 270,5 •25.5 64.2 3867/4 1,8 4,4 
370,000 76,3 3280/4 269,5 •26,7 64.2 3P47/4 1.0 4 ,3 
371,000 76,3 3284/4 267,4 -2e.5 64,2 3Pii9/4 ,6 ,3, 3 
378,000 76,3 3?.96/4 261,3 •34,4 6c;,o 3P6P/4 1,2 ,3 .6 
385,000 76.3 3309/4 254,7 •41.3 65,0 3PC:(1/4 o.o 1.e 
392,000 76.3 3320/4 249,0 •46,5 65,0 3PC:q/4 •2,4 •• 5 
420,000 1s.5 3343/4 237,l •5@.o 62.7 3pc:111i •4,2 -2.7 
448,000 88,2 3357/4 229,9 •64,3 64.2 3Pt:9/4 -5.4 •2 .a 

* CREEP STRAir,, = TOTAL STRAIN • ELASTIC STRAI111 • AIIERAGE SHAJl\l<AH STRAIN AT Tlt-AE 



366 

STRAIN AND TFIIIPERATl.PE DATA AFTER LO~ C J,I\ t; 

SPECitJEI\ c-12 

AXIAL STRESS 1200 PSI AXIAL ELASTIC STPAII\ 77o4 MICRO•UNllS 
F.ADIAL STRESr:; 1200 PSI RADIAL ELASTIC C:TRA ti\ 9So2 MICRO•uNITS 
TFST TFtJPEPATURE 150 F TEST MOISTURE AS CAST 

All I AL GAGE A An I AL GA,(:E 

TIME lEtJP REAO/OyV TOT STRAIN CREFP* lF'MP REAUCt\/ TOT STRAII\ CPEEP• 
1DAYS1 (Fl (FREQ) (MIC•UN!TS) (MIC•Lr-.IfS) cF) cFHQ) (MIC•UNITS) (tJIC•LNITS) 

OoOOO 14g.o 2nl3/2 OoO o.o 153 .r:; 37P7/4 OoO OoO 
o.ovo 14g.o 3g00/4 77o4 ·oo 1530 S 3t.?1/4 95o3 • 1 

.042 149.0 3pg6/4 7908 3.7 153.5 36h/4 10301 e.9 
o2!:io 149.0 3859/4 102;1 26 .o 15 3 .c; 3r:;,- 0/4 129.3 .34 • 7 
.soo 1so.s 3R58/4 10206 25.9 1s2.1 3554/4 132.6 .3e. o 
.988 1soos 3A5l/4 10608 30.6 153.S 356!'/4 137.S 44.8 

lo9R8 149.0 3R49/4 1osoo 36 .6 1s3.c; 35;914 140.8 ,!:?. .6 
2.987 149.0 3841/4 11208 4109 153 0 5 35~ ;,/4 14406 .55 .0 
40021 l4<l.7 3R42/4 112.2 42o7 153.S 35?5/4 148.5 f}oS 
s.ooo 149.7 3834/4 11700 48 .6 155.1) 3515/4 153.9 .f:e .4 
60000 1 c;o .s 3R30/4 ll 9o3 Slo6 lsi:;. o 3i:;; 0/4 156.6 n.s 
701ee 148.2 3832/4 11 l:l o l 5s.1 153.c; 35,7/4 147.4 6fo4 

\40000 149.0 3823/4 12305 64o<l 15~ 0 r:; 3r:;~f/4 1s000 e1.5 
21.000 1so.s 3804/4 13407 77 .1 15'5.0 30 3 /4 171.3 97 oO 
27 095FI 149.7 3812/4 130.0 7,5 • 1 153.5 34PE!/4 168.6 97.8 
ss.9c;e 149.0 3798/4 13803 96.4 153 .o; 3473/4 176. 7 119 .6 
A4 .104 1'31.2 3767/4 15604 112.4 15'5.7 3454/4 186.9 129.0 

1110979 148.2 3786/4 145.3 101.g 153.S 3453/4 187.4 L:l l. 5 
140.20P. l4<l.O 3783/4 147.1 102.0 15~.5 34.:?:3/4 198ol 144, 1 
160.000 149.o 3797/4 13808 93 0 @ 153 0 5 34it,/4 201.1 155 .4 
196.ooo 147 0 5 3797/4 13808 94.1 15?.o 331:17 /4 222.4 111 .3 
224.000 147 0 S 3791/4 142.4 97.s 1s1.2 3341/4 246.4 197 ,6 
2s20000 148.2 3794/4 14006 92.2 15?.7 32~(1/4 317 .9 26(' • 7 
200.000 148.2 3762/4 15903 112 .2 15?. o fl/ 0 o.o n. o 
300.000 147.5 3741/4 17106 124.4 15?.n (1/0 o.o c.o 
336.ooo 149.o 3~98/4 19f>o3 149.e 153.r:; (I/ 0 O•O O•O 

•364.000 l4<l.O 3700/4 195,2 146.7 l so·" (1/0 o.o o.o 
364.000 149.0 3942/4 5lo9 3.4 ls~ .c; 0/0 o.o 0,0 
364.125 149.0 3<l53/4 45,1 -3.3 15 O .c; (l/ 0 o.o c.o 
364.250 149 • 0 3953/4 45ol •3.3 15 o .5 0/0 o.o o .o 
364.000 149.0 3955/4 43.9 -4.s 15 n .r:; 0/0 o.o o.o 
365.ooo 149.0 3956/4 43.3 -s.2 1so.s 0/0 o.o o.o 
3660000 149.0 3960/4 4008 -7.6 l 5 0 .s (1/0 o.o o.o 
3670000 149.o 3%2/4 39.6 -S 0 A lS ii .r:; 0/0 o.o r,o 
368,ooo 149.0 3963/4 39.0 -9.s lSo.c; 0/0 o.o o.o 
369,000 149.o 3964/4 38o4 -10.1 15 O • c; 0/0 o.o c.o 
3700000 149.o 3964/4 38o4 -10.1 149.7 (1/0 o.o C•O 
371,000 149.0 3968/4 35.9 -12.5 14g.7 0/0 o.o o.o 
3780000 149.0 3972/4 33.5 -15.o l49o7 0/0 o.o o.o 
3A5oooo 149.0 3978/4 29.8 -is. 7 149.7 0/0 o.o o.o 
3920000 148.2 3981/4 27o9 -19.g 149. n 11/0 o.o c.o 
4200000 147.S 3<l90/4 22o4 -26.1 1s,.2 0/0 o.o o.o 
4480000 147.S 3<l97/4 i8o0 -29.2 1s2.o (1/0 o.o c.o 

• CREEP STRII Ir-. :: TOTAL STRATN • ELASTIC STRAtN • AVER ME SHRTt\l<AH STRAIN AT lltJE 
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STRAIN ANO TFIIPERATlJRE DATA AFTER LOoCll\Cl 

SPECI~EI\: C•16 

.AXIAi. STRE'SS 1200 PSI .AXIAL ELASTIC STi:;AJI\ 57.9 MICRC•UNit5 
RADIAL STRESS 1200 PSI RADIAL ELASTIC !;TR.A TJ\ i27•5 MICRO-UNIT! 
TEST TEMPERATURE 75 F TEST MOISTURE AS CAST 

AXIAL GAGE RAO I Al U•GE 

TIME TEMP FIEAO/OjV TOT STRAIN CREEP* TEMP REAC/Ctll TOT STRAIII. Cf:EEP• 
<DAYS> CF> (FREQ'> CMIC•UNITS> CM I C•lJN ITS l (F') iFi.FC> (MIC•UNilSl (MIC•LNITSl 

OoOOO 74o0 2076/2 OoO o.o 64o2 20~ 7 /2 OoO OoO 
OoOOO 74.0 4/)61/4 57o9 .o 64.2 39H/4 12105 .o 

0067 74.0 4035/4 74o2 16.3 o.o 39j514 130.5 '2 • 7 
o25o 74.0 3F!52/4 186ol 12,8 • 2 64.2 2oc;c;12 •41.3 •H·9.o 
.soo 11. 0 3843/4 19105 133,0 63.5 21r.l/2 -4309 •1'71,9 

1.000 74.0 3834/4 19608 131!.o 63.5 21r212 --45.2 ... 1·7,3.3 
2.000 73.2 3825/4 202o2 143,l 63.5 21r,3/2 •46o5 -n.5 oO 
3,000 73.2 3Rl7/4 20609 14 7 • 9 63.5 21ii312 •46,5 •17,!! .s 
4.042 74.0 3813/4 209o3 1so.2 63.'5 21r312 •46,5 •17,!!,l 
5,000 73.2 3810/4 211 oO 151.9 63.5 21;,412 ·•4708 •llEoS 
60000 73.2 3808/4 2i2o2 153.7 63.5 21 r5/2 •49ol •177,0 
7ol92 73.2 31318/4 20603 148.5 63.5 21r212 -•45o2 •17,3 .3 

14,046 72.S 3806/4 21304 156,2 63.5 21r612 -5o,5 -ne.1 
21,004 73.2 3795/4 21909 161.9 63,5 21 ii712 ·-51 ,a •179,6 
270988 74,7 3785/4 22507 168.o 64.2 21rs12 •49ol •177 .s 
55,987 74.7 3756/4 24207 184.2 65.0 21c912 -54,4 •1P2 .5 
840133 74.7 3738/4 25302 194,7 65,7 2i t (1/2 ... 55, 7 •1£14.2 

111,967 74,7 3728/4 258,9 200,9 65,0 2115/2 -62,2 -1·9o .1 
140,237 74,7 3718/4 264,7 206 .o 64,2 2\16/2 --63,5 •19·2, l 
1680000 74.7 3713/4 26706 209.2 6i;.n 2lil!/2 •6602 •19,!! .1 
196,000 73o2 3111/4 26807 20@08 63.5 21'20/2 ·•6808 •He.3 
224,000 74.0 3703/4 27303 211,6 64,2 211912 ·•67,5 • l:99, 0 
252,000 74. 7 3693/4 279ol 21,5,2 es.o 2119/2 •67o5 •20<,,5 
280,000 74,7 3667/4 293,9 228,9 es.o 21n12 .• 7 0 o l •2n4,6 
3080000 74o7 3687/4 28205 21507 65.o 2119/2 ·•67o5 •204 .3 
336,000 76,3 3684/4 284,2 21-5.6 66.S 2118/2 ·•66.2 -204 .8 

-364,000 78.S 3681/4 28509 216,2 es.n 2ii9n •67,5 •207,2 
364,000 78,5 3962/4 119,5 49.7 6B,O 20F.f./2 •24,5 •164,2 
3640125 78 0 5 3970/4 li4o6 44 0 8 68,0 2!ill3/2 •2006 •lEO o3 
3640250 77 00 3970/4 11406 4408 66,S 261:13/2 -20,6 •lEO o3 
3640494 77,0 3972/4 113,3 43,6 66,5 20F3/2 -2006 •lEO .3 
365,000 77 .o 3972/4 113,3 ~3.5 67,2 2(1111/? -18,0 •l!:7 .9 
366,000 77,o 3975/4 111,5 41,4 67.2 2QP0/2 •16,7 •1!!6,8 
3670000 76.3 3976/4 llOo9 40.9 66 0 5 20~0/2 ·•16o 7 •L!:,609 
368 0000 76.3 3978/4 10906 J9,5 66 0 5 261l(l/2 -1607 •L!E, 7 
369.ooo 76,3 3980/4 1(1804 3S.6 66,5· 2!ill0/2 -16,7 •L!E ,2 
3700000 77,o 3980/4 108,4 38,3 67,2 2011012 •16•7 .. l,Sh7 
371,000 77,0 3982/4 107,2 37.0 67.2 2Qenn •16,7 .. 1.se. 1 
378 0000 11.0 3982/4 107 o2 36,5 6R 0 0 201812 -14ol .. 1,5.4 ,8 
3850000 76.3 3990/4 10202 30o4 66.'5 2n1612 •11,6 •L!S3o2 
3920000 75,5 3994/4 99o7 2S,4 65,7 2017 /2 .!" 12,8 •l,!! 4 • 1 
4200000 74,0 4000/4 9600 23.2 65,0 20:;sn •lOo3 •l,!3 .1 
448,000 74.7 200212 93o5 20,2 65,0 2074/2 ·9,0 • L!! l. 7 

• CREEP STRAH-. : TOTAL STRAIN • ELASTIC STRAIN .. AVERAGE SHFITt<l<oClE !Hl<AIN H TI11E 



368 

STRAIN ANO TnPERATLRE DATA AFTER LOiiCll\€ 

.SPECI~EN C•\7 

AXIAL STRESS 1200 PSt AXIAL ELASTIC ST~Afl\ 74.6 MICRO•UNIH 
RADIAL STRESS 1200 PSI RADIAL ELASTIC STRAJI\ 100.9 M tCRO•UN 115 
TEST TEMPERATURE 75 F TEST MOISTURE AIR DRY 

AXIAL GAGE RADIAL GA<=E 

TIME TE~P FlEAD/DI\I TOT STRAIN CREEP• TEMP REAC/CJ\I TOT STRAII\ CHEP• 
(DAYS> IF> (FREQ> IMIC•UNITS) 041C•l.NITS> IF) IF~ECl > (MIC•UNITSl (~lC•LNITSl 

0.000 65.o 3879/4 o.o o.o 74.7 3811:7/4 o.o O•O 
0.000 65e0 375214 75•1 .5 74,7 3f,f414 lOlol o2 

.o67 6500 3732/4 86.7 12,1 74.7 3677/4 105,1 .4 o3 
o2So 65o0 3716/4 95.9 21.7 74o7 36f714 11008 ·9 o9 
.soo 67.2 3707/4 101.1 26,4 74,7 3ff7~/4 10602 4.8 

1,000 65.o 3700/4 1os.1 30,3 74,7 3(,1!5/4 100.s •lo3 
2.000 64,2 3696/4 107,4 33o2 74,7 3f,P(l,#1 10304 o4 
3.000 64o2 3694/4 108.6 33.9 7~.7 367fl/4 104.5 ol 
40042 65.o 3693/4 109.2 36 ,3 7 '5 0 '! 36"7114 1oeos 4o3 
s.ooo 65oO 3693/4 109,2 36.6 74,7 36E@/4 110,2 408 
6,000 64•2 3693/4 10902 37,9 74,7 36f614 ll 1 o4 .f o 5 
7,221 6500 3705/4 102.3 32,0 74,7 36f 1/4 114.2 ·9 oO 

14,054 64.2 3710/4 99.4 30,7 73o2 3647/4 122ol 1406 
21•033 6s, 0 3711/4 98,8 32,7 75,5 3fiitn14 126•1 1,5 •S 
29.012 6!S.0 3717/4 95.4 30.1 7Se'! 3r,:;i 9/4 126.6 1'2 0 9 
55,987 65,7 3752/4 75.i l·S ,2 76.3 36C3/4 118, 7 ,6 
84.142 66.5 3761/4 69.9 1,3 • 7 11.n 3f,.4 n/4 12601 ,E o2 

111.921 65o7 3764/4 68,l 17, 3 76,3 36::i'.!/4 130,0 1Co5 
140,192 65o7 3760/4 10.5 22,2 75,!! 36;6/4 139,6 ·20 ,4 
168,ooo 65,0 3756/4 72,8 27, 1 76,3 3,-;n14 142,9 '2·4 0 9 
196,0QO 65o7 3757/4 12.2 29,o 74o7 3(,~1/4 I4B.o .~o o 7 
224,000 65,0 3753/4 14,5 32,l 7c;,5 3,,rv• 144 .1 ·2f o 1 
252,000 65,7 3746/4 78,6 36, 1 77,n 3a;cinl4 154,1 ,J!; o9 
2ao.ooo 65,7 3722/4 92o!i 51,5 76,3 3Sll7/4 1ss.e ,3,1! o4 
3oe.ooo 66,5 3749/4 76,9 36.o 76,3 3"illll4 lSC',lol ·40 o4 
336,000 6B.o 3756/4 72.8 32.7 77o7 3S7'.! /4 163.S 4!:',l 

-364,000 67.2 3753/4 74,5 34,9 e202 3S73l4 163,5 44,9 
364,000 67,2 3872/4 4.2 •35,4 e202 3740/ili 68,9 -4·9 ,8 
364,125 67,2 3883/4 -2.4 •42,0 e202 3'! 4 e /4 64o2 .. !;4 o4 
364,250 "a 08 3884/4 •3,0 •42,6 77,7 37•n/4 63,1 .. 5!; 06 
364,500 68,8 3885/4 .3.6 -43,2 7?,7 37cu4 6lo9 •.!;f o 7 
365,000 68 08 3884/4 .3.0 -42,7 77o7 37i:01• 63ol .. 55 06 
366,000 68.B 3886/4 •4,2 •44,0 7"f O 7 37!=014 63,1 "'I!;,!; .s 
367,000 6808 3887/4 ,.4,8 •44,5 77,7 37!:Yili 6).3 "'1!;7.5 
368,ooo 67,2 3888/4 .s.4 -44,9 7"f, 7 3711:3/4 61.3 .. !;7, 1 
369.000 67,2 3890/4 .6,6 •45,B 7?.7 371:c:14 60o2 .. !:e .1 
370,000 68 08 3889/4 .6,0 •4"5,3 77,7 3711:4/4 60,8 .. !:'7,6 
3710000 &e.e 3890/4 .6,6 .45,7 77,7 37cc:14 6Qo2 .. !;I! o l 
378,000 6808 3892/4 •7,8 •46,7 77o7 371:u4 59.6 -,!:fl ,9 
385,000 66,5 3894/4 •9eO •4,8,2 77o0 37.f 014 57,3 -.f \ o 9 
392,000 67,2 3897/4 •10,8 •49,5 77, 7 371'3/4 55o5 •6.3 .s 
420.000 66,5 3Cl01/4 -i3.~ •51,6 76,3 37Hl4 5308 .. 6506 
448,000 65o7 3906/4 •16o3 •53,6 71,n 37,r.g/4 s2.o •H,3 

• CREEP !;TRAll\ • TOTAL STRAIN• ELASTIC STRAIN • AVERAGE SHRJl\l<AH STRAIN AT Tl~E 



369 

STRAIN AND TEMPERATURE OATA AFTFR LOADING 

SPECIMEN c .. 23 

AXIAL STRl":SS 2400 PSI AXIAL ELASTIC STRAIN 282.5 MICRO•UNYTS 
RADIAL STRESS 600 PSI RADIAL FLASTIC STRAIN •10•4 MICRO•UNITS 
TEST TEMPFRATURE 75 F TEST MOISTURE AS CAST 

AXIAL AAGE RADIAL GAGE 

TIME TEMP READ/DIV TOT STRAJN CRFEP* TEMP READ/DIV TOT STRAtN CRl!'EP* 
(DAYS> (Fl (FREQ) (MIC•UNITS) (MIC•IJNITS) CF) (FREQ) (MIC•UNITS) (MIC-UNITS) 

0.000 74.0 2030/2 o.o n.o 73.2 2083/2 o.o OoO 
0.000 74o0 3<;83/4 202.s .o 73.2 2091/2 •l0o4 .o 

.125 74.0 3542/4 305,2 2i'•6 73,2 2087/2 •502 4,9 

.250 74o0 3534/4 309.6 21.0 73.2 2086/2 •3,9 603 

.5oo 74o0 3520/4 317.2 34•1 74.0 2086/2 .. 3.9 fl:,. 1 
1,00-0 11,. 7 3c;1s1• 319,9 36,5 73.2 2084/2 •1,3 8,!5 
2.000 74o7 3c;o214 327,0 4'\.3 73.2 2085/2 •2,6 6.9 
3,000 74.7 3444/4 35812 7416 12.s 2090/2 •9.1 •ol 
40042 75.5 3430/4 365,7 8?,0 12.s 2092/2 .. 11.6 -2.3 
5.000 74.7 3426/4 367.8 84,l 72,5 2091/2 •10,4 •1.1 
6.000 74o7 3420/4 371.0 87,9 120s 2092/2 •11,6 •i.6 
7.208 7515 3475/4 341"6 59,2 73,2 2085/2 ·2,6 1.2 

14.042 73,2 3450/4 355,0 73,2 71,7 2092/2 -11.6 -2.0 
21.042 74.7 3431/4 365,2 8?.6 73,2 2093/2 •12,9 -~.9 
20.021 74,7 3368/4 398.4 116•0 73,2 2098/2 •19,4 -10.0 
55.983 76.3 3313/4 426.8 143•7 74.o 2094/2 0014.2 .. 4.5 
84.137 76.3 3267/4 450,3 167•2 74,7 2092/2 •11,6 -2.3 

1111971 75,5 3~31/4 468.4 1ec;,0 74,0 2094/2 •14,2 •4.2 
140,137 75,5 3?02/4 482.9 199,6 73.2 2094/2 •14,2 -4.9 
168.000 11o0 3184/4 491.8 2011.e 11.1 2094/2 •14.2 •5o3 
196.000 74,7 3179/4 494,3 20907 73o2 2096/2 •1618 -e.5 
224.000 74,7 3158/4 504.6 211112 73.2 2096/2 •16.8 -10.s 
252,000 74,7 3137/4 514.8 226,3 73.2 2095/2 •15o5 -1;;.1 
28-0,000 75,5 3135/4 515,8 226,2 73.2 2093/2 -12.9 •9o5 
3oe.ooo 75.5 3110/4 527.9 236•4 73,2 2093/2 -12.9 •11.9 
336,000 77,0 3104/4 530.e 237,5 74,7 2093/2 •12,9 .. 13.7 

-364,000 76.3 3093/4 536.l 241•7 75.5 2093/2 -12.9 •14.8 
364.000 76,3 3662/4 23fh2 -56•2 75.s 2079/2 5.2 3.3 
364.125 76.3 3M3/4 226,2 -6A•l 75.5 2077/2 1.1 5.9 
364.250 76.3 3683/4 226,2 •6Aol 75.c; 2076/2 9.o 1.2 
364.500 76.3 31,84/4 225.7 •6807 75,5 2076/2 9.o 1.2 
365.000 76.J 31'i86/4 224.S •69,9 75.S 2075/2 10.3 8.3 
366,000 76,3 3690/4 222.2 •7i'•4 75,5 2074/2 11.6 9,4 
3670000 76.3 3696/4 218,8 .. 71t.8 74.7 2075/2 10.3 A.l 
3680000 76,3 3697/4 210.2 •76,S 74,7 2074/2 llo6 9,5 
3690000 76.3 3700/4 21605 •77,9 74,7 2074/2 11,6 10,0 
370,000 76,3 3700/4 21605 •711•2 1sos 2074/2 1 le6 9o5 
3710000 76.3 3704/4 214,2 •8no6 75.5 2074/2 11,6 9.5 
3780000 76o3 3711 /4 210.2 •81§•1 75,S 2072/2 l4o2 11.4 
3850000 76,3 3720/4 205,0 •9l,4 74,7 2073/2 12o9 9o l 
3920000 75,S 3727/4 201.0 -9a;,o 74,0 2073/2 12,9 9o5 
420,000 75.5 3740/4 193,4 •104,0 73,2 2072/2 14.2 9o3 
448.000 75,5 3750/4 187.6 •110•3 89.o 2072/2 14,2 9,4 

* CREEP STRAIN• TOTAL STRAIN• ELASTIC STRAIN• AVERAGE SHRINKAGE STRA.IN AT TIME 



TIME 
(DAYS) 

0.000 
0.000 

.125 

.27': 
1.021 
2.021 
3.021 
4.063 
s.ooo 
6.000 
7.229 

14.063 
21.042 
28.000 
56.ooo 
84.154 

111. 975 
140.254 
167.97<l 
196.ooo 
224.ooo 
2s2.ooo 
280.000 
308.000 
336.ooo 

-364.000 
364.000 
365.000 
366.000 
367.ooo 
368.000 
369.000 
370.000 
371.ooo 
378.000 
30s.ooo 
392.000 
420.000 
448.000 

370 

STRAIN ANO TF"'PERAT~AE DATA AFTER LOorll\f 

SPECI!o'EI\ C-36 

AX I Al STAESS 
RADIAL STAESS 
TEST TE"'PEAATURE 

TEtJP 
(F) 

(). 0 
o.o 

1s1.2 
151.2 
1s1.2 
151.2 
1s1.2 
1s1.2 
l'.\1 • 2 
149.o 
}41l.? 
1s2.o 
1so.s 
149.7 
152.0 
148.2 
149.o 
148.2 
147.S 
145.2 
144.S 
147.5 
147.5 
149.o 
148.2 
148.2 
148.2 
148.2 
148.2 
148.2 
148.2 
148.2 
148.2 
148.2 
148.2 
146.7 
141.s 
148.2 

AXIAL GAGE 

AEAD/DTV 
(FAEQl 

3718/4 
0/0 
0/0 

3719/4 
3719/4 
3732/4 
3734/4 
3734/4 
3714/4 
3744/4 
3759/4 
3762/4 
3767/4 
3778/4 
3790/4 
3782/4 
3793/4 
3785/4 
3782/4 

0/0 
3784/4 
3769/4 
3764/4 
3761/4 
3756/4 
3752/4 
3752/4 
3751/4 
3751/4 
3752/4 
3752/4 
3752/4 
3751/4 
3750/4 
3749/4 
3749/4 
3750/4 
3743/4 
3739/4 

-0 PSI 
-o PSI 

150 F 

AXIAL ELASTIC STAAll\ 
AADtAL ELASTIC STRATI\ 
TE"ST MO I STllRE 

TOT STRAIN CREEP* TEMP 
(Fl 

AEAUCIV 
(FAEQl (MIC-UNITS) (MIC-~I\JT~l 

o.o 
o.o 
o.o 
-·.6 
-.6 

.e.1 
-9.2 
.9.2 
2.3 

-15.o 
-23.8 
-?5.5 
-28.4 
.34.9 
-41.9 
.31.2 
-43.7 
-39.o 
-37.2 

o.o 
-38.4 
-29.6 
-2fl.7 
-24.9 
-22.0 
-19.7 
-19.7 
-19.l 
-19.1 
-19.7 
-19.7 
-19.7 
-19.l 
-18.S 
-17.9 
-17.9 
.JB.5 
•14.5 
-12.1 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

147.S 
o.o o.o 

l4Fl .2 
148.2 
148.2 
148.2 
l4R.2 
149.0 
148.2 
146.o 
146.0 
149.0 
148 .2 
147.S 
149.0 
146 • ('I 
146.o 
148 0 :? 
146,0 
143,o 
*04.7 
14 ~.2 
14S.2 
146,7 
146.7 
146 • 7 
146,0 
146 .o 
141',.n 
146.0 
146 • 7 
146. n 
146.o 
146.7 
145.2 
144.s 
145.2 
144.S 

37/i~/4 
0/0 
()/0 

37/iS/4 
37r4/4 
37; 2/4 
37i2/4 
37i5/4 
37i6/4 
37j7/4 
37,P/4 
3?;:3/4 
37;(1/4 
37;6/4 
31;214 
31;214 
37:,4/4 

0/0 
0/0 
0/0 
0/1'\ 
Q/0 
0/0 
0/0 
0/0 
(1/0 
0/0 
0/11 
0/0 
r.10 
OIO 
(\/0 
('!/ 0 
11/0 
11/0 
0/0 
0/0 
0/0 
!l/0 

•OoO MICRO•UNIT5 
•O•O MICRO•UNIT5 

AIR ORY 

TOT STRAII\ CREEP• 
(MIC•UNITS) (MIC•LNITSl 

o.o 
o.o 
o.o 

.6 
1 • l 

-3.4 
-3.4 
-s.2 
-s.a 
-6.3 

-12.1 
.9.8 
.a.1 

-11.s 
.9.2 
.9.2 

-10.4 
o.o 
o.o 
o.o 
OoO 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

O•O 
o.o 
o.o 
o.o 
o.o 
o.o 
c.o 
c.o 
o.o 
o.o 
0,0 
o.o 
c,o 
0,0 
o.o 
0,0 
o.o 
o.o 
o.o 
c.o 
O•O 
O•O 
c.o 
~.o 
o.o 
C•O 
o.o 
o.o 
c.o 
c.o 
o.o 
o.o 
c.o 
o.o 
0,0 
o.o 
o.o 
o.o 
(). 0 

* CREEP STRAI~ = TOTAL STRAJN • ELASTIC STRAJN • AVERAGE SHRT~KAC,E ~TRAIN Al TI~E 



371 

STRAIN ANO TE!.,PERATltRE DATA AFTER LO~CN\!l 

,SPECI~Elli C•39 

AXIAL STRESS -o PSI AXIAL ELASTIC STt-AI"' •OeO MICRO•UNITS 
t-ADUL STRESS -o PSI RADIAL ELASTIC ST t- .6l"' •OoO MICRO•UNilS 
TEST TEMPERATURE 75 F TEST MOISTURE AS CAST 

AXIAL GAGE RAO I At. GA(!£ 

TIME TEMP REAO/OJV TOT STRAJN CREEP* TEMP REAC:/CJII TOT STRAII'< CF,EEP• 
(OAYSl (Fl (FREQ) (MIC-UNITS) (MIC•lit,;JTS) (Fl (FAF.Q) (MlC•UNITS) (MJC.;LNITSl 

0.000 74.0 2612/2 o.o o.o 7S,5 20c;4/2 o.o OoO 
0,000 0,0 010 o,o 0,0 0,0 010 0,0 o,o 

,125 0,0 0/0 0,0 o.o o.o 0/0 0,0 0,0 
,271 74,0 2012/2 o,o 0,0 74,7 20c;4/2 0,0 0,0 

1,021 75,5 2011/2 1,2 o.o 75,s 20'l4/2 0,0 o.o 
2,004 74,7 2012/2 o,o o.o 75,S 20C:4/2 o.o o,O 
2,971 74.7 2011/? 1,2 o.o 76,3 20C:3/2 le3 () ,0 
4,021 74,7 2012/2 o.o o.o 76,3 2oc;412 o.o 0,0 
5,063 74,0 2013/~ -1,2 o.o 75,S 20C:4/2 o.o (). 0 
6,000 74,0 2{113/~ -1.2 o.o 75,5 2oc;s12 •1,3 (). 0 
7,154 74,0 21!14/? .2.s o.o 74,7 2nc:S/2 -1.3 c.o 

14,071 73,2 2nl5/2 .3.7 o.o 74,() 20C:712 •3,9 0,0 
21.042 74,7 2613/2 -1.2 o.o 74.7 2oc;612 -2.6 OoO 
20.000 74,7 2012/2 o.o o.o 74.7 20C:512 -1.3 o.o 
56,000 76.3 2()09/2 3,7 o.o 7(,,3 20'l4/2 o.o o.o 
84,146 77,0 2006/2 7,5 0,0 77.o 20C:3/2 1,3 o.o 

112, 1'+6 75,S 2007/2 6,2 o.o 76,3 2oc;s12 -1.3 o,O 
140,237 74.7 2606/2 7,5 o.o 75,5 20c:6/2 -2.6 0,0 
167.979 75,5 2004/2 10,0 0,0 75,S 20C:4/2 o.o o.o 
196,000 75,5 2604/2 10.i, o.o 75,S 2oc;612 -2.6 (). 0 
224,000 74. 7 2002/2 12,4 o.o 76,3 20c;4/2 o.o (I. 0 
252,000 74,7 2000/2 i4,9 o.o 75,5 20c;4/2 o.o (I. 0 
280,000 75,S 3998/4 i6,2 o.o 7S,5 20(;2/2 2,6 o.o 
308,060 7S,5 3995/4 iB,o o.o '75,5 2oc;112 3,9 o.o 
336,000 77. 7 3990/4 21.1 o.o 77,7 20C:()/2 5,2 0,0 

•364.000 76,3 3990/4 21,l 0,0 77,() 26c; 0/2 5,2 o,o 
364,000 76,3 3990/4 21,1 o.o 77,o 2oc:on 5,2 O•O 
365,000 76,3 3989/4 21,7 0,0 77,0 20119/2 6,5 o.o 
366,000 76,3 3989/4 21,7 0,0 77,0 26119/2 6.5 0,0 
367.000 76,3 3()88/4 22,4 0,0 77,0 20119/2 6,5 O•O 
368,000 76,3 3988/4 22,4 0,0 77,0 26P9/i? 6,5 o,o 
369,000 76,3 3989/4 21,7 o.o 75,S 20c;0/2 5.2 C,0 
370,000 76,3 3989/4 21,7 o.o 7S,S 2oc;o12 5,2 (). 0 
371,000 75,5 3988/4 22,4 o,o 76,3 20«;()/2 5,2 o.o 
378,000 75.5 3985/4 24,2 0 .c 1s.s 26iiflt2 7,8 o.o 
385,000 11.0 3985/4 24,2 o.o 77,ll 20~fl/2 7,8 o.o 
392.000 76,3 3987/4 23.o o.o 77,7 2011912 6,5 o,o 
420,000 75,5 3982/4 26,1 o.o 77,0 20fil7/2 9,1 o.o 
440.oi>o 74,7 3983/4 25.4 o.o 75,5 20F712 9,1 o.o 

* CREEP STRAII'< • TOTAL STRAIN • ELASTIC STRIIIN • AVERAGE SHRT"'l<t>t;E STRAIN Al TIME 
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STRAIN AND TEIIPERATLRE DATA AFTER LO~r,11\,(: 

SPECil'IEf\l C•4l 

AXIAL STRESS -o PSI AXIAL ELASTIC ST1<AJI\ •OoO MICRO•UfllITS 
RADIAL STRESS -o PSI RADIAL ELASTIC STll/1 II\ •ooo MICRO•UNilS 
TEST TEMPERATURE 150 F TEST MOISTURE AS CAST 

AXIAL GAGE RADIAt G~<:E 

TIME TEt-'P REAO/OyV TOT STRAIN CREEP* TE'MP REAC/tJV TOT STRAII\ CF<EEP* 
(DAYS) (Fl (FREQ) (MIC-UNITS) (MIC•lH1iITS) (F) (Fl<EQ) (MIC•UNilS) (t-'IC .. LNITS) 

OoOOO 138.5 3968/4 OoO OoO 149.0 3R75/4 OoO CoO 
OoOOO o.o 0/0 OoO o.o OoO 0/0 o.o OoO 

0279 138.S 3968/4 0..oO o.o 14907 3R'75/4 OoO CoO 
lo021 l40o7 3968/4 OoO OoO 14907 3A'14/4 06 OoO 
20021 14007 3976/4 .4.9 o.o 14907 3Afil4/4 -s.4 c.o 
3.021 140.0 3976/4 -4o9 o.o 149.7 3Afl~/II -4.8 o.o 
40063 140.7 3978/4 -602 o.o 149.7 38(17/4 -7.2 o.o 
SoOOO 140.0 3980/4 -7o4 OoO 14907 3P.llf!/4 -1.8 o.o 
6.000 140.0 3982/4 -8,6 o.o 149.o 38t;0/4 -9.0 o.o 
7 .229 138 0 5 3994/4 -16,0 o.o 146,7 39r31• ·•16.9 0 o 0 

14.063 139.2 3994/4 -16,0 000 148.2 39()3/4 -16.9 o. 0 
21.062 1400 7 3994/4 -16.0 o.o 149.o 39~6/4 -18.7 o.o 
280021 140o0 4()00/4 •i9o8 OoO 149.o 39i6/4 ·•2408 OoO 
560000 13805 2903/2 •2305 OoO 14802 39;6/4 •3008 floO 
84ols• 14007 2000/2 •1908 OoO 14907 39~5/4 -30.2 o.o 

1110975 137.7 2003/2 .23 0 5 o.o 14600 39~7/4 .• 37 .s o.o 
140.254 137.7 200212 -22.2 o.o 14607 39j6/4 -36.9 o.o 
167,979 138.S 2003/2 •23,5 o.o 147 o!'i 39:i8/4 ·•3Bo l O•O 
}950983 13700 2005/2 -2600 OoO 14600 39jQ/4 •39.4 O•O 
2240000 134.0 2011/2 .. 33,4 OoO 143.8 39•0/4 •45 05 OoO 
2s20000 135.S 2008/2 -29.7 OoO 144.!5 394 2/4 •40.6 OoO 
208.000 135.S 2008/? -29,7 o.o 145.2 3941/4 •4000 o.o 
3oe.ooo 1Js.s 2009/2 •30.9 o.o 14~.!5 3941/4 -40.0 OoO 
3360000 137.o 2010/2 •32,2 OoO l4!5o2 3940/4 -39,4 OoO 

•3640000 13602 201012 •32o2 o.o 144,5 39:!6/4 •36.9 CoO 
3640000 136.2 201012 •32,2 o.o 144.5 39~6/4 ·•36.9 o.o 
365.ooo 13602 201012 •32o2 o.o 144.!5 39j5/4 •36o3 C•O 
3660000 136.2 2010/2 •32,2 o.o 144,"! 3Cl!~/4 •36,3 OoO 
3670000 136,2 201012 -32.2 o.o l44o!5 39-iS/4 ·36,3 o.o 
368,000 136,2 201012 •32o2 o.o 144,5 39~5/4 •36,3 O•O 
3690000 135,S 201012 •32•2 o.o 144,5 3cij5/4 •36.3 o.o 
3700000 13602 201012 -3202 OoO 144.!5 39'1'5/4 -36,3 c.o 
371.000 136.2 2010/2 •32o2 OoO 144,5 39,5/,4 -3603 

"· 0 378.ooo 136.2 2Ql0/2 -3202 o.o 14~o5 39ji::14 .. 36,3 I). 0 
385,000 134.7 2(111/2 -33,4 o.o l4S 0 2 39:6/4 -36,9 OoO 
3920000 134,Q 21')12/2 •34,7 OoO 142,2 3Cl-i6/4 •36o9 0°0 
4200000 133,2 261212 •34,7 o.o 140o7 39~214 •34oS C•O 
4480000 146.0 2012/2 -3407 o.o 159,5 39l'6/4 -30,8 OoO 

* CREEP STRAit-1 • TOTAL ST'-~IN • ELASTIC STRAIN • AVERAGE SHRTl\l<A·H STRAIN AT T It-'E 
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STRAIN AND TEIIPERHl.iRE DATA AFTER LIHrJr,.r, 

SPECifilEN C•46 

AXIAL STR~SS 12no PSI AXIAL ELASTIC ST~AJI'\ 100.9 M tbO•UN I T.5 
S:ADIAL SlRESS 1200 PSI RADIAL ELASTIC STRAT~ 111.3 MJCRO-uNn! 
TEST TEJIIPERATURE 1SO F TEST MOISTURE AIR OYR 

A)(IAL GAGE RADIAL t;A-C!!E 

TIME TEl"P FIEAD/OIV TOT STRAIN CFIEEP* TEMP RUC/Ctll TOT STFIUIII Cl<EEP• 
(DAYS) (Fl (FREQ.) (MIC•UNITS> (MlC•UNITSI IF) lFi::F.Ql (MlC•UNITSI (MlC .. LNITSl 

0,000 151.2 3748/4 0,0 o.o 1!56 ,.!5 37f0/4 o.o o.o 
0,000 151,2 3570/4 101,0 .o 150.5 3Sc3/4 117,3 .•• o 

,0'+2 1Sl,2 3289/4 250,3 150,4 150.s 3846/4 •S0,7 .. 1,E.f! ,0 
,250 151.2 3280/4 254,9 1·5" .9 150,s 381'8/4 -63,8 -1eo.a 
,soo 152,7 3266/4 262,0 161,lt 151,? 3Rl'R/4 •63.8 •HIJ ,2 
,992 152,7 3243/4 273,~ 174,9 1!!!2,0 397:!/4 •0066,8 •LS:!,4 

1,992 152,7 322s,, 282,6 188,4 151,2 3FIP3/4 ·•72,9 •lf!E,O 
2,992 1S2,7 3202/4 29•,1 201,1 l·!!l. 2 3Pc;0/4 ·•77,1 .i,c;c, .s 
3,992 150,5 3\95/4 297,6 207,9 151,:? 38c;4/4 ·•79,5 -1c; O ,6 
5,000 152,7 3180/4 305,0 217,5 l!i .2 3ACJ4/4 -79,5 -1ec;.e 
6,000 152.7 3170/4 3o9,IJ 223.6 151,2 3897/4 ·•81,3 •l-91.0 
7,200 150.s 3j121, 308,9 225,7 149,7 39;5111 ·•92,2 •l-9908 

14,033 1s1.2 3145/4 322,l 20.e 149,7 3c:,;314 ·-97, 1 •1·9c; ,4 
21,012 152,7 3114/4 337,2 269 05 1!52,0 39~~U4 •98.3 •lc;p.9 
28,000 152,0 3i24/4 332,3 267 ,e 1!51,2 39'.'(l/4 -101.3 -200.e 
55,917 151,2 3ii78/4 354,4 306,2 1-!Si .2 3cai:J/4 •115,4 •20·2 ·" 
84,104 153,5 3ij32/4 376,i ·336 ,4 l-!52.0 39;.7,4 •124,0 -200,9 

111,929 149,7 3044/4 370,. 329,9 149,7 3971?/4 -130,7 •211,S 
140,20@ 150,5 3023/4 380,4 342,4 150,5 39F7 /4 •136,3 •214,5 
168,000 152,0 3ii35/4 374,8 338,e 1so.s 39q4/4 •140,6 -21,'5, 7 
196,000 149,0 3024/4 380,0 346,6 148,2 40r.4/4 -146.8 •21-f! .9 
224,000 148.2 3ii18/4 382,8 348,3 1"8 .2 2,;rs,2 -150,s -220.6 
252,000 152,0 3iil6/4 383,7 351,5 14<1,0 2004/2 •149,3 •214,6 
280,000 149,o 3010/4 386,5 3!51, l 149,0 2ore,2 -15403 .21 e .s 
308,000 149,0 3009/4 387,0 352,1 149. 0 201 (1/2 •156,8 -222.2 
336,ooo 1so.5 2998/4 392,i 357,7 u;;.~ 2012/2 •15903 •2Z3.3 

•3640000 149,7 2993/4 394,4 359.3 149.7 201'5/2 -163,0 •22Eo l 
364,000 149.7 3448/4 167,3 13202 149,7 39.i'5/4 •110,S •ll:3,6 
364,12'5 149,7 3467/4 157,l 122.0 149,7 3942/4 •10806 •171,7 
364,250 150,5 3471/4 155,0 11'9,8 1"9 o 7 39 . .il/4 •1oe.o •171 ,l 
364,494 15o.5 3476/4 152,3 111.2 149,7 3940/4 •10704 •170•5 
365,000 149.7 3480/4 150•1 1.1-4,7 149,7 39~9/4 -10608 •17(1,1 
366,000 149,7 3487/4 146,3 110, 7 149,7 39'111/4 •106,2 •l,E:c; .s 
367,000 149,7 34.92/4 143,6 1 oe. o 149,0 39:!7/4 •105,6 •lfl!,9 
368,000 149,7 3'97/4 140,9 105,3 149.o 3qj714 -1os,6 •lte,9 
369,000 149,7 3!500/4 139,3 103,7 149,0 39'.!614 -105.0 •16f!,5 
370,000 149,7 3500/4 139,3 10307 149,0 39:,i7/4 •105,6 -ue ,9 
371,000 149,7 3507/4 135,5 100,4 149,0 39j7/4 •105,6 •lEP ,3 
378,000 149.7 3!519/4 129,0 cu,1 149,0 39jS/4 •104,4 •1-H ,0 
385,000 149,0 3533/4 121,3 85,9 148.2 3Clj'5 /4 •104,4 •l6E,6 
392,000 149.o 3!540/4 li7,5 81.2 148,2 39~6/4 -1os.o •166.7 
420,000 148,2 3566/4 103,2 6t:,2 149, 7 39'15/4 •104,4 •l6E,l 
448,000 148.2 3583/4 93,7 60,7 148,2 39.;~/6 •105,0 •lEJ,6 

* CREEP STRAIIII • TOTAL STRAIN • ELASTIC STRAIN• AVERAGE SHRH.l<A-GI: STRAIN Ill Tlr,,E 
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STRAIN ANO TF.'t,1PERHlJRE DATA AFTER LOAClll\t: 

SPECIMEN 0-2 

AXIAL STRESS 1200 PSI AXIAL ELASTIC ST~Al~ -5306 MICRO•UNllS 
l<ADIAL STRESS 2400 PSI RADIAL ELASTIC SlRAT~ ?6604 MICRO•UNllS 
TEST TEMPERATURE 150 F TEST MOISTURE AS CASl 

AXIAL GAGE RAO I Al GAGE 

TIME TEt,1P REAO/DJV TOT STRAyN CREEP* TF.'MP REAC/CTV TOT STRAI~ CFiE EP• 
<DAYS) (F) (FREQ) <MIC•UNITS) IMlC•lJNITS) (F) «F~ECI (MIC•UNITS) (t,,IC•LNITS) 

OoOOO 14007 3fl86/4 OoO OoO l40o7 38P5/4 OoO CoO 
OoOOO 1400 7 3974/4 •'5306 oO 14007 34i4/4 26604 oO 

0013 140o7 3911/4 -1so._1 39 0e 14007 34f,014 27308 Po3 
0250 13407 3'531/4 204ol 259 00 l34oO 39c;314 •6509 -331oe 
o500 140o0 3514/4 21303 26706 l40oo 3ClP9/4 .63 05 -32c;o3 

loOOO 14000 3497/4 22206 277 o3 140o0 39G3/4 •65o9 •32c;.9 
20125 140o7 3478/4 23208 292.4 139.2 2oro12 -10.3 ·32c;.e 
20958 140.7 3463/4 24009 30100 139.2 20/i412 •75o2 •33504 
40000 140.0 3468/4 23802 299 0 8 13902 2n('5/2 ·•76.5 •334.7 
5oOOO 140 00 3465/4 239 08 302 0s 14n O o 20('6/2 -77 0 7 -33406 
60000 14000 3461/4 24200 305o3 139.2 20117/2 -7900 -33404 
60958 140o0 3457/4 24401 312ol 139.2 2oc912 •8105 •33307 

130979 141.5 3422/4 262,8 33502 14105 2014/e -01.1 -336.3 
20,93e 140.7 3421/4 263,3 33607 140.7 202 Cl /2 -95.2 -34008 
200062 140o0 3414/4 26706 343.2 l4ii oO 2024/2 •100o2 •34202 
550938 140o0 3378/4 286,6 37'5o2 139.2 2038/2 -111.0 •346 o2 
83.917 13s.s 3391/4 279,2 36602 13505 2(1110/2 -14508 •37,5 o 0 

1110896 13902 3356/4 297,5 3sso1 138.S 2054/2 •138ol -365.3 
1400021 13805 3343/4 3o4o2 39002 13805 2nf.o/2 •14508 -371 o l 
1680000 13805 3356/4 297 05 38304 138 0 5 20"2/2 •14803 •37} 04 
196.000 13Bo5 3344/4 3o3.7 39000 13707 2('F-7 /2 •154.7 •377 .2 
224.o~o 137.7 3352/4 299 05 38507 137 o o 2!''?1/2 •15909 .37,;.9 
2s2.ooo 136.2 3347/4 302.1 3B4.8 135.5 2~72/2 •16).2 •3E.3o6 
200.000 13505 3340/4 3o5,8 389.7 135o'i 21173/2 •16204 -3e7o2 
3000000 13e.5 3340/4 30508 389.6 13Aos 2075/2 •16So0 -3c;lol 
3360000 139.2 3336/4 30708 39203 138.; 2Cl77/2 •16706 .3c;406 

-3640000 13902 3334/4 30809 391.4 138 .'I 20P!l/2 •17lo5 -40lo7 
3640000 139.2 3700/4 109o4 191. 9 1380'1 2040/2 -120.4 .35 O .6 
3640125 13902 3717 /4 9906 102 01 13A.!'!i 26:!9/2 •119.l .34,c; o4 
364.27S 13902 3718/4 99,0 181 06 138.5 2039/2 •119ol •34•C, o4 
3640484 139.2 3720/4 97o9 180 .4 138 0 5 203812 •117.8 -341:.1 
3650000 137.7 3722/4 96o7 179,2 13707 2038/2 •11708 •34 F • 4 
366,000 137.7 3727/4 9308 17604 13707 20'.!112 •ll6o6 •34 7 o l 
367.000 13707 3728/4 93o2 17508 137.7 203712 •11606 .3,q o l 
368 0000 137.7 3731/4 91,5 174 00 13707 20:H,/2 •11503 -34,!' .9 
369oOUO 13707 3731/4 9lo5 17400 13707 203S/2 •ll4o l •34406 
370.000 OoO 01n OoO o.o o.o 0/0 OoO OoO 
3710000 138.5 3734/4 8908 17203 13805 203~/2 •11503 •34702 
3780000 137.7 3745/4 83o4 16509 137.7 20:612 -11503 •34605 
3850000 13707 3751/4 79o~ 16204 13700 203612 ·l1So3 •347oS 
3920000 13707 3755/4 7706 16007 131.0 2035/2 •ll4ol •34706 
420.ovo 131.0 3770/4 6808 15103 13602 20'.!512 •ll4o l •341\oO 
448 0000 13700 3784/4 6006 14404 13,,.2 20371'2 •116.6 •35'2o2 

* CREEP SlRAII\: TOTAL STRAIN • ELASTIC STRAIN • AVERAGE SHAJ~I< H,E STRAIN AT llt,,E 



TIME 
(0.AYS) 

OoOOO 
OoOOO 

o 125 
o25o 
0JB3 

loOOO 
l 0988 
30000 
30979 
40875 
50875 
60833 

130833 
200012 
270937 
550812 
830792 

1110771 
1390896 
1680000 
1960000 
2240000 
2530000 
2800000 
308oOOO 
3360000 

-3640000 
3640060 
3640127 
3640287 
3640494 
3650000 
3660000 
3670000 
3680000 
3690000 
3700000 
371 oOOO 
37Boooo 
3850000 
3920000 
4200000 
448ooiio 

HlAL STRESS 
RADIAL STRESS 
TEST TEMPERATURE 

375 

STRAIN ANO TE~PERATURE OAT.A AFTER LO~Dl~G 

SPECI~Et>i 0•3 

•O PSI 
1200 PSI 

150 F 

AXIAL ELASTIC ST~AI~ 
RADIAL ELASTIC STRAI~ 
TEST ~OISTURE 

OlAL GAGE RADI.Aj GA·EE 

-es.a MICRO-UNITS 
160ol MtCRO•UNltS 

AIR ORY 

TEMP READ/DIV TOT STRAIN CREEP* TEMP REAr./CIV TOT STRAl~ C~EEP* 
IF) (FREQ.) (MIC•UNITS> IMlC•UNITS> 

13902 
13902 
13002 
13700 
13700 
14000 
137,0 
137.7 
137,0 
13707 
138,5 
138,5 
139,2 
138,5 
138,S 
137.7 
134,0 
137,0 
137.o 
131.0 
136,2 
135 0 5 
13302 
135.S 
135.5 
13700 
137.o 
13505 
135.5 
135.S 
13s.s 
136,2 
136.2 
13602 
136,2 
13602 

o.o 
136.2 
13602 
13505 
135,5 
135,5 

OoO 

3796/4 
3940/4 
3978/4 
3971/4 
3967/4 
3966/4 
3986/4 
3990/4 
200512 
2004/2 
2005/2 
2007/2 
2016/2 
2023/2 
2030/2 
2650/2 
2071/2 
2067/2 
2/i68/2 
207112 
2074/2 
2078/2 
2079/2 
2r,77/2 
257112 
2064/2 
2ii51/2 
3943/4 
3945/4 
3940/4 
3940/4 
3938/4 
3933/4 
3931/4 
3930/4 
3926/4 

0/0 
3920/4 
3910/4 
3900/4 

O/ij 
0/0 
Olii 

OoO 
-86,3 

•109,7 
.. 105,3 
-10209 
-102.3 
•114,6 
•l17ol 
•129,5 
-120.2 
-129.5 
•131,9 
•143.2 
•151,9 
·160,7 
-18600 
-212.9 
-201.1 
-209.0 
-21209 
•21607 
•221.9 
-223.1 
•220,6 
•2i2.9 
-203.9 
•18703 

-8802 
-89,4 
-86,3 
•8603 
-e5ol 
•82ol 
-so.a 
•80o2 
-11.a 

OoO 
•74,2 
•68,1 
-62.0 o.o 

OoO o.o 

o.o 
-.s 

•22.9 
-18.6 
•1E1.7 
•14.2 
-22.0 
•23,3 
•32o3 
•28,9 
•29,0 
•28,4 
•29.7 
•32.9 
•38,5 
•47.5 
•65.9 
•61.6 
•60.3 
•62.1 
·63.3 
-69.6 
-68,6 
•69,3 
•6100 
•slos 
•35o7 
63.s 
62o2 
65o3 
65o3 
~6.3 
69.1 
70.3 
70o9 
7,3. 3 

OoO 
77 .s 
8308 
89.3 

o.o 
o.o 
o.o 

(F) (Fi:F.GI (MlC•UNITS) IMIC•LNITS> 

148.2 
14802 
130.2 
14607 
146.7 
148.2 
148.2 
148.2 
146.7 
147.15 
148,2 
141'1.2 
149,0 
l49oO 
148,2 
147.S 
l44o5 
146,7 
146,7 
146.7 
146•0 
146,0 
14 3 .e 
146.o 
146 o 0 
146,7 
146.7 
14600 
146,0 
146,0 
14600 
1460 0 
146.0 
146.0 
14600 
14600 

OoO 
146,0 
14600 
146.0 
14600 
146,0 

noo 

37/tS/4 
34P0/4 
347}/4 
3447/4 
344n/4 
34;6/4 
341714 
J4r!\t4 
34r 11• 
33«:ll/4 
33P7/4 
331!5/4 
3374/4 
33f4/4 
33~6/4 
33~8/4 
3340/4 
33;,e,4 
33i1/4 
33~V4 
3ilpfl/ 4 
3273/4 

0/0 
0/0 
0/0 
010 
0/0 
(l/0 
0/0 
0/0 
0/0 
0/0 
010 
0/0 
0/ll 
0/0 
0/0 
0/0 
0/0 
ll/0 
0/0 
0/0 
0/0 

OoO 
160o0 
164.9 
1 n. 7 
18105 
188.9 
193.7 
19905 
20202 
20704 
20905 
21006 
21603 
22106 
236,l 
240o2 
23400 
2soos 
24900 
2s1,s 
26007 
268.4 

o.o 
OoO 
OoO 
o.o 
o.o 
o.o 
OoO 
OoO 
OoO 
OoO 
o.o 
OoO 
0,0 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
OoO 

OoO 
.•• 1 
4.7 

l'7 ,9 
2lo3 

·2c; oS 
,:!7 o 1 
43o2 
4,E ,2 
,!:4 o3 
,!:7 o 0 
fOol 
71,2 
7,1! o l 
·9~ oB 
lloo4 
11402 
12.f • 9 
l;l7o9 
1,3Jo6 
14!:08 
LS!: ,5 

o.o 
O•O 
OoO 
OoO 
OoO 
o.o 
OoO 
o.o 
OoO 
CoO 
OoO 
CoO 
O•O 
CoO 
OoO 
OoO 
CoO 
OoO 
OoO 
c.o 
o.o 

* CREEP STRAIN• TOTAL STRAIN• ELASTIC STR~IN .. AVERAGE SHRT~KA~E STRAIN Al lI~E 



376 

STRAIN ANO TE',..PERATl;RE DATA AFTER LO~CH.C: 

SPECit,,EN D•l2 

HlAL STAESS -o PSI AXIAL ELASTIC ST~Atl\ •OoO MICRO•UNlTS 
AACIAL STRESS -o PSI AAOIAL ELASTIC STAA ti\ •0 00 MICRO•UNllS 
TEST TEMPEAATURE 150 F TEST MOISTURE AS CAST 

AXIAL GAGE AAnIAL GAGE 

TIME TEMP REAO/Oy\l TOT STRAHJ CREEP* TEMP REAr/CJV TOT STRAII", CFiEEP* 
<DAYSI <Fl (FREQ) (MIC•UNITSl (MIC•liNITS> (Fl (FH<ll IMlC•UNITSl IMIC•LNITSl 

OoOOO 13805 2011/2 o.o OoO 13R.S 39~@/4 o.o o.o 
.221 138.5 2015/2 .5oO o,o 138,5 3914/4 -3,6 o.o 

1.000 138.5 4i\27/4 -3.1 o.o 138,r; 3Cl15/4 •4,2 o.o 
lo958 131 0 0 2019/2 -10.0 o.o 137,o 3Cl2 l/4 -7.9 o.o 
30125 138 05 2017 /2 '!705 OoO 138,5 39)7/4 -505 OoO 
3o95e 137,7 2021/? -1205 OoO l37,0 3Cl?6 /4 •lOo9 OoO 
5oOOo 13707 202112 •i2o5 OoO 13707 39;314 •9ol O•O 
60000 13So5 2021/2 -1205 OoO 139,5 3921/4 •7o9 OoO 
6,958 13805 2021/2 -1205 o.o 138,5 39?3/4 •9ol OoO 

130979 139,2 2Q25/2 -i7 o5 OoO 139,2 3927/4 -1105 O•O 
200938 138,5 2031/2 -2so1 o.o 137.7 3934/4 -1s.e CoO 
28.104 137,7 2033/2 •27,6 o.o 137.7 39'.'3/4 •l5o2 r.o 
55,938 136,2 2(137/2 •32,6 o.o 137,0 39;:;,:,/4 -8,5 O•O 
83,917 133.2 2047/~ •45,3 o.o 134,0 3Cl33/4 -15.2 o,o 

111,896 135,5 2()35/2 .30.1 o.o 137,0 3Cl06/4 1.2 o.o 
140,021 135,5 2033/2 -27,6 o.o 136,2 381'0/4 16,9 o.o 
167,937 135,5 2030/2 •23,8 o.o 135.5 0/0 o.o o.o 
196,000 134,7 2n2s12 •17,5 0,0 13505 0/0 0,0 0 oO 
2230958 134,0 2623/2 -isoo OoO 134,7 0/0 o.o o.o 
2530000 131,7 2n1912 -1000 OoO 13205 0/0 OoO OoO 
280,000 13400 2n1412 .3.1 OoO 134.7 OIO noo OoO 
3080000 134.7 2009/2 205 OoO 136,i? 0/0 o.o CoO 
3360000 134.7 2003/2 lOoO o.o 13602 0/0 n.o OoO 

-3640000 13400 3990/4 19o9 OoO 136,2 0/0 OoO OoO 
364oOiiO 13400 3990/4 i9o9 OoO 136,2 01n OoO 0•0 
365,000 134,0 3988/4 2lol o.o 13i:..2 0/0 o.o c.o 
366,000 134,0 3987/4 21,7 o.o 136,2 0/0 OoO OoO 
3670000 134.o 3985/4 23.0 o.o 13602 0/0 o.o o.o 
368,000 134.0 3983/4 2'+.2 o.o 136,2 0/0 OoO o.o 
3690000 134,0 3981/4 25.4 o.o 136.2 hlo 0,0 O•O 
370.000 o.o 0/0 OoO o.o o.o 0/0 OoO o, 0 
371,000 134.0 3979/4 26o7 0 • 0 136,2 01n o.o c.o 
378.000 134.0 3973/4 30o4 o.o 136.2 0/0 o.o o.o 
385,ooo 133.2 3963/4 36.5 o.o 135.s 0/0 o.o c.o 
392.ooo 133.2 3949/4 45.l o.o l3S.5 01n OoO O•O 
420.000 134.0 3900/4 74,9 o.o 136,2 0/0 OoO OoO 
448,000 134.0 3Fl49/4 1osos o.o o.o 0/0 o.o o.o 

* CREEP STRAII\ = TOTAL STAAIN • ELASTIC STRnN • AVERAGE SHAJl",l<~C:E STAAIN AT TI~E 
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STRAIN ANO TEIIPERATI.JRE DATA AFTER LOaCLI\G 

;SPECii-iEN D-15 

11X IAL STRESS 1200 PSI AXIAL ELASTIC STRAJI\ 202e6 MlCRO•UNit5 
RADIAL STRESS -o PSI IUDIAL ELASTIC STFIAtl\ -s2.5 MICRO•UNll! 
TEST TE~PERATURE 150 F TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GA-GE 

TIME TEMP REAOIDiV TOT STRAIN CREEP* TEMP REAC/CJV TOT STRAih CftEEP• 
<DAYS> (Fl (FREQ) (MIC•UNITS> (MIC-IJNITS) IF) fFF<EG> (MIC•UNIT,S) I~ IC•LN ITS) 

0.000 138.5 3910/4 o.o o.o 146.o Jq"}/4 o.o O•O 
0,000 138.5 3560/4 202.~ .o 146.o 20181'2 -52,6 .•• 1 

,146 138.5 3531/4 21s.6 1'7 ,2 lH,. 0 2024/2 •60 .1 ,..,6 • 7 
0292 138.5 3530/4 219,1 17 .8 146 .o 2024/2 •60.1 ... ., • 0 
.soo 139,2 3516/4 226.8 2",8 145,2 2023/2 •58,9 . ..,!! • 7 

1,000 138.5 3500/4 23s.,s ·l",O 146.0 202!!/2 ·-61.4 ·•E,4 
2.000 137,7 3499/4 236.0 39.3 1"6,0 20:!112 -•68,9 ... 9.5 
3,146 138,5 3475/4 249,0 52,8 146.7 20:!l/2 •68,9 •10.1 
4,000 137.o 3471/4 251,1 56,4 146,0 20:!6/2 -75,2 •14 .5 
5,000 137,7 3"6214 256,0 62,4 146,0 2on12 ·•76,5 •1,4,4 
6.042 137.7 34571" 2sa.6 ,65, 7 146,0 20:!712 ·•76.5 •t:J .o 
1.000 138,5 3453/4 260.8 ·12,s 146.,0 2038/2 .• 11.e •11.0 

i4.000 139.2 3418/4 279,4 95,6 1"7,!ll 2043/2 -84.l •J::!. 7 
20,958 138,5 3420/4 278,4 95,5 147,S 2Q~ 7 /2 -89,2 •1,!! .e 
28.104 137. 7 3405/4 286,J 106,2 u1.s 20•012 ... 93.0 •l·E eO 
55,958 137,7 3357/4 311,4 144,4 146,0 2ti•B/2 •103,2 •1'2,6 
83,937 134,0 3363/4 308,3 139.1 143,o 207312 -122,4 "'1?2,6 

111,917 138,S 3320/4 330,6 162,0 146,7 20,.212 •108,3 •U,5 
139,971 138,5 3320/4 330,6 160,3 1"6 • 7 2(),.0/2 •105,7 • 1·2 • 0 
168,000 137,7 3312/4 334.7 16",4 146,0 20f0/2 •105,7 ...... 7 
196.000 137.o 3298/4 341,9 112.0 145,2 204'0/2 •105,7 ·•9,l 
224,000 136,2 3286/4 348,0 177,9 146.o 20!!712 ·•101.9 •2,9 
253,000 136,2 3274/4 354el 180,5 143.8 0/0 o,o OoO 
280,000 103.2 3270/4 356,1 183,8 144,5 0/0 o.o o,o 
308,000 80,7 3261/4 360.~ 188,3 144,!5 0/0 o.o o,o 
336,000 68.8 3252/4 365e'2 193.5 144,5 0/0 o.o o.o 

-364,000 o.o 3245/4 368,8 195,1 143,0 0/0 o.o o.o 
364,000 93,S 3640/4 158,0 •1'5. 7 1"3,0 0/0 0,0 O•O 
364,130 93.5 3656/4 148.9 •2",7 143,0 010 0,0 o.o 
364,290 78.5 3658/4 147.8 •25,9 143,0 0/0 o,o O•O 
364,500 71,0 3662/4 145,·S •28,1 1"3,0 OIO o,O O•O 
365,000 n.o 3666/4 143,3 •30,4 143, 0 0/0 o,o o. 0 
3660000 44,7 3672/4 139,8 .. 33,9 143,o 0/0 o,o 0•0 
367,000 o,o 3675/4 13e.1 .. 35,5 1"3.o 010 o,o o,o 
368,000 o.o 3678/i 136,4 ·•37 ,2 1"3,0 0/0 o,o o.o 
369.ooo 48,5 3679/4 135.9 •37 0 8 143,0· 010 o,o o.o 
370,000 o.o 0/ii o.g o.o o.o 0/0 o,o 0,0 
371.ooo 38,o 3683/4 133,. .40,1 143,8 0/0 o.o o. 0 
378,000 48,5 3696/4 l?.6,1 .,n,s 142,2 0/0 0,0 0,0 
385,ooo 33o5 3705/4 121-9 •52,7 1"2·2 0/0 o,o O•O 
392,000 41•0 3709/4 118,_ •54,4 145,2 010 O•O O•O 
420,000 o.o 3'730/4 106,6 •67,l 14Q,7 0/0 0,0 o.o 
448,000 o.o 3740/4 100,8 •71,6 0,0 0/() o.o o.o 

• CREEP STRAIN• TOTAL STRAIN• ELASTIC STRAIN• AVERAGE SHRJI\IOGE STRAIN Al llt1E 



378 

STRAIN AND TE~PERATURE DATA AFTER LOaO t,~G 

SPEC IM.EN l'.l•20 

AXIAL STRESS -o PSI AXIAL ELASTIC STjAI~ •OoO MICRO•UfllllS 
FlADIAL SlRESS -o PSI RADIAL ELASTIC STRAI~ •ooO MICRO•UfllllS 
TEST TE~PERATURE 75 F TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GAGE 

TIME TE~P READ/DtV TOT STRAIN CREEP* TEMP REAC/CTV TOT STRAIII< Cl<EEP• 
(DAYS) CF l (FREQ) (MIC•UNJTS) (MIC•UNITSl CF) (Fl<EQ) (MIC•UNITS) (MlC""l:NITSI 

OoOOO 63.5 2642/2 OoO OoO 69o5 20ii61'2 OoO OoO 
OoOOO 63o5 2642/2 OoO OoO 690!5 2006/2 OoO OoO 

0221 63o5 2Q42/2 o.o OoO 70o2 20~6/2 OoO OoO 
loOOO 63o5 2041/2 lo3 o.o 76o2 2007/2 •lo2 OoO 
lo95@ 63 05 2041/2 lo3 OoO 70,2 20C6/2 o.o OoO 
30167 64,2 2ij40/?. 20s o.o 7io!I 2004/2 2,5 OoO 
30979 63,5 2040/2 2oS 0,0 71,0 2004/2 2,5 OoO 
5,000 63o5 2641/2 1,3 o.o 1i ,o 20~5/2 1,2 0,0 
60000 62,7 2642/2 0,0 o.o 6Q,!5 2007 /2 -1.2 0,0 
6,95@ 62,7 2043/2 -lo3 OoO 69,!5 2007/2 •lo2 0,0 

13.979 6207 2642/2 OoO o,o 70,2 2oc6/2 o,o o.o 
20,979 63,5 2041/2 lo3 OoO 7lo0 20()6/2 OoO OoO 
280104 65,o 2040/2 2o5 OoO 72,s 20031'2 3o7 O•O 
55o93e 65,7 2(139/2 308 OoO 7lo7 20C3/2 3o7 0,0 
830917 6500 2639/? 308 OoO 7i,7 20i'2/2 5o0 0,0 

111,896 64,2 2040/? 2o5 o.o 71, 7 2002/2 SoO 0,0 
.140,0Z9 64,2 2()40/2 2,5 o,o 7!o0 20()3/2 3,7 o.o 
167,937 65,7 2639/2 308 OoO 71,0 40('2/4 602 o,o 
196,000 63,5 2Q39/2 3,8 0,0 7i,o 4001/4 608 O•O 
224,000 64,2 2037/2 603 OoO 71,0 39(;8/4 807 o.o 
253,ooo 65,7 2(134/2 lOoJ o.o 120s 39c;2/4 12,4 0,0 
280,000 65,0 2Q34/2 10.1 o.o 71,0 39Cl3/4 lloB OoO 
3080000 65,o 2035/2 8, o.o 7i • ., 3qc;314 11,8 OoO 
336,000 66,5 2031/2 13.9 o.o 73.2 39P4/4 l7o4 o,o 

•3640000 65,0 2031/2 I3o9 o.o 71. 7 39P4/4 17,4 0,0 
364,000 6500 2031/2 i:3,9 OoO 7i • ., 391!4/4 17 o4 o.o 
3650000 65,o 2031/? i3o9 OoO 7io7 39P4/4 17,4 0•0 
3660000 65,0 2631/2 13,9 OoO 11.1 39P3/4 18,0 O•O 
3670000 65,0 2031/2 i3o9 o.o 7 i , 1 39p2/4 18,6 OoO 
3680000 65,0 2030/2 i5ol o.o 7i,7 39P2/4 18,6 OoO 
369.ooo 65,o 2630/2 i5o i OoO 7i ,7 39112/.4 18,6 o,o 
3700000 o,o 010 o.o OoO OoO 0/0 o,o OoO 
371,000 65,o 2030/2 i5ol OoO Ti.7 39Pl/4 l9o2 O•O 
378,000 65.7 2030/2 15.1 o.o ?205 39Pl/4 19o2 OoO 
3850000 6500 2030/2 iSol OoO 71. 7 39P2/4 1806 o.o 
392,000 64.2 2031/2 13o9 OoO 7i • ., 39P4/4 l7 o4 OoO 
4200000 65,o 2030/2 i5ol OoO 72,!5 39112/4 1806 0•0 
4480000 65,0 2028/; 1707 OoO 72o!5 39P0/4 1908 o.o 

* CREEP SlRAifll • TOTAL STRAIN • ELASTIC STRII IN • AVERAGE SHRTt,.UGE STRAIN AT TI~E 



TIME 
!DAYS) 

OoOOO 
OoOOO 

ol46 
0292 
0500 

loOOO 
2,000 
3ol54 
40000 
50000 
60000 
70000 

140021 
200979 
280125 
550967 
830946 

l ll 0929 
1400062 
1680000 
1960000 
2240000 
253,000 
2800000 
3080000 
3360000 

•3640000 
3640000 
3640130 
36402~0 
3640500 
3650000 
3660000 
367,000 
3680000 
369,ooo 
3700000 
371,000 
3780000 
3850000 
3920000 
4200000 
4480000 

AXIAL STRESS 
RADIAL STRESS 
TEST TEMPERATURE 

379 

STRAIN ANO T~~PERATURE DATA AFTER LO~Ot~e 

SPEClHN 0•22 

1200 PSI 
•O PSI 

150 F 

AXIAL ELASTIC ST~AIN 
RADIAL ELASTIC SlRAIN 
TEST MOISTURE 

AXIAL GAGE RADIAL GA<GE 

254,9 MlCRO•UNitS 
•53,5 MICRO•UNltS 

AIR DRY 

TEMP READ/DIV TOT STRAIN CREEP* lEMP REAC/OIV TOT STRAIN CPEEP• 
(Fl (FREQ) !MIC•UNITS> (MIC•Ul'JtTSl !Fl !Ff.EQl (MIC•UNIT,Sl (MIC•LNlTSl 

148,2 
148,2 
14705 
142,2 
147,5 
147,5 
14705 
148,2 
146,7 
14705 
146,7 
147,5 
14907 
148,2 
148,2 
148,2 
14300 
147 05 
14600 
14600 
14502 
14502 
14300 
145,2 
146,0 
14607 
14502 
14502 
145,2 
14502 
14502 
145,2 
14502 
14405 
145,2 
14502 

0,0 
145,2 
14405 
14405 
l44o5 
14300 
143,0 

3876/4 
3425/4 
3405/4 
3403/4 
3395/4 
3383/4 
3380/4 
3367/4 
3360/4 
3351/4 
3348/4 
3348/4 
3327/4 
3327/4 
3323/4 
3288/4 
3300/4 
3251/4 
3251/4 
3232/4 
3214/4 
3211/4 
3203/4 
3191/4 
3180/4 
3167/4 
31!58/4 
3604/4 
3620/4 
3620/4 
3622/4 
362!5/4 
3631/4 
3635/4 
3636/4 
3637/4 

010 
3640/4 
3653/4 
3660/4 
3663/4 
3672/4 
3670/4 

0,0 
25502 
265,8 
26608 
211,0 
277,3 
278,9 
285,i' 
289,4 
294,0 
29506 
295,6 
306o!5 
306,5 
308,5 
326,5 
320,3 
345,2 
345,2 
354,B 
363,8 
36502 
369,2 
375,2 
380,6 
38700 
391,4 
1!57,7 
14s.1 
148,7 
147,6 
145,9 
142,5 
140,3 
139,7 
13902 

0,0 
137,5 
130,l 
126,2 
124,5 
li9,3 
120,5 

OoO 
o3 

11,8 
12,8 
16,!5 
24,6 
3008 
38,7 
45,8 
5206 
!55o3 
58,4 
79,2 
8408 
90o0 

124,3 
126,!I 
1·50 ,6 
1,53,2 
164,8 
176,4 
17·6 ,8 
183,1 
1850 7 
19108 
198 0 6 
202,3 
•31,4 
•40,4 
•40,4 
•41,5 
•43,4 
•47ol 
•49o3 
•49,9 
•50 0 4 

OoO 
•5lo7 
•!18,8 
•63,2 
-6508 
•71,6 
•66,5 

146,7 
146, 7 
14600 
140,'? 
l46oO 
146,7 
14600 
146,7 
14!5,2 
146,0 
14600 
14~,o 
1470$ 
146,7 
147o!5 
l46o7 
14300 
14600 
146,0 
l46oO 
144,!5 
144o!5 
14300 
145,2 
14600 
145,i 
14405 
144,5 
14~,5 
144,!5 
14405 
144,!5 
1440! 
143,8 
143,8 
144,! 

o,o 
144,5 
143,8 
143,8 
144 .s 
143,0 
143,0 

37!9/4 
38•0/4 
38•8/4 
3Ri8/4 
38~414 
)81l8/4 
3868/4 
38~7/4 
3877/4 
38'?9/4 
3R?9/4 
3RII0/4 
38116/4 
3R96/4 
39ii2/4 
3916/4 
39i4/4 
39!214 
39~9/4 
39'17/4 
3940/4 
3C.142/4 
3C.14l/4 
3940/4 
39i8/4 
39'18/4 
39•7/4 
3R;9/4 
3Rl'3/4 
3862/4 
3RU/4 
38E0/4 
3Rl'0/4 
38!1/4 
38•9/4 
3Ri8/4 

0/0 
38i7/4 
38~1/4 
3!!~ 0/4 
3Ri'7/4 
3!!~?/4 
38~3/4 

0,0 
·•!53 o 7 
·•58,4 
·•58,4 
•56.1 
·•58o4 
·•64,4 
·•63,8 
•69,8 
·•71,0 
•7lo0 
·•71,6 
•75,2 
·•81,3 
·•84,9 
•93o4 

•116,6 
•103,l 
•101,3 
•l06o2 
•108,0 
•109,2 
•108,6 
•108,0 
•106,8 
•10608 
•10602 
•59,0 
•6lo4 
•60,8 
·•60,2 
.• 59 ,6 
·•59,6 
•60,2 
.,..59.0 
·•58o4 

o.o 
·•57,8 
·•60,2 
·•59 ,6 
.• 57 ,8 
•54,9 
·55,5 

o,O 
.•• 2 

·•4,9 
.... 4 ,6 
·-2 o 6 
·•4o2 
·-6,8 
·•! ,5 

•lQol 
•10os 
·•9 o9 
·•.e o4 
·•6, 7 

•11 o l 
•1;3 ,6 
·•9,6 

•2'2 • 7 
• 1:3 o l 
·•.e,7 

•lo,4 
·•c; ,2 
... e ,5 
... 3, 1 
·• 1,4 
·• 1,4 
.•• o 
106 

.4e. 7 
,46,3 
46,9 
·"7 .s 
4'7,9 
·"7, 9 
1j7 ,.3 
4e .s 
4e,9 

OoO 
,So,3 
4e,9 
4!,9 
,! l ,3 
,54 .2 
,58, 7 

• CREEP STRAIN• TOTAL STRAIN• ELASTIC STRAIN• AVERAGE SHRT~~•GE STRAIN AT TI~E 
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STRAIN ANO TEIIPERAf;I.JRE DATA AFTER L041'llt-.G 

SPECIMEN 0•23 

AXIAL STRESS -o PSI AXIAL ELASTIC STRAL~ •O,O MICRO•UNIT.! 
RADIAL STRESS •O PSI RADIAL £LASTIC STRAIN •o,o MICRO•UNilS 
TEST TEMPERATURE 150 F TE.ST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GA-GE 

TIME TEMP READ/DIV TOT STRAIN CREEP* TEMP REA,C/OIV TOT STRAIN CF<EEP• 
IDAYS) (Fl (FREQ) (MIC•UNITS> (MlC•IJNtTSl CF) (FREQ! (MIC•UNIT,Sl (MIC•t;NITSl 

0.000 149,7 3714/4 0,0 o.o 149,7 3199/4 o.o c,o 
0,000 149,7 3714/4 o,o 0,0 149,7 3799/4 o.o o,o 

,042 149,0 3715/4 -.,6 0,0 1·50,5 3791!/4 ,6 o,o 
,821 149,0 3713/4 ,6 o,o 1·50 .S 3797/4 1.2 0,0 

1,821 149,7 3725/4 .. 6,3 0,0 149,7 3ers14 •3,5 o.o 
2,9,6 149,7 3725/4 .6,3 o.o 15/i,5 3RC,Q/4 -.6 o.o 
3,804 148,2 3738/4 •i3,9 0,0 149,7 3Ri0/4 •6,5 0,0 
4,825 149,o 3737/4 .13.3 o.o l5o,S 3RQ8/4 .5,3 0,0 
5,825 149,0 3738/4 -13,9 o.o t5o,s 3ec7t4 -4,7 o.o 
6,825 149,7 3740/, -i5,0 0,0 151,2 3P~9/4 .s,9 0,0 

13,846 149,7 3761/4 -27,2 o.o 150,5 3Ri@/4 ·•11,2 0,0 
20,804 148,2 3777/4 •36,~ o.o 149,7 38~6/4 •16,0 o.o 
27,917 149,0 3780/4 •38,3 o.o 1so,s 3P??/4 -16,5 0,0 
55,763 148,2 3A02/4 •51,3 o.o 149,7 3840/4 •24,3 o.o 
82,917 144,5 3837/4 -12.0 o.o 146,7 3RJ3/4 •44,0 o,o 

111,721 146,0 3829/4 -67,2 0,0 l4R,2 3RC9/4 ·•35,6 o,o 
139,867 146,0 3'134/4 •70,2 o.o 147,5 38~1!/4 •41,0 0,0 
167,762 146,0 3839/4 •73,2 o.o 147,5 38']4/4 ,.44,6 o.o 
196,000 145,2 3842/4 .. 15.o o.o 146,7 3R79/4 .. 47,6 o.o 
224,000 145,2 3847/4 •77,9 o.o 146, 7 381!4/4 ... so.6 o.o 
253,000 142,2 3848/4 •78,5 o,o 144,5 3AP9/4 ·•53,6 0,0 
280,000 145,2 3A49/4 -79,1 o.o 146,7 38Cl3/4 •56,0 o.o 
300.000 145,2 3849/4 .79, i 0,0 14~.7 3897/4 .• 50,5 0,0 
336,000 145,2 3850/4 .79,7 o.o 147,5 39~0/4 ·•60,3 0,0 

•364,000 144,5 3847/4 .. 77,9 o.o 146,7 3902/4 ·•61,5 o.o 
364,000 144,5 3847/4 •77,9 O,O 14(117 39Q2l4 ·•61,S O•O 
365,000 145,2 3847/4 .. 77,9 o,o 146,7 3902/4 ·•61,5 o.o 
366,000 145,2 3847/4 •77,9 o.o 146,7 39 j,,2/4 ·•61,5 o,o 
367,000 145,2 3847/4 •77,9 o.o 146,7 39C2t4 ·•61,5 O•O 
368,000 145,2 3847/4 •77,9 o.o 146,7 39fr2/4 ·•61,5 o,o 
369,000 145,2 3847/4 •77,9 0,0 146, 7 3902/4 •61,5 o.o 
370,000 o.o 0/0 o.o 0,0 o.o 0/0 o.o o.o 
371,000 145,2 3847/4 .. 77,9 o.o 146,7 39;\3/4 •62,1 (). 0 
378,000 144,5 3850/4 .79,7 o.o 146,0 3«lli6t4 •63,9 o,o 
385,000 144,5 38Sl/4 •80,3 o.o 146,0 39ii814 ·•65,1 o,o 
392,000 144.5 3850/4 .. 79,7 o,o 14~.Q 39ii@/4 •65ol o.o 
420,000 143,8 3845/4 •76.7 o.o 14!5,2 39r7/,4 ... 64,5 Q,0 
448.000 143,8 3847/4 •77,9 o.o 146,0 3913/4 ·•68,l 0,0 

• CREEP STRAIN• TOTAL STRAIN• ELASTIC STFlAIN • AVERAGE SHFli~,1<~eE STFlAIN AT TIME 
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STRAIN ANO TEr,,PERATIJRE DATA AFTER LOACIJl\,G 

SPECI~EN 0•26 

AXIAL STRESS 3600 PSI AXIAL ELASTIC ST~Al~ 472.5 MtCRO•UNits 
s:IADIAL STRESS 1200 PSI RADIAL ELASTIC STRAY~ •lle6 MICRO•UNltS 
TEST TEMPERATURE 75 F TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL ,GAGE 

TIME TEMP FiEAD/OjV TOT STRAIN CREEP* TEMP REAC/CJV TOT STRAIN CREEP• 
COAYc:;) CF) (FREQ) CMIC•UNITS> (MIC•lJNITSl IF) IFREQ) 041C•UNHS) (MIC•LNITS) 

0.000 65.7 2050/2 o.o o.o 74.7 2037/2 o.o o.o 
0.000 65,7 3273/4 47206 .o 74.7 4oi;214 ·-11. 4 .2 

.167 66,5 3196/4 511,2 38,6 74.7 4()1:8/4 10,l 21 .3 

.250 67.2 3i.62/4 527,9 55,4 74.7 2029/2 10,l 21.s 

.soo 67.2 3136/4 540.6 67,5 74. 1 2021!/2 11.3 ·22.5 
le042 66.5 3119/4 548.8 7,5,4 14,7 2028/2 11,3 ·22 ,4 
2,000 67,2 3090/4 562,8 89, 1 74,7 2028/2 11,3 ·22,0 
3,167 65,7 3658/4 578,0 104,4 14.1 20291'2 10,1 20•2 
4,000 65,0 3052/4 580,9 107,2 74,0 202@/2 11,3 21.e 
5,000 65,0 3039/4 587,0 113,3 74,0 2028/2 11.3 ·21.e 
6,042 64,2 31\34/4 589,4 116,2 72,5 20:!2/2 6,3 17,5 
7,000 64,2 3020/4 595.9 123,5 73,2 2033/2 5,0 l,f, 0 

14,021 65,7 2969/4 6}9,6 147,8 74,0 20:!l/2 7,6 18,4 
20,979 65,0 2935/4 635.2 162,6 74,0 2030/2 8,8 20,0 
28.104 65,7 2867/4 665,7 193,4 7"5,5 2028/2 11,3 ·22 .o 
55,983 65,7 2780/4 703,8 230,7 75,5 2025/2 15,1 U,l 
83.962 66,5 2710/4 733,6 260,5 75,5 2023/2 17,6 2-e,2 

111,942 74,7 2654/4 756.9 284.2 66,'5 202312 17,6 ·2-e ,8 
140,087 65,7 2616/4 772,4 299,1 74,7 2028/2 11,3 ·21.9 
168,000 66,5 2592/4 782,1 309, l 75.!5 202212 18.9 29 ,O 
196,000 65,7 2573/4 789.? Jl.5, l 74,0 2Qc'0/2 21.4 :3 O ,9 
2240000 65,7 2510/4 814•5 338,2 74,7 2023/2 17,6 ·2-s, 1 
253,000 67,2 2469/4 830,3 351,8 76,3 2019/2 22,6 z.e,7 
280,000 66,5 2465/4 831,9 352,3 75,'5 2020/2 21,4 2,f ,0 
308,000 66,5 2440/4 841.4 359,9 75,5 2021/2 20.1 :n,3 
336,000 68,0 2415/~ 050.8 367,5 77,0 2015/2 27,6 2.e .1 

•364,000 66,5 2398/4 857,1 372,7 74,7 2/ii612 26,4 2-S,7 
364,000 66,5 3484/4 362.i •122,3 74,7 201712 25,1 '24 ,5 
364,130 66,5 3533/4 335,4 •149,0 74,7 2014/2 28,9 ·2e ,2 
364,294 66,5 3535/4 334,3 •150,1 74,7 20)3/2 30,1 29 .s 
364,500 66.S 3540/4 331,6 •152,8 74,7 2013/2 30,l '2'9, 5 
365,000 67,2 3'i43/4 329,9 .. i,54 ,5 75,5 2ii J 2/2 31,4 130 .s 
366,000 67,2 3552/4 325,o •159,7 75,5 2011/2 32,6 ,3106 
367,000 65.7 3559/4 321,j •163,4 74,0 2/ii 2/2 31,4 ::!0•3 
368,000 65,7 3559/4 321,1 •163,7 74,0 201112 32,6 ;3 l ,8 
369,000 66,5 3"563/4 318,9 •165,5 74,7 2oc912 35,1 :34, 7 
370.000 0,0 0/n 0,0 0,0 0,0 0/0 0,0 0,0 
371,000 66,5 3569/4 3i5,~ •U19,2 7~,7 20i 0/2 33,9 :J2 ,9 
378,000 66,5 3585/4 3o6,7 •17·8 ,6 7S,5 201012 33.9 :32 .3 
385,000 66,5 3c;98/4 299,5 •186,9 75.S 2011/2 32,6 :3 0 .o 
392,000 65,7 3610/4 292,8 •193,2 74.7 2012/2 31,4 29,2 
420,000 64.2 3625/4 284,4 •203, 1 12.s 21111/2 32.6 ~e,9 
448,000 65,7 3639/4 276,5 •211,5 7:,,2 2610/2 33.9 :3 0 .3 

• CREEP STRAI"' • TOTAL STRAIN• ELASTIC STRAIN .. AVEAAGE SHRnll:AGE STRAIN Al TIME 
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STRAIN ANO TE'1PERHIJRE DATA AFTER LO,HHIIG 

SPECI'1EN 0•31 

AX l AL STRESS 3600 PSI AXIAL ELASTIC ST~AJII 28604 MICRO•UNITS 
FlADIAL STRESS 3600 PSI RADIAL ELASTIC STAATII 34202 MICFIO-UNITS 
TEST TEMPERATURE 75 F TEST MOISTURE AS CAST 

AXIAL GAGE RAOIA1. (;A,(:E 

TIME TE!o'P READ/DIV TOT STRAIN CREEP* TEMP REAl;/01\1 TOT STRAIN Cl<EEP* 
IDAYS) (Fl (FREQ) (MIC•UNITS) (M lC•IJN ITS> (Fl (FHQ) (MIC•UNHS) (MIC.,LNITS> 

OoOOO 75,5 2052/2 o,..o o.o 74.0 203312 OoO OoO 
OoOOO 75o5 3626/4 28604 ~oo 74.0 34110/4 ,342• 7 o5 

0125 75.5 3531/4 339.i 52o7 7400 3375/4 398,5 ,SS .9 
.250 74.7 3508/4 35106 6502 74oO 3352/4 41005 -6e o l 
0375 74o7 3500/4 35509 69 oO 73.2 3340/4 416.7 74.0 

loOOO 75o5 3472/4 371 ol 83oe 7j.2 33i 1/4 431.6 e.e.9 
2.000 74.7 3448/4 383,9 96.4 73.2 32c:i3/4 440,9 ,cno7 
3 0000 75 05 3420/4 3~808 11104 73o2 3,'f9/4 453ol 1 oc; o4 
40000 75,5 3411/4 40306 lH, 01 73o2 3~ .. 0/4 462.7 l}c; .4 
40875 75 05 3410/4 404ol 11606 7? 05 322@/4 47307 ll30 o4 
50875 73,2 3410/4 404o i 117 o2 71. 7 3221/4 477,2 L34o6 
60833 74.7 3395/4 412ol 12soe 71.1 3?21/4 47702 134,4 

i3o833 75,5 3338/4 44108 15602 7302 3YPM4 494,6 J.,S 1 • 6 
20,812 75,5 3325/4 44eo5 16201 73,2 3154/4 ,510 ,3 lfl •7 
27,967 77 oO 3290/4 466 05 100 03 74,0 Ji"-2214 52509 1-e-2 oB 
550817 11.0 3252/4 48507 19808 74.o 3(129/4 ,570.2 22704 
83.796 77.o 3207/4 s0s.2 221.3 74.0 2976/4 .594.9 as 1 • 7 

lllo942 76,3 3164/4 529.5 243.o 74,0 294@/4 607•7 2(:5o2 
1390921 76o3 3154/4 53404 24703 73.2 29j 2/4 624ol 2eo.e 
168,000 77o7 3127/4 547,5 260.7 74o7 21l79/4 638.9 29.S •2 
196,000 15.5 3117/4 552.4 26309 73o2 2877/4 63908 2c;.5 06 
224,000 176 .3 3078/4 571,1 280,9 h.2 2A':3/4 ,650 ,4 30402 
2530000 77o7 3?68/4 575,8 283.5 74. 7 27@2/4 -68104 33307 
280,000 76o3 3n54/4 58205 289.1 74o0 27199/4 674.l 324,9 
3080000 76.3 3044/4 587.2 291,9 74,0 2774/4 684,9 333.3 
336,000 78 0 5 3025/4 596,i 299 .1 1s.s 27~4/4 697.7 344,4 

•3640000 11.0 3ii2l/4 598,ij 299oe 74o0 27'.13/4 702.4 34eoo 
364,000 77.o 3561/4 32206 24,4 74o0 34i0/4 380ol '25 06 
364ol~O 11.0 3595/4 303,7 .5 .5 74.0 3411:0/4 35a.a 4o4 
364.294 11.0 3590/4 30605 8,3 74.0 3453/4 35702 200 
364.500 11.0 3588/4 30706 904 74.0 34!'-5/4 356.l 1 • 7 
3650000 77 .o 3583/4 310.4 12.1 74.0 34!'5/4 356ol 1.5 
366.ooo 77 oo 3&;81/4 311.5 1,3 • 0 74.0 3459/4 354.0 .... a 
J67oooo 76o3 3584/4 3o9,8 ll o5 73.2 341'2/4 ,35204 ·•2 .s 
3680000 76,3 3583/4 310o4 11.0 73.2 34~1/4 352.9 •lo7 
369.oOo 11.0 3582/4 310o9 12o7 74.0 34fl/4 35209 ·• l .3 
3700000 o.o 0/~ OoO o.o o.o 0/0 o.o o.o 
3710000 11.0 3584/4 309 08 ll o2 74 00 341',2/4 352.4 -2 .3 
3780000 7700 3(,03/4 299,2 .1 74.o 34110/4 34207 -n.1 
385.ooo 15.5 3611/4 29408 -5,5 73.2 34c;ol4 337.3 • 19 • l 
3920000 o.o 0/0 o.o OoO o.o 0/0 OoO OoO 
4200060 7So5 3(,23/4 200.0 -1,3 .2 73.2 35~4/4 329.7 •27.8 
448.000 75.5 3627/4 285,8 -16.0 74.o 3L';iol4 32604 "I:: 0 • 9 

* CREEP STRAIII • TOTAL STFIAIN • ELASTIC STRAIN• AVERAGE SHRyl\l<AH STRAIN Al TI1o1E 
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STRAIN ANO TE~PERATIJRE DATA AFTER LOACI1t-.G 

,SPECI"1EN 0•33 

AXIAL STRESS -o PSI AXIAL ELASTIC STiAJt,. -o.o M lCRO•UN ITS 
RADIAL STRESS -o PSI RADIAL ELASTIC STRAlt-. -o.o "1ICRO•UNITS 
TEST TEMPERATURE 75 F TEST MOISTURE AIR ORY 

AXIAL GAGE RADtAt GA,GE 

TIME TEMP READ/DIV TOT STRAIN CREEP* TEMP REAC/[)JV TOT STRA LI\ CFiEEP* 
IDAYSl (Fl (FREQ) (MIC•UNITSl IMIC•liNITSl (Fl (FREQ> IMIC•UNilSl IM IC•L.NITS> 

0.000 71. 7 3868/4 OoO OoO 63o5 38:?9/4 o.o O•O 
OoOOO 7lo7 3868/4 OoO OoO 6305 38:?9/4 OoO OoO 

0125 71 oo 3R68/4 OoO OoO 63.5 3A40/4 ... 6 o.o 
.a33 7lo0 3867/4 06 o.o 63o5 3A16/4 108 OoO 

10792 71•0 3868/4 OoO o.o 63.5 38j5/4 2o4 O•O 
2.959 7107 3867/4 06 OoO 64o2 3s~l/4 408 OoO 
3.804 7100 3868/4 OoO o.o 63.5 38;3/4 3.6 OoO 
40804 7lo0 3872/4 .2o4 DoO 64o2 3R:!0/4 5.3 O•O 
50846 69oS 3877/ 4 •So4 OoO 62o7 3B:iSl4 2o4 OoO 
6.783 70o2 3R78/4 •ooO OoO 63os 38'13/4 306 OoO 

130783 71. 7 3R80/4 -7o2 OoO 64.2 38~4/4 a.9 OoO 
200783 71. 7 3879/4 .. 6,6 o.o 64.2 3i:!~2/4 lOol OoO 
27,908 74oO 3Ml/4 .. 1 0 a 000 6507 3Al 0/4 17 o2 CoO 
55 0 7 rs 73o2 3890/4 -1302 OoO 66,5 3FI00/4 23ol OoO 
B3o733 73.2 3R97/4 -i7.5 o.o 65,7 37t;9/4 2"3o 7 11 o 0 

1110713 73o2 3908/4 •24ol OoO 65o7 3Fli;0/4 23ol O•O 
1390858 7lo7 3915/4 -2803 OoO 6c;. () 38113/4 2lo3 OoO 
1670762 74o0 3915/4 -28.3 o.o 66,5 3Rr3/4 21,3 OoO 
196.000 74.0 4007/4 -84,8 o.o 1so5 0/0 OoO OoO 
2240000 74.7 3923/4 -33,2 OoO 75,5 0/0 OoO o.o 
253.000 73.2 3918/4 •30,2 OoO 1401) 0/0 o.o 0 o 0 
2800000 73o2 3926/4 •35,o OoO 65o7 3Rr0/4 23ol o.o 
308,000 74o0 3Cl30/4 ·37,5 o.o 61\07 3Q(1()/4 23·1 QoO 
3360000 74o7 3927/4 -35,6 OoO 67o2 0/0 OoO OoO 

•3640000 73,2 3927/4 •35,6 OoO 65.7 OIC o.o 0,0 
364,000 73.2 3927/4 -3506 o.o 6507 010 OoO CoO 
365,000 73.2 3927/4 -35,6 o.o 65,7 0/0 o.o o.o 
366,000 73,2 3927/4 -3506 o.o 615.7 0/0 OoO O•O 
367,oOo 73.2 3928/4 •36o3 o.o 66.5 0/0 o.o (). 0 
368.000 73.2 3928/4 •36,3 o.o 65,7 0/0 o.o o.o 
369,000 o.o 0/0 OoO o.o o.o 0/0 o.o o.o 
3700000 73o2 3928/4 •36o3 o,o 66,S 0/(1 o.o 0,0 
3710000 73,2 3931/4 •3801 OoO 65o7 0/0 OoO o.o 
378.000 73,2 3934/4 -3909 OoO 6So7 010 o.o () oO 
385,000 o.o 0/0 o.o o.o OoO 0/0 o.o o.o 
3920000 72,5 3934/4 •39o9 o.o 65.o 0/0 o.o O•O 
420,000 71. 7 3936/4 •41.l o.o 6~.2 0/0 o.o ll o 0 
448,000 71. 7 3938/4 -42,3 o.o 64.2 0/0 o.o o.o 

* CREEP STRAIN• TOTAL STRAIN .. ELASTIC STRAIN• AVERAGE SHRTI\IO<lE STRAIN AT TIME 
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STRAIN ANO TE''1PERATlJRE' DATA AFTER LO&CI"-G 

SPECIIIIEN n•40 

AXIAL STR!cSS 3600 PSI AXIAL ELASTIC STiAI"- 298,4 MICRO•UNllS 
RADIAL STRESS 3600 PSI RADIAL ELASTIC STRAY"- 357,0 MICRO•UNl1.S 
TEST TEIIIPERATURE 75 F TEST MOISTURE AIR ORY 

AXIAL GAGE RADIAL GA<:E' 

TIME TEWP l<EAO/OtV TOT STRAIN CREEP* TEMP REA[/CJ\/ TOT STRAI"' CFEEP• 
(DAYSI IF) (FREQ) (MlC•UNITSl IMIC•liNITSl (Fl IFHQI (MlC•UNlT,Sl l111IC•t;N!TSl 

0.000 74.7 3A28/4 o.o o.o 65.o 39~7/4 o.o !lo 0 
0.000 74.7 3284/4 299,8 1.4 6i;.o 32P3/4 359.9 ·2 .9 

.12s 74.7 3175/4 354,4 56.o 65,0 3125/4 438.3 8}.4 

.250 74,7 3142/4 370,6 72.6 66.S 30112/4 459.0 102 • 0 
,375 74.7 3126/4 378.3 79 0 8 65,0 3oi:7/4 47o.9 11,3.3 

1.000 74.7 3073/4 403.8 1os.2 6~00 29Cl0/4 50203 14,4 o4 
2.000 74.0 3023/4 42704 129.4 64.2 2930/4 529.8 170 .8 
3.ooo 74o7 2974/4 450e2 lSloB 6500 2879/4 552.0 1·92 .3 
40000 74.7 2951/4 460,8 164ol 64.2 2Aj0/4 574.5 214 .1 
40896 74.0 2932/4 46904 17300 64.2 2778/4 ,597 o l 23506 
50875 12.s 2922/4 474.0 11e.9 62,7 2741/4 612,9 a51.9 
6,813 73o2 2088/4 489,3 195.3 63o5 27;314 620,5 2S,c; .2 

13,812 74,7 2767/4 54203 249,8 6s.o 2Si6/4 704,6 341 o 0 
20,812 74.7 2688/4 575.7 20s.0 6s.o 2'.3P7/4 753.6 3e6.9 
27.937 74o7 2608/4 60805 319 o5 65,7 2278/4 793,0 4~3.2 
55.021 75,5 2480/4 659,0 375.3 6So7 39P:ue 887,8 51306 
830800 75o5 2388/4 693,7 41,3. e 66,S 3661 /@ 935,5 S~c; 05 

111. 779 75.5 2311/4 721,7 44702 6605 3472/P. 961,6 5@6 o 0 
139,917 74.7 2288/4 729.9 457.9 6s.o 3;,H/f! 987.2 61·2 • 0 
168.000 11.0 2250/4 743,3 473.8 66.S 3152/P. 100207 62e.s 
1960000 740 7 2233/4 74902 48202 6s.o 3iiES/f! 101301 6Jc; oB 
2240000 74o7 2170/4 770o7 504o5 6So0 29F7/P. 102203 64E,3 
2530000 77 oo 2156/4 77504 509ol 615.0 26P!YS 1055.2 61lco9 
2800000 75.S 2131/4 783.? 5t9.o 66,'5 26',9/f 1054.0 6eoo5 
3080000 75o5 2117 /4 78803 523.7 66,S 2f-r11e 106305 6f.p o 7 
336,000 77.o 2094/4 79508 531,9 6Ao0 2490/8 1075.0 1ocos 

•3640000 75,5 2094/4 79508 53204 66 0 5 24"21" 107906 704 .9 
364,000 75.5 2907/4 48007 217 .3 66,S 25:?3/" 697.9 32,3 o2 
3640127 75,S 2949/4 46107 19803 6605 2se314 67801 30304 
3640294 75o5 2957/4 45800 194,6 66oS 25ClS/" 673.3 2c;e.s 
3640500 75o5 2964/4 45408 191.4 66,S 26r31, 670.0 2c;.5 .3 
3650000 76.3 2971/4 45106 18e.1 67.2 2f. i l /4 666.8 292ol 
3660000 76,3 2982/4 44605 182.9 67.i? 26,9/4 659.S 2F4 .e 
3670000 75.5 2990/4 44208 11<i .3 66 0 5 2"'" OI" 65500 2eooo 
36800~0 76.3 2993/4 44lo4 ne .1 66.5 26431" 65308 27c; o3 
369.ooo 76o3 2996/4 44000 111.1 66,5 ?.li"0/4 650,9 276.5 
3700000 o.o 0/0 o.o o.o o.o f)/(1 o.o o.o 
3710000 76o3 3nOl/4 43707 174 oB 66 05 26c9/" ,647 .2 212.9 
3780000 76.3 3021/4 428,4 165.7 66.c; 26.Ff/" 635.2 2foo6 
3B5oooo 76o3 3,;3514 42loB 15eos 66.c:; i?7~7/4 627,2 25'?. .o 
392.000 74.7 Jn4714 416ol 153.7 65.7 21;414 620ol 245 .o 
420,000 74.0 0/0 o.o o.o 66.5 0/0 o.o C•O 
448,000 74.7 3088/4 396,6 135,5 66.5 ?1~ ()/" 596.2 221 .e 

* CREEP SlRA l"- = TOTAL STRAtN • ELASTIC STRIITN. AIIERAGE SHATl',l<AH STRAIN AT T lt,<E 
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STRAIN AND TE11"PERATlJRE DATA AFTER LO~l':Il\,Cl 

SPECIIIIEN 0•41 

IIXIAL STRESS 1200 PSI AXIAL ELASTIC ST~All\ -2302 MICRO•UNITS 
RADIAL STRESS 2400 PSI RADIAL ELASTIC STRAJI\ 3e2.1 MICF<O•UNHS 
TEST TEMPERATURE 150 F TEST MOISTURE AIR DRY 

AXIAL GAGE RADIAL GAGE 

TIME TEMP READ/DIV TOT STRAIN CREEP* TEMP REAC/OIV TOT STRAI!I. Ct.EEP* 
(DAYS) IF) (FREQ) (MIC-UNITS> IMlC•lJNITS> IF) (F~EQl IMIC•UNITS> IMIC•LNITSl 

OoOOO 14105 3722/4 OoO OoO 15200 37Cl3/4 OoO OoO 
0.000 14los 3760/4 •22oO lo2 1s200 3073/4 ,383.1 loO 

0013 14105 3721/4 .6 24 0e 152,0 31128/4 404.4 22.3 
.250 13407 3705/4 gos 34 00 138o'5 29j9/4 44506 ,E;3 • 8 
0500 139.2 3700/4 i2o7 3603 lSi o2 2Afl9/4 46801 Hol 

1.000 140o7 3686/4 20.7 46ol 15~.o 2845/4 487.7 106 .4 
2.000 138.5 3677/4 25.8 ss.8 15102 27Cl6/4 ,509 .1 1,3 l o2 
30125 13902 3t,65/4 3206 6308 15?•0 27-i'5/4 53503 1,57 • 0 
30987 138.5 3677/4 2508 60.4 i.5o.c; 27iOl4 .545.8 no o o 
5.000 14000 3681/4 23,5 60o2 152.0 26(16/4 555.8 ieo.e 
6.021 140.0 3683/4 22.4 60.3 151.2 26f3/4 ,56504 }«; O o9 
6,958 140.0 3687/4 20.1 6lol 1s~.o 26j9/4 ,575,2 202 ,9 

i3,958 14202 3676/4 26.4 77 o3 153.5 25~0/4 615.0 24'7 o 9 
200917 14105 3701/4 12.1 68.6 152.7 24'7n/4 642.2 2Ho7 
28.062 140.7 3701/4 i2,i 71. 7 152.1 2425/4 659.2 2c;.c;.o 
550946 139.2 3683/4 22.4 98o4 152.0 2335/4 69204 340o7 
83.912 131.0 3700/4 1207 97 00 148.2 2;,c;S/4 70608 36,5 • o 

111,850 140.7 3677/4 25,8 l 09 .3 15?o0 21P914 743.6 39,(l .1 
140.004 14000 3668/4 30,9 117 .1 15?.0 2H5/4 758.4 41,5 .4 
110.000 140.7 3680/4 24ol 112 o3 15:?oO 20C:S/ti 77408 435 .o 
1960000 139.2 3660/4 35o5 12603 15102 21iio1• 773.2 43604 
2240000 13805 3674/4 21.s 117 .3 15io2 2043/4 791.5 45607 
253.000 13707 3(,71/4 29.2 12 l o2 14907 202114 79804 46e .4 
200.000 139.2 3668/4 30.9 11'9 • 7 1s1.2 20Cf/4 803ol 474 .1 
3080000 139.2 3668/4 30o9 120.2 150.s 3g":;1e ,813 • 8 4e::; .s 
336.ooo 139.2 3661/4 34o9 12407 15:?oO 39('!=/@ 819.5 4c; C • 7 

•3640000 137.7 3(,49/4 41,7 130,8 lsoolli 3Pt:3/F.! 827.3 49c;.5 
364,000 137.7 3644/4 44,S 133.6 150 .s 29;;i;1" 459.2 1,31 ,3 
364.124 137.7 3652/4 40o0 129.1 1so.s 2946/" 442.4 11" .s 
364.274 137.7 3653/4 39.4 12e.5 150.s 29•3/4 439.2 111,3 
364,483 137,7 3652/4 40.0 129,1 1so.s 291'(1/4 43600 1oe.1 
365.000 137.7 3652/4 40.0 12e.~ 15 o .o; 2973/4 430.0 101.9 
366.000 137.7 3655/4 38,3 126.Q 15Q,5 29!1P/" 423.0 ,c;,5 • 0 
367.000 137.7 3654/4 38,9 121.5 150 0 5 2Qt;6/" "19.3 Iii 1.3 
368,000 137.7 3656/4 37o7 126.3 lSo.c; 30~"1" 415.6 8'706 
369,000 137.7 3656/4 37.7 126,3 1so.s 3or9/4 413.3 ,€,!:. 0 
370,000 o.o 0/0 o.o OoO o.o 0/0 o.o o.o 
3710000 13707 3656/4 37,7 126.e 1so.s 3020/ti 408ol eo.7 
3780000 137.7 3659/4 36oO 125,3 159 05 30"71" 395,5 ·69, 0 
3850000 137.7 3660/4 35,5 124,3 150.s 301'3/" 387.9 ,: o .a 
392,000 13707 3(,57/4 37,2 12s.1 15 o .s 307"14 382.6 ,!:6 o2 
420,000 13707 3650/4 41•1 12e.4 1so.s 31~5/" 367,8 41•3 
448.oijo 137.7 3626/4 54.7 145.8 15i!.s 3123/" 359.1 ,:!7 0 7 

* CREEP STRAI~ • TOTAL STRAIN • ELASTIC STRAIN• AVERAGE SHRTl\l<AGE STRAIN H TIME 



386 

STRAIN AND TEflPERIITliRE DAT.ti AFTER L0110lll·G 

,SPECIHN 0•44 

.6 X IAL STRESS 3600 PSI .AXIAL ELASTIC STt=Alll S32o7 MICRO•UNil5 
FlADIAL STRESS 1200 PSI RADIAL ELASTIC STFlAll\ .1,5.7 MICRO•UNll.S 
TEST TE~PERATURE 75 F TEST MOISTURE AIR ORY 

AXIAL GAGE RAO I At GAGE 

TIME TE~P FlEADIDTV TOT STRAIN CREEP* TEMP REA-C /C JI/ TOT STRAII\ CFiEEP• 
(DAYS> IF l (FREQ) (MIC•UNJTS) CMIC•liNITS> (Fl CFt=f'Ql (MlC•UNITS) IMIC•LNITSl 

0.000 70.2 3810/4 o.o o.o 65.o 384@/4 o,o (). 0 
0.000 10.2 2760/4 S34o6 1.9 65.0 3874/4 ··ls, 6 .1 

,167 10.2 2S75/4 611,1 le .4 65.0 3845/4 1.8 n.s 
.201! 70.2 21568/4 613;.9 81,6 65,0 JA-i!:/4 7,7 ·23,4 
.soo 69 0 5 2Sl6/4 634.4 101,6 6S 0 n 3A;@/4 11.9 ·21 • 0 

1.042 70.2 2454/4 6S8 0 3 125.4 6~.2 3Fli7/4 18,4 :33.2 
2.000 70.2 2376/4 687.5 1s5.2 6S 0 0 3A/i6/4 24,9 :~(! .5 
3,167 70.2 2294/4 717.2 184,4 64,2 37i;S/4 31,4 4:3 ,5 
4,000 11oo 2264/4 727,8 196,8 63,5 37P:!/.4 38,4 ,!: C ,8 
5.042 71.0 2?.19/4 743.4 212,7 63,s 3774/4 43.7 ,54 .9 
6.067 71.0 2191/4 753.0 223.6 63,S 3?'H, /4 42,5 ,!:4 ,2 
7,021 70.2 2\56/4 764.8 236.4 63.5 37f9/4 46.6 ,!:e .o 

14.021 70,2 39F.ll/8 817.9 291,2 63.5 37~4/4 61.2 7c.J 
20,979 11.0 3768/8 849.9 325,7 63.'5 37;4 /4 72,8 7.e .a 
28.104 71, 7 3440/8 89S,7 372,4 6r; •. 7 3714/4 78,5 @J,4 
55.987 71, 7 2956/8 955.7 437,7 65.7 36P2111 96,9 i;.5 •• 
83,9~7 71,7 2624/8 991,6 477,4 65,7 36j<f!/4 104,8 101.5 

111,946 71,7 2587/8 995,3 486,5 65,7 36f 3/4 107,7 104 • 7 
140.104 71.o 2149/A 1035 0 5 529,2 6S,Q 3M(l/4 109,4 l O'-' .e 
168,000 72 0 5 0/0 o.o o.o 65,'! 36C6/4 111. 7 llc ,2 
196.000 11.0 0/0 0,0 0,0 65,0 3t,i:21-• 113,9 l t:3 .2 
224,000 71. 7 0/0 o.o o.o 65,1 J6CP./4 110 ,5 109 .2 
253,000 73.2 0/0 o.o 0,0 67,2 36~ 1/4 114,5 11'2,9 
280,000 71,7 010 o.o o.o 65.? 36'!=0/4 115, l 11,11.2 
308,000 71.7 0/0 0,0 0,0 65,7 361:4/11 112,8 110. 1 
336,090 73.2 0/0 o,o o,o 67,2 3667/11 116,8 11,4, 9 

-364,000 71, 7 0/0 o.o o,o 65. '1' 3l!41!/4 116,2 l 14 .1 
364,000 71. 7 2S80/4 609,1 111,4 65,7 3671/4 103,l l O l. l 
364,13/t 7lo7 2642/4 584,0 86,4 65,7 3673/4 102.0 99.9 
364.2911 71,7 2656/4 578,3 eo,6 65.7 36"'13/4 102,0 .99.9 
364,500 71,7 2666/4 574,2 76,5 65,7 3t,jll/4 101.4 ,9c; .4 
365,090 71. 7 2678/4 569,2 71.4 65.7 3674/4 101,4 ,c,c; ,4 
366.ooo 71,7 2697/4 561., 63,4 65,7 3"677 /4 99,? ,q7, 7 
367.ooo 71,0 2708/4 556,. 58,9 65,0 3ne14 99,2 i;6 ,8 
368.ooo 71.o 2714/4 554,l 56,6 65,0 3611!1/4 98.0 ·96 .2 
369,000 71,0 2720/4 551,6 54,4 65,0 36PO/II 98,0 ,i;E .3 
370,000 o.o 010 o.o o.o o.o 0/0 o.o o,o 
371. 000 71. 7 2729/4 547,8 50,7 65,0 36Pt/4 97,4 ,c;.5.8 
378.000 71. 7 2761/4 534.2 37,3 65.7 36P.7/II 94,0 92, l 
385,090 71,7 2780/4 s26,o 28,8 65,7 36i;J/4 91,7 .e9.2 
392.000 71, 7 2799/4 517 ,8 21.1 65,n 3M 6 /4 88,9 86,4 
420.000 71,0 2840/4 499.9 .3 .5 64.2 31r111• 84,3 Bl,4 
448,000 11.0 2860/4 491,1 -4,3 6,s,o 37r6/II 83,l BJo4 

• CREEP SlR.tll!'< • TOTAL STRAIN• ELASTIC STRIIIN - AVERAGE SHRTIIIC.EE STRAIN AT Tlt,1E 



TIME 
CDAYS) 

0,000 
0,000 

,125 
,250 
,500 

1,000 
2,021 
3,188 
4,000 
5,271 
6,042 
7,042 

14,158 
21,042 
28,000 
56,029 
84,071 

112,112 
140,0~2 
365,iioo 
366,000 
367,000 
368,000 
369,000 
370,000 
371,000 
378,000 
385,900 
392,000 
•20.000 
448,ooo 
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STRAIN AND TE~PERATlJRE DATA AFTER LOiCI~G 

,SPECIMEN E•l 

UlAL STRESS 
RADIAL STRESS 
TEST TEMPERATURE 

•O PSI 
2400 PSI 

150 F 

AXIAL ELASTIC ST~AI~ 
RADIAL ELASTIC STRAJ~ 
TEST MOISTURE 

AXIAL GAGE PAOIAt GA,f.!E 

TEMP 
(Fl 

151,2 
151,2 
151,2 
151,2 
152,0 
152,0 
151,2 
152,0 
152,0 
151,2 
151,2 
150,5 
149,7 
150,5 
149,7 
1S0,5 
149,0 
148,2 
149,0 
145,2 
145,2 
145,2 
145,2 
145,2 
146,0 
141,5 
146,7 
146,7 
146,7 
143,8 

o.o 

PEAD/DIV 
(FREQ) 

3879/4 
2125/2 
2141/2 
2147/2 
2156/2 
2162n 
2172/2 
2186/2 
2191/2 
2196/2 
2200/2 
2204/2 
2222/2 
2231/2 

0/0 
0/0 
0/0 
0/0 
010 
0/0 
0/0 
0/0 
0/0 
0/0 
010 
0/0 
0/0 
010 
010 
01n 
0/0 

TOT STRAIN CREEP* 
(MIC•UNITSl (MlC•lJNITSl 

0,0 
•233,7 
•254,9 
•262,9 
•274,9 
•282,9 
•296,3 
-315,3 
-322,0 
•328,8 
•334,3 
•339,7 
•364,4 
•376,9 

0,0 
0,0 
o,o 
0,0 
O,o 
o,o 
0,0 
0,0 
o.o 
0,0 
0,0 
0,0 
0,0 
o,o 
0,() 
0,0 
0,0 

0,0 
•,3 

•20,5 
•28,6 
•41,l 
•47,3 
•56,2 
•73,9 
•77,3 
•82,0 
-86 ,3 
•88,7 

•103,4 
-110.2 

0,0 
o.o 
0,0 
0,0 
0,0 
o.o 
o.o 
0,0 
o.o 
0,0 
o.o 
0,0 
0,0 
0,0 
0,0 
o.o 
0,0 

TEMP 
IF) 

151,2 
151. 2 
15i,2 
151,2 
152,0 
152, O 
15 6 ,5 
lSi,2 
152,0 
151,2 
lSQ,5 
l5o,s 
149,7 
151\,5 
149,7 
150,s 
149,11 
148,2 
149,0 
145,2 
145,2 
145,2 
145,2 
145,2 
146,0 
146,0 
146,0 
141,5 
146,0 
143.o 

o.o 

REA!'/ClV 
IFF,EQl 

2ors12 
33~;?/4 
3:?C:J/4 
3ns14 
3172/4 
31411/4 
31r4/4 
Jn:?3/4 
301U4 
291;1/4 
29'?1)/4 
2<ii:6/4 
2Pf'l/4 
271;1/4 
27C:l/4 
26:i7/4 
24•4/4 
2}51/4 

0/0 
0/0 
0/0 
fl/() 
0/0 
0/0 
()/0 
0/0 
0/0 
0/() 
0/0 
0/0 
0/0 

•233,4 MICRO•UNilS 
368,7 MICRO•UNITS 

AIR Ol<Y 

TOT STRAIN Cl<EEP* 
(MIC•UNITS) <MIC~LNITSl 

o.o 
370,2 
426, l 
440,2 
466,4 
482,l 
.499,5 
.533,3 
,540,3 
552,9 
,562,6 
569,0 
611,8 
642,5 
642,5 
711,4 
779,5 
887,6 

0,0 
0,0 
0,0 
0,0 
o.o 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
o.o 
o.o 

o,o 
1,5 

,57 .4 
71, 7 
·97 • 7 

114,l 
134 • 9 
16P ,4 
177,8 
191,2 
201,5 
210.0 
ase .1 
290,4 
291,6 
37,3 ,0 
451, l 
5S5,4 

0,0 
(). 0 
o,o 
c,o 
C,0 
o,o 
o,o 
o.o 
o,o 
o,o 
(). 0 
c,o 
0,0 

* CREEP STRAIN• TOTAL STRAIN .. ELASTIC STRAIN• AVERAGE SHRi~~~GE STRAIN AT TIME 



388 

STRAIN AND TFt<PERATlJRE DATA AFTER LOH~Hc; 

SPECI"EII: E•4 

AXIAL STRESS 2400 PSI AXIAL ELASTIC STjAJ~ 377.6 MICF<O•UNilS 
RADIAL STRESS 600 PSI RADIAL ELASTIC STRAJ~ •14,6 MICF<O•UNITS 
TEST TEMPERATURE 150 F TEST MOISTURE AIR 01<'1 

AXIAL GAGE RADIAL C:AGE 

TIME TEMP F<EAD/DIV TOT STRAIN CREEP* TEMP REAl'.'/CtV TOT STRAit,. CF<EEP* 
(DAYS> IF) IFREQ) (MlC•UNtTS) (MlC•lJN!TS) (Fl IFl<EQl IMIC•UNilS) lt-!IC-L:NITS> 

0,000 152.7 3950/4 0,0 0,0 152,7 20 l 0/2 o.o o.o 
0,000 152,7 3274/4 378,5 ,9 152,7 4043/4 ·• 14,4 ,3 

,125 152.7 3209/4 411, i 34,5 15?,7 20161'2 •7,5 ·7 • 2 
,250 152,7 3i92/4 4i9,~ 42,9 152,7 2016/2 •7,5 7,5 
,500 152,7 3170/4 430,4 53,2 152,7 2015/2 -6,2 .e ,4 
,979 153,5 3695/4 466,8 91,4 153,5 26i7/2 •8,7 ,t:. 7 

2.000 152.0 3670/4 478.B 107,9 152,0 2il19/2 •11,2 7,6 
3,188 152,0 3014/4 SoS,2 135,5 152,0 2&2012 -12.5 t:. 0 
4,000 152,0 2999/4 512,2 145,9 152.0 20??/2 •15.o .5 .9 
s.2oe 151.2 2987/4 517, 7 153.6 151.2 2022/2 •15,0 t:. 7 
6.083 151,2 2976/4 522,8 159,8 151.2 2023/2 •16,3 t:. 0 
7,042 151,2 2968/4 526,5 166,6 1,51, 2 2023/2 •16,3 P,l 

14,158 151,2 2912/4 552,0 202.0 15),2 2023/2 •16,3 }.:? • 4 
21,050 151,2 2A50/4 579,7 235,4 151,2 202 0/2 -12.5 lP,8 
27.971 151,2 2767/4 615,8 274,6 151,2 2018/2 •10,0 22,5 
56,()29 149,0 2757/4 620,1 295,2 149,0 2027/2 ·•21,3 2,3, 7 
84,071 149,7 2687/4 649.~ 333,2 156,5 201e12 -10,0 4,5, 0 

112,112 149,7 2638/4 669,9 352,5 15 O .5 2014/2 •5,0 H,2 
140,096 150,5 2646/4 66b,6 351,9 150,S 2ij10/2 o.o .53, 7 
168,000 148,2 2629/4 673,5 360,9 148,2 20('8/2 2.5 ,5'9 o 4 
196.130 147,5 2610/4 681,3 371.2 148,2 20~1/2 11,2 71, l 
224,000 148,2 2S56/4 702,9 391.8 149.0 39P9/4 19,2 e1.1 
252,000 149,7 2556/4 102,9 394,0 147,5 3971)/4 31,0 ·97 o 6 
280,000 146,7 2528/4 713,9 401,8 149,0 1)/0 0,0 0,0 
308,000 147,5 2514/4 7i9,4 407,8 149. 7 0/0 o.o o.o 
366,000 146.7 2500/4 724,8 4l3, 7 148.2 0/0 o.o 0,0 

•364,000 146.7 2491/4 728,3 416,5 147.S 0/0 o.o o.o 
364.000 146,7 3260/4 385,6 73.8 147,5 0/0 0,0 o.o 
364,125 146,7 3291/4 369,8 5S.o 147,5 0/ll o.o o.o 
364,250 146,7 32%/4 367,3 55,5 147,5 0/0 o.o o.o 
364,500 146,7 3302/4 364,2 52.4 147.is 0/0 0,0 o.o 
365,ooo 146,7 3310/4 360ol 4S,O 147,5 0/0 0,0 0,0 
366,000 146,7 3322/4 353,9 41,6 147,S 0/0 o.o o,o 
367.000 146.7 3329/4 350,3 38,0 147,5 0/0 o.o OoO 
368,000 146,7 3335/4 347,2 34.9 147,S 0/0 o.o 0,0 
369.000 146.o 3342/4 343.6 31,3 l4i:1,2 0/C 0,0 o,o 
310.000 146,7 3346/4 341,5 29,2 147,5 0/0 o.o o.o 
371,000 146,7 3350/4 339.4 27,6 147.5 0/0 o.o o,o 
378,000 145.2 3371/4 32805 16,9 147,c:; 0/0 o.o o.o 
385,000 145,2 3386/4 320,7 S,6 147,c; 0/0 o.o o.o 
392,000 145.2 3400/4 313,3 •• 146,7 0/0 o.o 0,0 
420,000 145,2 3436/4 294,2 •19,4 146.7 0/0 o.o o,o 
448,000 140,0 3478/4 271. 7 •38.0 143,P 0/0 o.o c,o 

* CREEP STRAlt,. • TOTAL STRAIN• ELASTIC STR/IIN • AVERAGE SHAT~l<Ac:E STRAIN AT TI11E 
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STRAIN AND TE~PERATliRE DATA AFTER LOAOlt,.G 

SPEC1"1EN E•5 

AXIAL STRESS 600 PSI AXIAL ELASTIC ST~Alt,. 37o7 MICRO•UNITS 
RACIAL STRESS 600 PSI RADIAL ELASTIC STRAtt,. 56o7 MICRO•UNITS 
TEST TE"1PERATURE 75 F TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL c;A,€E 

TIME TEl'P READ/DJV TOT STRAIN CREEP* TEMP REAC/CT\/ TOT STRA IJ1; Cl<EEP* 
(DAYS> (F) (FREQ) (MIC•UNITSl (MlC•liNITSl <Fl .. (FPEQ) (MIC•UNilS) l~IC•LNlTS> 

0.000 74.o 2188/2 o.o o.o 74.0 21!:3/2 o.o O•O 
OoOOO 74.o 2160/2 37.7 .o 74.o 2110/2 56.8 • l 
.12s 74.7 2155/2 44.4 6.7 74.7 2lii4/2 64. 7 '7 • 6 
.250 75 0 5 2154/2 45.8 e.o 7s.s 21r412 64.7 '7. 7 
.soo 74.7 2154/? 45.8 7.5 74.7 2li\2/2 67.3 10.1 

1.000 74.7 2153/2 47.l e.4 14.1 21~0/2 69.9 12 .6 
2.000 75 0 5 2151/2 49.8 10.9 1c;.s 21ro12 69.9 n.2 
3.167 74.7 2150/2 51.l 12.2 1c;.s 2oc;912 11.2 l3.0 
4.021 74.7 2150/2 51.i 12o2 74o7 2Q~9/2 71.2 1;3 .3 
502oe 74.0 2150/2 s1.1 l2o2 7400 20«;9/2 71.2 };3.3 
60125 7400 2150/2 5loi 12.e 74.0 2oc;e12 12.5 },!: • 3 
1.os3 74.7 2150/2 5lol l3.5 74.7 2oc;1n 73.8 H: o4 

14.196 76.3 2145/2 57.8 20.1 76~3 20c;212 ao.3 2'2. e 
21.062 75 0 5 2) 44/2 59.1 21.3 75.s 2o~e12 85.5 cE,3 
28.021 74,7 2144/? 59,i 21.6 74.7 20P9/2 84.2 2f.S 
56.042 74.7 2142/2 61.7 23.4 74o7 20P7/2 86.8 ·2c; .4 
84o07s 74o7 2136/? 69.7 31.4 1,.1 20P3/2 9 l o9 ,34 .1 

112.112 75o5 2]36/2 69.7 31,9 1,;.s 20P1/2 94,5 ,:!7 o4 
1400083 76o3 2139/2 65.7 27o2 1s.s 20P2/2 93.2 :J!: .4 
168.000 74o7 2138/2 67.1 2e 0a 74.1 2QP0/2 9508 .'.?7.6 
1960130 74.7 2137/2 68.4 2S.6 7s.s 20P0/2 95.8 :37 • 0 
224.000 74.7 2138/2 67ol 2505 7So5 20'77/2 99o7 ,JE 08 
2520000 76.3 2137/2 68.4 24o7 76,3 20:;sn 102.2 :3,c; o 9 
280.000 75.5 2135/2 11.0 26.3 17.0 20'74/2 103.5 ,3c; .0 
308.000 77.o 2136/2 69.7 23.l 77o0 2074/2 103.5 ;:!7.4 
336.000 76,3 2135/2 71.0 22.6 76.3 211'74/2 10305 :3!: .6 

•364.000 76.3 2133/2 73.7 24ol 76.3 2072/2 106.l ,'.?7 .1 
364.ooo 7(, .3 2162/2 35.l •14 .5 76.3 2113/2 52.9 •H: .1 
3640125 76.3 2} 63/2 33.7 •1·5 .a 76o3 2114/2 51.6 -n .4 
364.254 76.3 2164/2 32.4 •17 .2 76.3 2114/2 51.6 -n.4 
364.500 76.3 2163/2 33o7 •1·5 .8 76.3 2li412 51.6 -17.4 
365.000 76o3 2164/2 32o4 •17o3 76.3 21 i 5/2 5o.3 •ie.9 
3660000 76.3 2165/2 31.0 .. 1e .a 76.3 21 ]6/2 49.0 -20.3 
367.000 76.3 2165/2 31.0 -1e. 1 76o3 2116/2 4900 •20.4 
368.000 76.3 2165/2 31.6 -1e.9 76.3 2117 /2 47.7 -21 .5 
3690000 76.3 2165/? 3100 -ie 06 76 .3 2116/2 49.0 -ic;oe 
3700000 76.3 2)65/2 3lo0 •1808 76.3 21 i 71? 47.7 ·21 o5 
3710000 76.3 2165/? 31.0 -1e .9 76.3 2116/2 49o0 -2003 
3780000 74o7 2167/2 28.4 -22.2 75.5 2119/2 4500 •24o9 
3850000 74.0 2167/2 2804 •23.3 74o7 21 i 8/2 46.3 -2406 
3920000 74.7 216712 2804 -22.0 75.5 21]9/2 45.0 •2,!:. 5 
420.000 74.7 2167/2 28.4 •24 .3 7s.s 21 i 9/2 45.o •Z7 .o 
448.000 11.0 2168/2 21.0 •26.1 11.0 2119/2 4500 •2,f .9 

* CREEP STRAII\ "' TOTAL STRAIN • ELASTIC STRIIJN. AVERAGE SHRtt,.1<AC:E STRAIN Al TI~E 
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STRAIN ANO TE~PERATliRE DATA AFTER L011CI<l'\G 

SPECIMEN E•lO 

AXIAL STRESS -o PSI AXIAL ELASTIC ST~AII'\ •OoO MICRO•UNITS 
F<ADIAL S1RESS •O PSI RADIAL ELASTIC STRATI\ •OoO MICRO•UNITS 
TEST TEMPERATURE 150 F TEST MOISTURE AS CAS1 

AXIAL GAGE RADIAi. GAGE 

TIME TEt,1P F<EAO/OyV TOT STRAIN CREEP* TEMP RE AC/CJ\/ T01 STRAll'. CF<EEP* 
<DAYS) (Fl (FREQ) IMIC•UN!TS) (MlC•LNITS> (Fl IFr:.EQl (MlC•UNilSI (t,1IC"'LNITSI 

0.000 151.2 2()62/? o.o o.o 15 i • 2 3Bi: 0/4 o.o o,o 
0.000 151.2 2(162/2 o.o o.o 151.2 38H/4 o.o o.o 

.125 1s1.2 2664/;i -2.6 o.o 151,2 381'2/4 .. 1.2 o.o 
,250 151,2 2664/2 .2 ,fl o.o 15!,2 JPl'l/4 •• 6 o.o 
,5oo 152,0 2063/2 -1,3 o.o 15;:, • o 3en14 -1.2 o.o 
,979 152,0 2Q64/? .. 2.6 o.o 152,0 38114/4 •2,4 o.o 

2.000 1so.5 206812 .7,7 o.o 150,5 3P"14/4 -8,4 c.o 
3,167 1so,5 2ij70/2 -10.2 o.o 15ii,5 3874/4 .. 8,4 o.o 
4,021 1so.5 2070/2 -10.2 o.o 1so.5 38H,14 -9,6 o,o 
5.2oe 1so,5 2ii70/2 -10,2 o.o 15ii .s 3P77/4 -10.2 c,o 
6,104 150,5 2071/2 -11.s o.o 150.s 3819/4 •11,4 0,0 
7.083 149,7 2073/2 •14,l o.o 150.s 38f4/4 •14,4 o,o 

i4,l96 149,0 2c,76/2 •iB.o o.o 149,7 3ec;o14 -1e.o O,O 
21.062 150,5 2077 /2 -j9,2 o.o 15ii,S 3pc; 2/4 •19,2 O•O 
20.021 149.7 2078/2 -20.s o.o 149, 7 3895/4 -21.0 o,o 
56,029 146.7 2091/2 -37.3 o.o 147,S 39el/4 •36,B o.o 
84.0~3 147.5 2087/2 •32,2 o.o 148,2 39~2/4 •25.3 o.o 

112.1~4 147,5 2086/? •30.9 o.o 149,0 3P94/4 •20,4 o.o 
140,083 147,5 2086/2 •30,9 o.o 147,S 3893/4 •19,8 o.o 
168,000 146,0 2686/2 -30,9 o.o 147,5 3P92/4 •19,2 o.o 
196,130 146,0 2ii86/2 •30.9 o.o 149,7 3890/4 •18,0 o.o 
224,000 146,0 2686/? •30,9 o.o 147,c; 38C:0/4 -10.0 0,0 
252,000 143,0 2094/2 •41,2 o.o 146,0 39r614 •27,7 0,0 
280,0~0 146,0 2ii86/2 •30,9 o.o 147,5 38F2/4 •13,2 o.o 
300.000 146,7 2085/?. -29,6 o.o l4R,?. 0/0 o.o o.o 
336,000 146,0 2685/? -29,6 o.o 147 .s 0/0 o.o 0,0 

•364,000 146.0 2082/? •25,7 o.o 148,2 0/0 o.o OoO 
364,000 146,0 2682/2 •25,7 o.o 141;1,2 0/0 o.o o.o 
365,000 146,0 2082/2 -25,7 o.o 147,S 0/0 o.o o,o 
366,000 146,0 2082/2 •25,7 o.o 147,S 0/0 o,o o,o 
367,000 146,0 208212 -25,7 o.o 147,5 0/0 o.o o.o 
368,ooo 146,0 2082/2 -2s.7 o.o 147,S 0/0 o.o o,o 
369,000 146,0 2982/2 -25,7 o.o 147,S 0/0 o.o o,o 
370,000 146.0 2082/2 •25o7 o.o 147,'5 0/0 o.o o.o 
371.ooo 146,0 2082/2 •25,7 o.o 147,S 0/0 o.o (J. 0 
378.000 145,2 26821? •25o7 o.o 146.7 0/0 o.o c.o 
3850000 145.2 2()811? •24.4 o.o 146.7 0/0 o.o O•O 
392.000 144 05 2081/2 -24.4 o.o 147.S 0/0 o.o o.o 
420,000 144 05 2080/2 -23.1 o.o 147 05 0/0 o.o o.o 
448,000 141,S 2ii87/2 -32.2 o,o 153.s 0/0 o.o o.o 

* CREEP STRAI~ • TOTAL STRAIN• ELASTIC STRAIN• AVERAGE SHAH,l<l!C:E STRAIN AT Tlt,1E 
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STRAIN AND TEPIPER1\TlJRE DATA AFTER LO~tlt-.G 

SPECIMEN E•l3 

AXIAL STRESS 600 PSI AXIAL ELASTIC STiAlt-. 32.0 MICl<O•UNilS 
l<ADIAL STRESS 600 PSI RADIAL ELASTIC STFIA Jt-. 50•7 MICRO•UNITS 
TEST TEMPEFIATURE 75 F TEST MOISTURE AIR DFIY 

AXIAL GAGE RADIAi '3AH 

TIME TEMP READ/DIV TOT STRAIN Cl<EEP* TEMP REAC/CJV TOT STRAlt-. Cf.EEP• 
<DAYSI (Fl (FREQ) (MIC•UNITSl (MlC•lJ!l:ITSl (Fl (FAEQ) (MIC•UNITS) (MIC""LNITSl 

0.000 74.0 2011/2 o.o o.o 60.s 3Al9/4 o.o o.o 
0.000 74.0 3970/4 32.2 .2 6~.s 31~2/4 so.9 .2 

•125 74,7 3960/4 38.4 6.3 61.3 37::2/4 56.7 ·6 • l 
.250 74.7 3957/4 40.2 e.5 61.3 37;214 56.7 ,6 .o 
.s~o 75.5 3958/4 39.6 7.4 62.0 37i714 59.6 .e .3 

1.000 75.5 3954/4 42.0 9.8 62.0 37il/4 63.0 11 • 4 
2.000 75.5 3951/4 43.9 12.2 62.0 31ii114 68.8 1,6. 0 
3.167 75.5 3950/4 44.5 12.4 62.0 3M6/4 71.6 n.4 
4.021 74.7 3950/4 44.5 14.2 6i.3 36C:!5/4 72.2 1e.2 
5.211 74.0 3950/4 44.5 14.5 6o.5 36C:2/4 73.9 1e.0 
60104 74.7 3950/4 44.5 1,!: • 8 60.s 36C0/4 75.l 20.4 
1.083 74.7 3950/4 44.5 16,8 61.3 3685/4 77.9 ·23. 0 

14.196 77.0 3939/4 5lo2 2s.1 62.0 365e/4 93.3 ,36 • 0 
21.062 75.5 3939/4 51.2 21.1 6;,.o 3646/4 100.1 .Jc;. 7 
28.021 74.7 3940/4 so.~ 27.9 62.0 3640/4 103.5 .4 0 .o 
56.021 74.o 3939/4 Slo2 33.9 61.3 36::0/4 114. 7 .4f .c; 
84.063 75.5 3933/4 54.9 41.3 62.0 36~0/4 125.9 ,5,6 .2 

112.104 75.5 3933/4 54.9 46.7 62.0 3593/4 129.8 ,6 0 .5 
140.083 74.7 3943/4 48.B 43.1 61.3 3"iPCi/4 132.0 .E.:3.1 
168.000 74.7 3Ci44/4 4tl,2 45.o 61.3 35!14/4 134.8 .n.o 
196.130 75.5 3943/4 48.8 48.1 62.0 35!1 :!/4 135.4 ,6e. 3 
224.000 75.5 3945/4 47.5 47.7 62,0 35!12/4 135.9 ,Ee .2 
252.000 75.5 3953/4 42.6 42.7 62.0 3574/4 140.4 '7'2 .4 
280.000 11.0 3952/4 43,3 44.9 62.7 3573/4 140.9 ·7.3 .8 
308.000 77.o 3957/4 40.2 41.9 63.S 3S71/4 142.0 ·7,3 .6 
336.000 76.3 3955/4 41.4 43.9 62.7 3571/4 142.0 '73 .9 

•364.000 11.0 3954/4 42.o 45 .o 63.S 3561:!/4 145.4 7,6.9 
364.000 11.0 2018/2 -8.7 -s.e 63.S 3664/4 89.9 ·21 .5 
364.125 11.0 2019/2 -10.0 -1.0 63.5 3667 /4 80.2 1c;.e 
364.250 n .o 2019/2 -10,0 .. 7 • 0 62.7 36,.7/4 es.2 19 .a 
364.500 11.0 2020/2 -11.2 •Bo3 6:,.s 36EP./4 87.6 J9o2 
365.ooo 11.0 2021/2 -12.5 .. 906 63.5 3673/4 84.8 16 .4 
366.ooo 76.3 2022/2 -13.8 •il,O 62.0 3674/4 84o2 H: .e 
367.ooo 1100 2022/2 •1308 •1009 62.1 3674/4 84•2 t,!!06 
368.000 76o3 2023/2 -15.0 •11.9 62.o 3F,7!5/4 8306 l.!5 •5 
3690000 76.3 202212 -13,8 •10.3 6200 3675/4 83.6 1•5 06 
370.000 76.3 2023/2 -1soo •11 o 7 62o0 367!5/4 8306 1·5 oS 
371.000 7603 2023/2 -1s,o -11.5 6;;00 3676/4 83.1 1·5 • 0 
378o~OO 74.7 202612 • 1s.e -is .o 6lo3 36P 2/4 79.6 11.4 
385.ooo 75o5 2~25/? -17,5 •14 .1 6200 31\!12/4 7906 lC • 7 
3920000 1s.s 2026/2 -18,8 •14 .9 62.0 31\!13/4 79.1 1Co3 
420.000 75.5 2027/2 -20.0 •1-sos 62.o 36P3/4 79ol f; o9 
4480000 76o3 2030/2 -23.8 -1@.6 63o5 36P7/4 76.8 e o 7 

* CREEP STRAIN = TOTAL STRAIN • ELASTIC STRAIN• AVERAGE SHRJt-.l<bGE STRAIN AT Tlt,tE 
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STRAIN AND TEf,IPERATliRE DATA AFTER LO~DII\G 

S.PECIMEN E-18 

AXIAL. STRESS 2400 PSI AXIAL ELASTIC STRAll\ 32203 MICRO-UNITS 
RADIAL STRESS 600 PSI RADIAL ELASTIC STRAII\ •4.2 MICRO-UNITS 
TEST TEMPERATURE 150 F TEST MOISTURE AS CAST 

AXIAL GAGE RAO I AL Gl'IGE 

TIME TEMP READ/DIV TOT STRAIN CREEP• TEMP REAC'/ClV TOT STRAIJI. CF<EEP• 
(DAYSI (Fl (FREQ) (MIC-UNITS) (MIC•liNITSl IF) IFRFCll (MIC•UNITS) (MIC•LNITS> 

0.000 152.7 2~44/2 o.o o.o 140.0 37PS/4 o.o O•O 
0.000 152,7 3543/4 322,3 .o 140.0 37c;2/4 -4.l • 1 

.12s 152.7 3511/4 339,8 lB ,B 14 o. o 3779/4 3.5 e.6 
,250 1s2.o 3501/4 345,2 24,2 140.0 37?7 /4 4,7 ·CJ·" 
,500 152,7 3490/4 351,2 29,5 140. 7 3776/4 5.3 10,1 
.979 153.5 3433/4 381,8 60,6 139.2 37110/4 2,9 ,c; .6 

2.000 1s2.o 3413/4 392,4 7-6. 1 138.S 37P9/4 -2.3 e.e 
3,146 152,0 3383/4 408,2 92.3 138,5 37c;0/4 -2.9 7,S 
4.250 152.o 3371/4 414 0 5 100,1 138.s J7c;7/4 -7.1 ,S .3 
5.2so 151.2 3369/4 415.5 102.2 138.'5 37c;4/4 -5,3 e.s 
6,083 1s1,2 3356/4 422•3 109,6 13Ro5 37c;7/4 -1.i e.1 
7,042 150.s 3351/4 424.9 lU.9 138.c; 3Rr2/4 -10.0 e,4 

14 .1 «,7 151.2 3310/4 446,i 142,5 138,5 3799/4 -8.2 1,3, 8 
21.062 1s1.2 3257/4 473,o 170 .5 138.5 37c;S/4 -5 09 1 CJ .1 
20.0?1 1so.s 3268/4 467,5 167,7 l3R,c; 37-c;l!/4 .1.6 21.0 
56.021 148,2 3159/4 521,8 235 .o 135,'5 3e;s14 -23.6 1 e ,6 
84,075 149.0 3i22/4 539,8 250,9 136,2 3Ri 3/4 •16 05 24 ,9 

112.104 149. 0 3ii78/4 560,9 272,6 137 • O 3Ri3/4 -16,S H.9 
140.083 147.5 3063/4 568,l 21e.1 136.2 3Ri4/4 -11 .1 2,e. 3 
168,000 146.7 3021/4 587.9 297.9 134.7 3Pi3/4 •16,5 ,::1.1 
196.130 146.7 2944/4 623.5 333,B 134,7 3P i\4 /.4 -11.2 ,37 • 0 
224,000 146.7 0/0 o.o o.o 134.7 37CJ1/4 -3.5 47.l 
252,000 144,5 0/0 o.o o.o 132.s 3779/4 3.5 ,s 1. 1 
2800000 146,7 0/0 o.o o.o 134.7 36P7/4 56.7 102•6 
308,000 148,2 0/0 O•O o.o 136.2 0/0 o.o O•O 
336,000 146.7 0/Q o.o o.o 139.2 0/0 o.o o.o 

-364,000 146.7 0/0 o.o o.o 134.7 010 o.o o.o 
364.000 146.7 010 o.o o.o 134.7 0/0 o.o c.o 
364.125 146.7 0/0 o.o o,o 134,7 (1/0 o.o (I .o 
364,250 146.7 0/0 o.o o.o 134,7 0/0 o.o o.o 
364.500 146,7 0/0 o.o o.o 134,7 0/0 o.o r.o 
365.000 146.7 Olii o,o 0,0 134.7 0/0 o.o !loO 
366.000 146.7 0/0 o.o o.o 134,7 (1/0 o.o o.o 
367.ooo 146.7 O/o o,o o.o 134.7 0/0 o.o o.o 
368,000 146.7 0/0 o.o o.o 134.7 0/0 o.o o.o 
369,000 146.7 0/0 o.o o.o 134,7 !l/0 o.o o.o 
370,000 146.7 0/0 o.o o.o 134,7 0/0 o.o c.o 
371.000 146.7 0/0 0,0 o.o 134,7 0/0 o.o c.o 
371,000 146.7 0/0 o.o o.o 134,7 0/C'l 0. 0 o.o 

* CREEP STRAII\,. TOTAL STRAtN - ELASTIC SlRAilli • AVERAGE SHPTl\l<A,GE STRAIN I'll TIME 
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STRAIN ANO TEt,,PERATlJRE DATA AFTER LOACJt,G 

SPECIMEN E•23 

AXIAL STRESS -o PSI AXIAL ELASTIC STAAlt, -o.o M ICRO•UN I TS 
AAOIAL STRESS -o PSI RADIAL ELASTIC c;Tl<A JI\ -o.o MICRO•UNITS 
TEST TE~PERATURE 75 F TEST MOISTURE AIR OR'Y 

AXIAL GAGE RAO I Al GA,GE 

TIME TE~P READ/DIV TOT STRAIN CREEP* TEMP REAC'/CI\/ TOT STRAI" CF<F.EP• 
(DAYSI IF) (FREQ) (MIC•UNITSl (MIC•lJNITSl (Fl IFFlECI (MlC•UNllSl (MIC'"'LNITSl 

0.000 73.2 2054/2 o.o o.o 73.2 204012 o.o o.o 
0.000 73.2 2054/2 o.o o.o 73.2 2040/2 o.o c.o 

.125 73.2 2(\55/2 -1.3 o.o 73.2 2040/2 o.o o.o 

.250 73.2 2055/2 -1.3 o.o 13.2 20111/2 -1.3 c.o 

.500 73.2 2054/2 o.o o.o 73.2 21140/2 o.o o.o 
1.000 73.2 2054/2 o.o o.o 74.0 20110/2 o.o o.o 
2.000 74.o 2653/2 1.3 o.o 74.0 20:!!l/2 2.5 (). 0 
3.146 74.o 2053/2 1.3 o.o 74.7 20:!7 /2 3.8 () .o 
4.021 74.o 2654/2 O•O o.o 74.7 20:!7/?. 3.8 O•O 
5.250 74.0 2056/2 -2.s o.o 74.0 20·.nn 3.8 o.o 
6.083 74.o 2056/2 -2.5 o.o 74.0 20:!712 3.8 (). 0 
0.2so 74.0 2056/2 -2.5 o.o 74.o 20:!6/2 5.1 o.o 

15.363 74.7 2056/2 -2.5 o.o 74.7 2031/2 11.4 C•O 
21.062 75.5 2057/2 -3.8 o.o 7s.s 2028/2 1s.1 O•O 
20.021 74.7 2ii58/2 .. 5.1 o.o 74.7 2027/2 16.4 (). 0 
56.0Zl 74.o 2n6412 -i2.8 o.o 74.7 202'!12 18.9 c.o 
84.o7s 75.5 2i\64/2 -12.0 o.o 75.s 2020n 25•2 C•O 

112.104 74.7 2067/2 •i6o6 o.o 74.7 20)9/2 26.4 C•O 
140.096 74.7 2n69/2 -i9.2 'll.o 75.5 2020/2 25.2 o.o 
168.ooo 74.0 2()70/2 -20.s o.o 74.0 2020/2 25.2 OoO 
196.130 73.2 2072/2 -23.0 o.o 7'5.5 2020/2 25.2 o.o 
224.000 74.0 2673/2 -24.3 o.o 7~.o 2020/2 25.2 c.o 
252.000 75,5 2072/2 -23,o o.o 1i;,5 2019/2 26,4 o.o 
280.000 75.5 2073/2 -24.3 o.o 75 .s 2020/2 25.2 c.o 
300.000 75.5 2074/2 -25.6 0,0 u,.3 202012 25.2 o.o 
336.000 75.5 2n1512 -26.9 o.o 75.5 2020/2 2s.2 o.o 

•364.000 75.5 2074/2 -25,6 o.o 75.5 2019/2 26.4 c.o 
364.000 75.5 2074/2 -25,6 o.o 1i;.s 20)9/?. 26.4 O • O 
365.000 75.5 2674/2 -25.6 o.o 75.5 2019/2 26,4 o.o 
366,000 75.5 2075/2 -26.9 o.o H,3 2020/2 25,2 o.o 
367.ooo 75.S 2074/2 -25,6 o.o 15.s 20)9/2 26.4 () .o 
368,000 75.5 2675/2 -26.9 o.o 77.0 2020/2 2s.2 o.o 
369.ooo 75.5 2675/2 •26,9 o.o 77.0 2020/2 25,2 O,O 
370.000 75,5 2ii75/2 •26,9 o.o 11.0 21no12 25.2 o.o 
371.000 75.s 2075/2 -26,9 o.o 77,0 2020/2 25,2 c.o 
378.000 1s.5 2ii76/2 -28,2 o.o 74.·7 202] /2 23,9 0,0 
385.o~o 74,0 2Q76/? -2s.2 o.o 7~.ii 2020/2 25,2 o.o 
392.000 74,7 2076/2 -20.2 o.o 74,7 2020/2 25,2 o.o 
420.000 74.7 2076/2 -28.2 o.o 74,7 202!!/2 25,2 o,o 
448,000 74,7 2678/2 •30,7 o.o 74.7 202112 23.9 o,o 

* CREEP STRAI" = TOTAL STRAIN• ELASTIC STRAIN. AVERAGE SHRTl'.I< OGE STRAIN Al TIME 
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STRAIN ANO TEl<PERATliRE DATA AFTER LOACI1t,G 

SPECIMEN E•28 

AXIAL STRESS -o PSI AXIAL ELASTIC STiAll"I •OoO MICRO•UNil5 
!<ADIAL STRESS -o PSI RADIAL ELASTIC <;lRAit,.. •OoO MICR0•UNIT5 
TEST TEMPERATURE 75 F TEST MOISTURE AS CASl 

AXIAL GAGE RAO I Ai. GA,GE 

TIME TEMP READ/DIV TOT STRAIN CREEP* TEMP REAr1r111 TOT STRAI!I. CF,EEP* 
(DAYS) (Fl (FREQ) (MIC-UNITS) (MIC•litqTS) (Fl (FI-FCI l (MIC•UNITS) (MIC-LNITS> 

0.000 73.2 2139/2 o.o o.o 62.7 201!9/2 o.o o.o 
0.000 73.2 2139/2 o.o o.o 62o7 20r:9/2 o.o o.o 

.12s 73.2 2}39/2 o.o o.o 63 0 5 201:712 2.6 c.o 

.2so 73.2 2140/2 -1',,3 o.o 62.7 2flcen 1.3 o.o 

.soo 74.0 2139/2 o.o o.o 63 0 5 211ce12 1.3 o.o 
1.000 74. 7 2]38/;:i 1.3 o.o 63.5 2or:7 /2 2.6 o.o 
2.000 75 0 5 2137/2 2.1 o.o 64.2 2il~6/2 3.8 o.o 
3.146 1s.s 2138/2 1.3 o.o 64.2 20"6/2 3.8 o.o 
4.021 74. 7 2137/2 2.1 o.o 64.2 20C:6/2 3.8 o.o 
5.2so 74.0 2138/2 1.3 o.o 62.7 201:112 2.6 o.o 
6.083 74.o 2138/2 1.3 o.o 6301:i 201:7 /2 2.6 OoO 
a.2so 74.7 2139n o.o o.o 63 05 2011712 206 OoO 

1s 0 363 1s.s 2\38/2 lo3 OoO 64.2 2oi:c;12 s,1 o.o 
210062 75 05 2136/2 4.0 000 64.2 20"4/2 6.4 o.o 
280021 75o5 2138/2 1.3 OoO 64o2 201:612 3.8 OoO 
56.021 74.7 2139/2 o.o o.o 63.13 2or:9/2 o.o o.o 
84.075 75.5 2139/2 o.o o.o 6;.2 20C:5/2 '5. 1 o.o 

112.104 75 0 5 2140/2 -1.3 o.o 64.2 2nr:6/2 3.8 o.o 
140.100 1s.5 2140/2 -1.3 o.o 64.2 20t:6/2 3.8 o.o 
168.ooo 74.0 2140/2 -1.3 o.o 63 05 2oi:s12 Sol OoO 
196.130 74.0 2139/2 o.o o.o 63.s 201:sn 5.1 o.o 
224.000 74.7 2138/2 1.3 o.o 63.S 201:412 6.4 o.o 
252.000 75o5 2136/2 406 OoO 6c;.o 201:212 8.9 o.o 
200.000 (,12 o2 2134/2 6.6 o.o 67.2 21)1:0/2 11 os O•O 
3080000 77 • 7 2134/2 606 o.o 66 .i; 2049/? 12.7 o.o 
336ooi>o 76.3 2132/2 9.3 o.o 66 0 5 2047/2 15.3 o.o 

-3640000 76.3 2130/2 11.9 o.o 615.o 2065/2 17 .a c.o 
364.000 76.3 2130/2 11.9 o.o 65.0 2045/2 11.a (Io 0 
365.ooo 76.3 2130/2 11.9 o.o 6c;.o 2045/2 l7 o8 OoO 
3660000 75.5 2131/2 1006 o.o 65.1) 2066/2 16 o5 OoO 
367.oi>o 75 0 5 2131/2 10.6 o.o 6c; • 0 2046/2 16 0 5 o.o 
3680000 7sos 2131/2 10.6 OoO 6500 20lo6/2 1605 OoO 
369.oOo 75.5 2131/2 1006 o,o 6c;oo 204"12 16.5 OoO 
370,000 75,5 2131/2 10.6 o.o 65,0 2046/2 }605 O•O 
3710000 75os 213112 10°6 OoO 65oO 2046/2 16o5 O•O 
375.000 74o7 2131/2 10.6 OoO 61;,0 20i,f,/2 lfloS CoO 
3es.ooo 74o7 2130/2 11,9 OoO 65.0 204~/2 17 .a OoO 
3920000 74,7 2130/2 11.9 OoO 64.2 2044/2 I9ol o.o 
4200000 7407 2129/2 p.2 000 6402 2044/2 19,1 o.o 
448,ooo 74.7 2127/2 15,9 o.o 63.5 2~43/2 20•3 C•O 

* CREEP STRAIN• TOTAL STRATN .. ELASTIC STRAJN AIIERAGE SHATt,..t<HiE STRAIN AT TIME 
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STRAIN ANO TEt,,PER1HlJRE DATA AFTER LOACII\G 

,SPECit,,EN E•J9 

IIXIAL STRESS 600 PSI AXIAL ELASTIC ST~AII\ 87•3 MICRO•UNilS 
RADIAL STRESS -o PSI RADIAL ELASTIC STRAll\ •25.6 MICRO•UNITS 
TEST TEr,,PERATURE 75 F TEST MOISTURE AS CASl 

AX I AL GAGE RADIAL GIIGE 

TIME TE11,1P REAO/OJV TOT STRAIN CREEP* TEMP REAUCIII TOT STRIIII\ CF<EEP* 
(DAYS) (Fl (FREQ'> (MIC•UNITS) (MIC•lJNITS) (F) cFr:.EQi 1MlC•UNITS) (MlOaiLNlTS) 

0.000 74.7 .2032/2 o.o o.o 62.0 20"4/2 o.o o.o 
0.000 74. 7 3923/4 87.3 ·-.o 62,0 2074/2 •25.6 ·-. 0 

, 125 74.7 3911/4 94.6 1.3 62,7 2074/2 •25.6 ··4 
.250 74,7 3907/4 97,0 9,7 62.0 21'1'74/2 •25,6 •• 2 
.soo 74,0 3912/4 94,0 6.1 62.1 2074/2 •25.6 .•• 5 

1.000 74.7 3900/4 101,2 13,0 62.1 2075/2 •U,.9 ·• l e9 
2.000 75,5 3896/4 103.6 1,5 .2 62,7 2073/2 ·•24,3 ,4 
3.146 75.5 3891/4 106.7 1e.3 63.5 2iT'?4/2 •25.6 ·-1.s 
4.021 74,7 3891/4 106.7 18 .2 62.0 2074/2 •25,6 -1.1 
5.2so 74, 7 3890/4 107.3 18,8 62.0 207512 •26.9 ·-·~ .4 
6.083 75,5 3890/4 167.3 19.4 62.7 2075/2 •26,9 ·• 1, 7 
8.2so 75.5 3887/4 109.1 21,9 63.S 2074/2 •25,6 ·• ,6 

15.3~3 76.3 3870/4 1j9.3 ·32 • 7 63,5 21"1312 •24,3 .5 
21.062 76.3 3863/4 123.~ 36,2 63.S 2074/2 -2s.6 •• 4 
28.021 75.5 3861/4 124.7 37.6 63,5 201r;12 •26.9 ·•·2.2 
56,029 74. 7 3849/4 131,9 44 • O 62,7 2076/2 -20.2 ... 3 • 2 
84.071 75,5 3835/4 140.2 52,3 63,5 2073/2 •24e3 •3 

112,104 76.3 3827/4 144.9 57.6 63.5 2072/2 •23.o 2.2 
140.104 76.3 3823/4 147.3 59.3 6i,5 2072/2 -23.o 1,5 
}68,000 76.3 3816/4 151.5 63.7 6:),5 2070/2 -20.5 ,3. 7 
196.130 75,5 3812/4 153,8 64 .s 6::,,7 2070/2 -20,5 ,3 .1 
224.000 74.7 3803/4 159,1 68,o 62.7 20~9/2 -19.2 ·2 • 3 
252.000 76.3 3799/4 161,5 68.2 63,5 20~5/2 •l4eO f•O 
2eo.ooo 11.0 3795/4 163,8 69,5 64.2 20,-212 -10.2 e,4 
308,000 77,0 3791/4 166,2 70,o 65,0 2ron 12 -10.2 .f'. 0 
336,0~0 77 .o 3784/4 170.3 72,3 64.2 20f.0/2 .1.1 ,,. .a 

•364,000 76.3 3777/4 174.4 7,5 .3 64.2 2iii:712 •3,8 ,c; .s 
364,000 76.3 3920/4 89,1 -10.0 64,2 203«.12 19.0 ,32 ,4 
364,125 76.3 3925/4 86,1 •13 • 0 64.2 203e/2 20.3 ;33 .6 
364,250 76.3 3925/4 86.1 •13 • 0 64.2 2038/2 20,3 .33 ,6 
364.500 76,3 3927/4 84,8 •14.3 64.2 20'.'ll/2 20.3 ,33 .6 
365.000 76.3 3930/4 83.0 •lfi.2 63.5 2039/2 19.0 ;32 .2 
366,000 76,3 3934/4 80,6 -1e.e 63.s 20~0/2 11.0 ;3 o .e 
367.000 76.3 3932/4 81,8 -17 .s l:4,2 21):9/2 19,0 ,:?2 • 0 
368.000 76.3 3933/4 81.2 -1e.3 63.5 20:9/2 19.0 ,32 .2 
369.000 76,3 3932/4 81,8 •17.4 64.2 2038/2 20,3 .33 ,9 
370,000 76,3 3932/4 81,8 •17.6 64,2 203«.12 19.0 ,:32 ,2 
371,000 76,3 3932/4 81,8 •17,7 l, 3. '5 203e/2 20.3 .33 • 3 
378,000 75.S 3937/4 1a.1 -21.3 63.s 20'2P/2 20.3 ,32 • 7 
385.000 76.3 3935/4 80,0 -21.2 63.5 2ii~7/2 21.6 ,33 • 0 
392.000 75.5 3936/4 79,4 •21.4 63.s 2ii:6/:? 22.e 3'4 • 7 
420.000 75.S 3935/4 80,0 -22.2 63,5 2033/2 26.6 ,36 .9 
448,000 76.3 3938/4 78,i -24.s 64.2 20:: 112 29 .1 ,39 .s 

* CREEP STRAII'. • TOTAL STRAIN • ELASTIC STRAIN • AVERAGE SHRTl\l<A,GE STRAIN Ill TIME 
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STRAIN ANO TE"PERATLPE DATA AFTER LOiiCHIIG 

SPECl"EN E•40 

AXIAL STRESS 600 PSI AXIAL ELASTIC ST~AIII 93.4 MICRO•UNITS 
F<ADIAL STi:lESS -o PSI RADIAL ELASTIC STRATI\ -26.o MICRO-UNITS 
TEST TE~PEF<ATURE 75 F TEST M0ISTUf:1E AIR ORY 

AXIAL GAGE RADIAL GAGE 

TIME TE"1P READ/OyV TOT STRAIN CREEP* TEMP REAC/Ctll TOT STRAlt. CFEEP• 
<DAYSI IF) (FREQ) (MIC•UNITS> (MIC•UNITSI IF) (FREQ) (MIC•UNilS) (MIC•LNITS) 

0.000 6808 3900/4 o.o o.o 74.0 3!!!1'.3/4 o.o (lo 0 
0.000 68.8 3742/4 9306 • 1 74.0 39iiU4 •26o0 .o 

.12s 69 0 5 3732/4 99.4 5.9 '14.0 39ii5/4 •25.4 .7 

.2so 69 0 5 3727/4 102.3 9.2 74.o 39iiS/4 •25o4 06 
0500 10.2 3724/4 10400 1004 1~ 0 0 3Cl?4/4 -24.8 o1 

1.900 69o5 3721/4 105.7 l2ol 7400 3Clii6/4 •26o0 ·- .9 
20000 6808 3717 /4 10800 1-s .o 7400 3Clii4/4 -2408 ·•00 
3.146 69 05 3714/4 10908 16.3 ho7 3Cl:ii3/4 •24o2 ·-1 0 7 
4,021 69,5 3715/4 10902 17 Os 74.0 39:;i4/4 ·•24 .0 ·•'2 o l 
5,250 68,8 3715/4 10902 11.0 74,o 3CliiS/4 -25,4 ... 3,8 
60083 69.5 3714/4 10908 19,7 74.0 39?214 •2306 •loS 
e.250 69 05 3712/4 11009 2 l o9 74,0 39~ 114 •23o0 ·•l o2 

150363 7100 3700/4 111.0 30.3 74o7 3Cll4/4 -1007 o7 
2lo062 11.0 3694/4 121.2 36o3 7Sos 3Cl12/4 •17,5 ·• 10 l 
20.021 70.2 3695/4 12007 36.6 7sos 39;114 ·•lfi.9 -.307 
560021 69o5 3692/4 122.4 43.7 73.2 3Cl(19/4 •15.7 -6.8 
R4o071 69,S 3685/4 126.4 51.4 7S.S 39~3/4 •12,1 ·•S • 0 

1120104 70o2 3683/4 121.5 57o9 1~o1 Jci/14/4 •l2o7 -s .2 
1400104 70o2 3688/4 12407 57,6 75,5 39~8/4 •l5ol . •7 o3 
1680000 70o2 3687/4 125.2 60o7 74.o 3910/4 •16o3 .• 7 o4 
196.130 69 05 3687/4 12s.2 63.2 74.0 3CI 15/4 •19.3 .,; 0 7 
2240000 10.2 3fi85/4 126,4 65.1 74,0 39i5/4 •19.3 •10o3 
252.000 71 o 7 3685/4 12604 65.o 7c;.s 3Clt714 -20.6 ·11.e 
200.000 71 oO 3685/4 12604 6606 7So5 3917/4 •2006 -11.0 
308.000 73.2 3687/4 12502 65 05 76.3 39~0/4 •22.4 •)4 .1 
3360000 71.7 3684/4 127,ii 6e oO 76.3 39;3/4 ·•24.2 • 1,s. 6 

•3640000 7lo0 3683/4 12705 69.i 7sos 39;414 ·24,8 • 16 ,5 
364.000 71 oO 3R54/4 27.6 -Jo.a 7'? .s 3Re0/4 lo8 10.1 
364oi2'5 71.0 3858/4 25o3 •33.2 7c;.s 38'?9/4 2.4 10.1 
364.250 71 oo 3859/4 24.7 •33.8 75.s 3R'7P/4 3o0 11.3 
364.500 n .o 3862/4 22o9 -35.6 75 05 3R'78/4 3.0 llo3 
365.000 n .o 3866/4 20,5 •38.1 7~.5 381,10/4 1.0 10.1 
366.000 71 oO 3869/4 1.a.1 •40.o 1s.s 3Rl!l/4 1.2 ·9 .5 
367.ooo n.o 3870/4 18,l •4o.s 75.s 3Al!0/4 1.a ·9 .9 
368.000 n .o 3870/4 1e.1 •40,2 7~.s 381= 0/4 100 10.4 
369.ooo n.o 3870/4 18.i •39.9 7so5 3878/4 3.0 llo7 
370,000 7lo0 3871/4 11.s •40.6 7Sos 3R'19/4 2.4 11.0 
371.000 7lo0 3871/4 1.1.s •40o4 75.S 38'78/4 3.0 11.1 
378.000 10.2 3880/4 12.1 •4506 74.0 3RPC,/4 loB 10•3 
385,000 10.2 3878/4 13.3 •44. 7 74.7 3f:l77/4 3,6 llo4 
392.000 70.2 3880/4 12.1 •45.4 74.7 3877/4 306 1106 
420.000 10.2 3886/4 8 04 •48,7 74.7 3P'1S/4 4.B 1'2 .4 
448.000 n.o 3892/4 4.8 •51.3 7c;.s 3R77 /4 3.6 1·2 .3 

• CREEP STRAII\" TOTAL STRAIN • ELASTIC STRAIN• AIIERAGE SHAH,:l<AH STRAIN AT Tl'1E 
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STRAIN ANO TEIIPERATlJRE DATA AFTER LO~CI1113 

SPECIIIEN E .. 42 

AXIAL STRESS -o PSI AXIAL ELASTIC STRAtll •o.o MICRO-UN ITS 
i:.ADIAL STRESS •O PSI RADIAL ELASTIC STRAJII -o.o MICRO•UNITS 
TEST TEMPERATURE 150 F TEST MOISTURE AIR DRY 

AXIAL GAGE RAO I At ClAl:E 

TtME TE11P REAO/OyV TOT STRAyN CREEP* TEMP REAUCTV TOT STRAJI\ Ct.EEP* 
(DAYS) IF) (FREQ) !MIC-UNITS> (MlC-LNITSl IF) IFREQI (MlC .. lJNITS) IMIC•LNITSl 

0.000 143.0 3775/4 o.o o.o 1s1.2 3H214 o.o o.o 
0.000 143.o 3775/4 o.o o.o 1si.2 37;214 o.o o.o 

.125 143.0 3776/4 ... 6 o.o 150 .r:; 31;314 -.6 o.o 

.250 143.0 3775/4 o.o o.o 151 .2 37;314 -.6 o.o 

.5oo 142.2 3774/4 .6 o.o 15?.n 37·~?/4 o.o c.o 
1.000 143.8 3779/4 -2.3 o.o 1s1.2 37~':/4 -1.7 o.o 
2.000 141 0 5 3792/4 -10.0 o.o 149. 7 37::,f/4 -8.l o.o 
3.14E: 142.2 3794/4 -11.1 o.o 15i;.c; 371f/4 .. 0.1 o.o 
4.021 141.S 3799/4 -i4.l o.o 150.c; 3717/4 .. a.1 o.o 
s.2so 141.5 3A02/4 -15.9 o.o 149.7 3719/4 -9.8 o.o 
6.083 141.5 3802/4 -15.9 o.o 15 ii. a: 3740/4 -10.4 o.o 
0.250 140. 7 3A08/4 -i9.4 o.o 149.7 3743/4 -12.1 c.o 

15.363 140.7 3825/4 -29.4 o.o 149.7 37"!1/4 •16.2 c.o 
21.062 141.5 3/:135/4 -35.4 o.o 149.7 371:2/4 •17.4 o.o 
20.021 140.7 3A45/4 -41.3 o.o 149.7 37cf/4 -19.7 o.o 
560013 138.S 3!!81/4 -62.9 o.o 146.7 37F17 /4 .31.a O•O 
84,000 138.S 3!!81/4 •62e9 o.o 148 02 3775/4 •3o.a O•O 

112.029 13805 3881/4 •62.9 o.o 148.2 377P/4 -32.5 o.o 
140.104 138.5 3885/4 -65.3 o.o 154,2 37P:Y4 •35,5 ll • 0 
168,000 137.7 3A88/4 .. 67.1 o.o 147.s 37G0/4 -39.6 o.o 
196.130 137,7 3fl89/4 -67.7 o.o 146.o 37G5/4 ·•42.5 n.o 
2240000 130.5 3887/4 •66.5 o.o 149.7 37ClP/4 •44o3 0•0 
252.000 104.7 3905/4 -77.4 o.o 143,e 3ai514 -54.3 o.o 
200.000 137,7 3886/4 •65,9 o.o 147 .r:; 38r3/4 ·••117.2 o.o 
308,000 140.0 3884/4 -64.7 o.o 148.2 3Pr4/4 •47.8 o.o 
336,uoo 138,5 3885/4 -65,3 o.o 146.7 3Prf!/4 -50.2 O•O 

•364,000 137,7 3A84/4 •64,7 o.o 146.7 3811/4 -52.0 o.o 
364.000 137.7 3884/4 -64.7 o.o 146.7 31lil/4 -52.0 o.o 
365.000 137,7 3884/4 -64.7 o.o 146. 7 3A11/4 ·•52,0 o.o 
366,000 137.7 3884/4 -64,7 o.o 146.7 3AiJ/6 -52.0 o.o 
367,000 137.7 3884/4 -64,7 o.o 146,7 3P1l/" -s2.o n.o 
368,000 137. 7 3884/4 •64,7 o.o 141>.7 3Ail/4 -52.0 o.o 
369,000 137.7 3!'!84/4 •64,7 o.o 146.7 3A1l/4 ·•52,0 c.o 
370,000 137.7 3884/4 •64.7 o.o 141, • 7 3Pl 1/4 -52.0 o.o 
371,000 137.7 3884/4 -64.7 o.o lH, 0 7 30; 2/4 -52.s o.o 
378.000 137.o 3883/4 •64,l o.o 141..;0 3Pi2/4 -52.5 o.o 
385.000 137.o 3882/4 •63.S o.o 146,11 31lil/4 -52.0 c • o 
392,000 137.o 3880/4 •62,3 o.o 145.2 3Pi2/4 •52.S o.o 
420.000 137.o 3880/4 -62,3 o.o l4c;.2 3Pi 4 /4 -53.7 n. o 
448,000 134.0 3889/4 •67,7 o.o 142.2 3P10/4 -63.2 o.o 

* CREEP STRAlf\:: TOTAL STRAIN• ELASTIC STRAIN • AIIERAGE SHRTlll<O!ClE STRAIN AT TIME 



TIME 
<DAYSI 

OoOOO 
OoOOO 

ol25 
o2So 
o50o 

lo054 
2007s 
30229 
40125 
5.358 
60208 
1 o lBe 

140292 
210050 
2eoooe 
560000 
84o054 

1120083 
1390958 
1680000 

•1960000 
196.ooo 
1960125 
1960250 
1960500 
1970000 
19Boooo 
1990000 
2000000 
201.000 
2020000 
2030000 
2100000 
2170000 
2240000 
2520000 
2800000 
3000000 
3360000 
3640000 
3920000 
4200000 
4480000 
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STRAIN AND TF.f,'PERATURE DATA AFTER LOaOIII.G 

,SPEC I l>'EN E•43 

AXIAL STRESS 
RADIAL STRESS 
TEST TF.f,'PERATURE 

•O PSI 
2400 PSI 

1so F 

AXIAL ELASTIC ST~Alll. 
RADIAL ELASTIC STRAJII. 
TEST MOISTURE 

AXIAL GAGE RAOJAi_ GAGE 

TE"'P 
IF) 

140o7 
140o7 
140o7 
140.7 
141.5 
14105 
140o7 
140o7 
140o0 
140.0 
140.7 
140.0 
140o0 
140.0 
140.0 
13707 
13707 
137.7 
137.7 
137.o 
131.0 

o.o 
13700 
137.o 
137.o 
137.7 
137.o 
135.5 
135.5 
136.2 
13602 
137.o 
13602 
13602 
13602 
13302 
13505 
13700 
13707 
137.7 
13707 
137.7 
13205 

READ/DIV 
(FREQ) 

3763/4 
2ii621? 
2080/2 
20R0/2 
2086/2 
2094/2 
2108/2 
2120/2 
2i24/2 
2133/2 
2136/2 
2140/2 
2152/2 
2160/2 
2154/2 
2154/2 
2)56/2 

0/0 
0/0 
0/0 
0/0 
0/n 
0/0 
01;; 
0/0 
0/0 
0/() 
OIO 
01;; 
0/0 
0/0 
010 
0/0 
0/0 
0/0 
0/0 
010 
0/0 
0/0 
010 
0/0 
0/0 
OIO 

TOT STRAJN CREEP* 
(MIC•UNITSI (MIC•LII.ITSI 

OoO 
-22007 
•24308 
•243,r8 
-2s1.5 
•26lo9 
•280ol 
•29509 
•3olol 
•313.ij 
•317,o 
•322.3 
•33802 
•348.9 
•34009 
•340o9 
-34306 

OoO 
OoO 
OoO 
Oo() 
OoO 
OoO 
OoO 
OoO 
OoO 
OoO 
OoO 
OoO 
Oo() 
OoO 
o.o 
0 o ii 
OoO 
OoO 
OoO 
ooo 
OoO 
OoO 
OoO 
OoO 
OoO 
Ooo 

o.o 
oO 

-21.e 
-21.e 
•30o2 
•40.1 
•S3os 
•6807 
•72os 
-83.3 
-86 6 
-e1:3 
-98.e 

-1oe.s 
-9707 
•84o7 
.e9 0 5 

o.o 
o.o 
o.o 
OoO 
OoO 
OoO 
o.o 
OoO 
o.o 
o.o 
o.o 
o.o 
OoO 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
OoO 
OoO 
o.o 
OoO 
o.o 

TEMP 
(F) 

l!il .2 
1s;.2 
15102 
15},?. 
1520 O 
152.7 
15 l o2 
15 i o2 
1s102 
15]o2 
1so.s 
15 o .s 
149,7 
lSii.s 
15o,'5 
146,7 
l4R,2 
149,0 
147,c; 
147,5 
147,5 
147 .'5 
147.~ 
147,5 
147,5 
147,5 
146,0 
14502 
145,2 
l4c;.2 
146,7 
146.7 
146,7 
147,c; 
147,"5 
144,S 
146.7 
l4R,2 
14R,2 
14A 0 ?. 
146,7 
146,7 
143. o 

RfAC/CJII 
(FHQI 

37t;3/4 
3?~o/4 
3144/4 
3128/4 
3091/4 
3070/4 
304 l /4 
3007/4 
3000/4 
29P6/4 
29'13/4 
2Cf!E-/4 
2Cl~2/4 
2Pi.V4 
2P4":/4 
27f9/4 
27~9/4 
2ic.f5/4 
u,c714 
2ic.1i7/4 
2"'ifl/4 
33P6/4 
34~n/4 
34ro14 
34rii11t 
34il/4 
34i9/4 
34?'3/4 
34?0/4 
34?3/4 
34?7/4 
34?6/4 
3442/4 
34':4/4 
341']/4 
Jsre:14 
31:;~2/4 
3c;i3/4 
35~(!/4 
31:;;714 
3c;;414 
3!',;914 
3Sf7/4 

•22007 MICRO•UNIT5 
32lol MlCRO•UNIT5 

AS CAST 

TOT STR~lll. C~EEP* 
(MIC•UNITS) (MIC•LNITSI 

OoO 
32104 
34Ro9 
356.7 
37405 
384,6 
,398.3 
414.2 
41705 
424,0 
430,0 
433.2 
46203 
489.0 
487.7 
52008 
546.2 
564,6 
567,9 
572.0 
587.0 
226,4 
219.1 
219,l 
219,l 
213,3 
·2 09 o 0 
206.9 
208,5 
20F.o9 
204.8 
20'5,3 
196,8 
190,4 
186,6 
162.9 
1&4.S 
158•5 
154,7 
150,9 
147.l 
14409 
128,9 

O•O 
,2 

·2e o 1 
,3f .1 
,54 oO 
6': ,9 
.e4, 1 
99.4 

l 04 ,5 
112 ,4 
119 .a 
12,6 • 2 
1,5c;. 0 
1ee. 7 
191 o 0 
231.1 
26:2 • 3 
2E·2, 7 
2e1.9 
294,2 
Joe; ,9 
•4e,3 
.. ;e .1 
•f O .4 
·E'},7 
•E'P,5 
•7,!: ,9 
•7P,O 
•H 0 5 
-1e.o 
-eo.2 
•7·9 .9 
-e.e. 4 
-c;,4 o9 
-c;e,6 

-122.4 
·12] •4 
-ne .o 
•131. 2 
•l3f,O 
-14),2 
-141.e 
- lf 1 • 4 

* CREEP STRAIN• TOTAL STRAIN .. ELASTIC STR~I~ • AVERAGE SHRT~K~~E STRAIN AT TIME 
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STRAIN ANO TEIVPERATlJAE DATA AFTER LO~Cl11G 

.sPECIMEII' Fa6 

AXIAL STAESS 3600 i:is1 AXIAL ELASTIC STAAll\ 386•9 M lCRO•lJN IT.S 
RACIAL STRESS 3600 PSI AAOIAL ELASTIC STAAJII 429.3 MICRO-UNITS 
TEST TEMPERATURE 150 F TEST M0ISTIJRE AIR or.Y 

AXIAL GAGE RAO I At U·l:E 

TIME TEf\lP FIEAO/OIV TOT STRAIN CREEP• TEMP REAr1CJV TOT STRAir,, CHEP• 
(DAYSI <Fl (FREQ) OHC•UNITSl CMIC•UI\ JTSI <Fl ·· CFAEQl (MlC•UNITSl Cl'IIC•LN!TS) 

0.000 1ss.n 260012 o.o 0 .o 153.5 2076/~ o.o (!. 0 
0.000 155,0 3312/4 384h9 3.o 153,'5 3412/4 433.8 .4 .5 

.20@ 155.o 3ii36/4 525,7 139,7 1·53.'5 31r614 588,4 1,59, 0 
,250 152,7 3632/4 527.5 141,5 15?,0 3iic:Cl/4 591. 7 H2,7 
,500 152,0 3025/4 530,8 144,3 152,0 301'2/4 609.4 1eo.1 

1.0~2 152.7 2952/4 564,6 179,9 152,0 29P0/4 647,8 219 .2 
1.958 151.2 2A20/4 623.;7 243,5 15200 2ciio14 679.8 254,6 
3,042 152.0 2778/4 641,9 26209 lS?oO 2A~2/4 718,8 2c;.:; ,4 
4,000 15200 2734/4 660,7 21!·5 .1 152.n 27C:4/4 731,0 3C7,9 
5,083 15207 2710/4 670,8 297.4 152,7 2744/4 752.5 3:: 0 o2 
6 0 250 151.2 2679/4 683,8 311 05 1s1.2 271314 765.6 34309 
7,167 151.2 2653/4 694,5 325.3 1s,.2 2ti79/4 779.8 lEO o2 

14.042 1s200 2528/4 744.7 38504 1s200 2o:;~r::14 849.7 4:!~.4 
21.012 15200 2442/4 777,8 424.2 152.0 241 ()14 e85,9 4 7,3 • 2 
27 .971 1s200 2380/4 801,0 450.5 1s1.2 23;)2/4 918,2 so~ o 1 
560179 1s201 2i65/4 87607 542.6 15;:io 7 20~Y4 99605 59705 
830992 155.7 2085/4 9o3,l 57703 1s2.o 39:!6/f! 103509 64E 09 

112,271 151.2 2625/4 922,2 59506 151.2 3"-:i7/P 108101 61!F' .3 
140,029 15102 3Q73/8 934,2 610 .2 1s,.2 3~70/1!1 111600 72~oe 
168,000 150.5 3852/8 952,5 630.5 l56o5 2869/f! 1178,8 79107 
196,000 14907 3673/8 978,6 65903 14907 0/CI o.o OoO 
224,000 l49o7 3610/8 901,5 66701 lisooc: 0/CI 0,0 fl, 0 
252,000 14907 3(128/R 985,0 666,8 15?o7 0/0 OoO 0,0 
2800000 14907 3c;69/8 993,2 67108 152.7 0/0 o.o (Io 0 
308.000 15200 3498/R 1002.9 68201 1s2.n Cl/Cl o.o roo 
336,000 1soos 3438/8 1011,0 69006 14907 OlO o.o CoO 

•364,000 158.o 3362/R 1021,0 69909 156015 0/(l OoO c.o 
3640000 l !'18, 0 21:173/4 726.9 4os Os 15(, .c; l!/0 OoD ~oo 
3640125 15Boo 2l't55/4 "93,7 372 ,(, 15605 n10 o,o c,o 
364.250 15800 2665/4 689e6 36eo5 15605 ~/(l OoO Ci o 0 
364,490 15800 21,76/4 685.0 36309 l5i:.,'5 0/C OoO C oO 
3650000 1S8,7 2690/4 679,2 357.8 151,? 0/0 OoO CoO 
366oiioo 151,2 2706/4 672,5 350,9 151 ,? 0/0 OoO C•O 
3670000 1s102 2720/4 666,6 34500 1,5 i o 2 n/n O•O IJ o 0 
3680000 l!H 02 2730/4 662,4 340 01! 1s 1.2 1)111 o.o CoO 
369,ooo 14907 2739/4 658.6 337,o l4~oi? 0/0 OoO OoO 
3700000 l49o7 2740/4 658,2 336.6 14Ro2 o/o OoO CoO 
371 oOOO 149.7 2753/4 652.6 331,5 14A 0 ;:> 11/0 OoO c.o 
378.ooo 14907 2784/4 639.3 31eo4 1460 7 010 OoO CoO 
385,000 14907 2808/4 628,9 30706 14Ao2 0/0 0,0 OoO 
392.000 1s1.2 2824/4 621,9 29907 14Ro2 (l/0 o.o CoO 
420.000 153.5 2868/4 602,5 27906 161,0 11/0 OoO o.o 
448,000 147.S 2Q20/4 579,2 26002 1450? 0/0 OoO ('. 0 

• CREEP STRAJII; • TOTAL STRAIN• ELASTIC STRAIN• AVERM;E SHRTI\IIA,C:E STRA!N Al TI~E 



TIME 
(DAYS! 

0.000 
0.000 

.125 

.250 

.soo 
1.042 
2.000 
3.083 
4.042 
5 .12s 
6.292 
7. 2oe 

14.083 
21. r,29 
21.9se 
56.196 
s3.992 

112.2t>3 
140.0;:>9 
u,s.ouo 
196.0liO 
2?4.0()Q 
252.000 
280.000 
308.000 
336.001) 

-364.000 
3i:,4.000 
364.125 
364.250 
364.50(1 
365.00C 
366.000 
367.000 
368.ooo 
369.000 
370.000 
371.000 
310.000 
3ss.ooo 
3g2.ooo 
420.000 
448.ovo 

400 

STRAIN ANO TF~PERATLAE DATA AFTER LO!Cll\~ 

AXIAi. STRESS 
1-ADIAL STAESS 
TFST Tft,,PEAATURE 

2400 PSI 
2400 PSI 

75 F 

SPEClnl\ F•9 

AXIAL ELASTIC ST~ATI\ 
AIIOJAl. ELASTlr: STAATI\ 
TFST MOISTURE 

A)(lAL G/lGE 

TEt,,P 
(F) 

75.5 
75.5 
74.7 
74.7 
74.7 
75.5 
74.7 
76.3 
76.3 
11.0 
75.5 
75.5 
75.5 
74.7 
76.3 
76.3 
75.5 
74.7 
74.0 
74.7 
74.7 
75.5 
75.S 
75.5 
76.3 
76.3 
76.3 
76.3 
76.3 
76.3 
76.3 
15.5 
75.5 
76.3 
76.3 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
75.S 
74.0 

PEAD/DtV 
(FREQ) 

2}89/? 
2ns412 
2n35/2 
2,;3212 
2028/;, 
2016/2 
2000/2 
3CJ95/4 
3988/4 
3QA2/4 
3Q76/4 
3CJ70/4 
3950/4 
3937/4 
3927/4 
31'192/4 
3A66/4 
3A49/4 
3848/4 
3843/4 
3824/4 
31'116/4 
3All/4 
3A02/4 
3799/4 
3789/4 
3776/4 
2n37/? 
2r47/2 
2n49/2 
2050/2 
2r51/2 
2r-53/2 
2')54/2 
2056/2 
'2~57/?. 
2ns112 
21159/2 
2r-61/2 
21163/? 
2n64/? 
2nli9/2 
2;,1412 

TOT STRATN CA~FP* 
(MIC-UNITS! (MIC-~I\ITS) 

o.o 
177.6 
201. 7 
205.4 
21('•5 
22s.s 
245.4 
24P 0 5 
252 .9 
2'56 .6 
260.3 
264•0 
27n.2 
2A4 0 2 
290.3 
311.S 
327•1 
337.3 
337.9 
340.9 
352.2 
356.9 
3c:;9 .8 
3n5 0 2 
366.9 
37?. 0 8 
380.4 
199.l 
186 0 5 
183.9 
l "12 • 7 
181.4 
178.8 
177.6 
11s.o 
173.7 
173.7 
171.2 
} 6!:3 .6 
166 .1 
164.8 
l <;H .4 
1s?.o 

o.o 
-.o 

24.1 
27.9 
32.3 
47.0 
66.7 
69 • 8 
74.2 
77 .A 
e2.1 
86.5 
9c; • 4 

1 Qt·" 
112.9 
133.3 
14'-. O 
159.6 
1 sc;. f, 
H,2 0 A 
112.5 
17':. 5 
lH.3 
1eo.6 
lf!0.4 
1 e4. i:; 
1'-1.0 

9.7 
-2.9 
-=.s 
-6.7 
-e.1 

-10.9 
-12.n 
-14.A 
-1 ':. 7 
-16 • O 
-1e.6 
-21.1 
-2':.4 
-26.2 
-34.1 
-41.0 

lFMP 
IF) 

75. c:: 
7i; .i; 
74.7 
74.7 
74.7 
7c;.c:; 
74.7 
71'1 • 3 
76.:; 
11.n 
1c:;.c:; 
7s.c; 
75 .i:; 
74.7 
7f, .3 
7f,. 3 
7s.s 
74.7 
74.o 
73.2 
74.7 
7t;. 'i 
7 o:;. c; 
7c;.c; 
11.n 
H, 0 3 
H,.3 
7,::.. 3 
71',.:; 
7,-. 3 
7',.:; 
75. c; 
1c;.s 
71'1 .3 
76.3 
74.7 
74.7 
74.7 
74.7 
74.7 
7 c;. c; 
7c; .i::; 
74.n 

REArtf:IV 
(HEGl 

22~8/2 
20~0/2 
2r-cP/2 
;?nc:412 
204Q/;:: 
2014n 
2028/2 
201':3/'e 
201212 
2orP/? 
2ni'4/2 
2r"r':I;, 
39;,614 
391'!::/4 
3tl4:?/4 
39cnt4 
3PPJ/4 
3Pi:0/4 
38:i6/4 
3p;'f3/4 
3R:i3/4 
37<;P/4 
37P'f3/4 
37"74/4 
371' nt4 
37"3/4 
37C:,'/4 
2n4o/2 
2(1C:Q/2 
21\'" 0/2 
2fl'"l/2 
2oc:;,12 
2r,i:c:r; 
2nc6t2 
2oc:Q12 
2ni:9n 
201'!1/2 
201'1/2 
20i<3/? 
2nl'c:/'?. 
20"'-/2 
?.ni?/2 
20;,112 

177.l'i MICRO-UNITS 
397 0 4 MICRO•UNllS 

AS CAST 

TOT STR~I~ CPEEP* 
IMlC-UNilSl (t,,IC~LN!TSl 

o.o 
197.7 
225.9 
231.0 
237•3 
25603 
263.9 
200.2 
283.9 
288.9 
293.9 
29;,.6 
313.7 
320.4 
334.S 
360.1 
311.s 
384.l 
398.4 
4os.o 
4 06 .1 
420.9 
428.6 
435.0 
443.2 
447.2 
447.e 
248.7 
236.1 
236.1 
234.8 
233.S 
229.7 
228.4 
224.6 
224.6 
223.3 
222.0 
219.5 
211'1 • 9 
215.6 
207.9 
201.s 

o.o 
.3 

2e.1 
.33 .4 
3c;.5 
,':f' ,4 
6,': .6 
f' l • 3 
P,'13 0 4 
9C 0 4 
c;.(' • 1 
94,7 

11!: .s 
122.1 
136.2 
H2•0 
n:;.1 
let< .3 
20 C, 0 
2ot' .1 
2of:. 1 
219 0 5 
22!: .6 
230.6 
23'· .4 
23f' • 7 
23p.2 
,3 c; .1 
2'6 .4 
2.f: .4 
2,!: • 2 
2,3 • 7 
19.7 
1e .4 
14. 8 
V:: .2 
13.s 
l'2 .1 
e.9 
I::. 4 
4.S 

-4.7 
-11 • 1 

* CREEP STR~II\ = TOTAL STRAtN - F.LASTIC SlR~TN - AVERAGE SHAT~~AEE STRAIN Ill TI~E 



TIME 
(DAYS) 

0.000 
OoOOO 

0167 
.250 
.500 

1.000 
1.979 
3.063 
4.021 
5,104 
6.271 
7 0 18P. 

140063 
210025 
27.983 
56.192 
840017 

1120304 
1400050 
1680060 
1960000 
2240000 
2520000 
280.000 
308.000 
336.ooo 

•3640000 
3640000 
364.125 
364.250 
364.500 
365.000 
3660000 
367.000 
3680000 
369,000 
370.000 
371,000 
310,000 
3850000 
392,000 
4200000 
4480000 

401 

STRAIN AND TE~PERATLRE DATA AFTER LO~rJI\~ 

SPECI~EI\ F•13 

AXIAL STRESS 
RADIAL STRESS 
TEST TEMPERATURE 

TEto!P 
(F) 

75,5 
75,5 
75•5 
75.5 
75,5 
75,5 
74.7 
76,3 
76,3 
77 .o 
76,3 
75,5 
75,5 
75,5 
76,3 
76,3 
75,5 
73,2 
74,0 
72,5 
74,7 
75,5 
75,5 
75,5 
77,0 
74,7 
77,0 
11.0 
77,0 
11.0 
11.0 
11.0 
77 .o 
1100 
77,0 
74,7 
74.7 
75,5 
74,7 
75.5 
75,5 
76.3 
74,7 

A)( I AL GAGE 

FIEAD/DTV 
(FREQ.) 

2174/2 
2212/2 
2214/2 
2215/2 
2213/2 
2214/2 
2218/2 
2215/2 
2217 /2 
2216/2 
2218/2 
2218/2 
2221/2 
2222/2 
2222/? 
2225/2 
2229/2 
2232/2 
2231/2 
2237 /2 
2233/2 
2232/2 
2230/2 
2230/2 
2229/2 
2230/2 
2230/2 
2190/? 
2188/2 
2188/? 
2187/2 
2] 86/2 
2185/2 
2)85/2 
218712 
2i86/2 
2186/;:, 
2]86/2 
2184/2 
2)83/2 
2183/2 
2180/2 
2182/2 

•O PSI 
600 PSI 

75 F 

AXIAL ELASTIC ST~AJI\ 
RADIAL ELASTIC STRAII\ 
TEST MOISTURE 

TOT STRAIN CREEP* TFMP REAr/CTV 
(Fl<FQ) (MlC•UNITS) (MlC•LNITS) 

o.o 
•5107 
•5404 
·5508 
-5300 
-5404 
-59,9 
-5508 
.. 58,5 
-5702 
.. s9 0 9 
.. 59.9 
-64,0 
.65.4 
-65.4 
•69.5 
.1s 0 1 
-7902 
-7708 
•8601 
-0006 
•79o2 
•76o5 
-7E,.5 
-1s.1 
-7605 
•76o5 
•2106 
-1a.9 
-i8o9 
-1706 
•16o2 
-14,9 
•14o9 
-1706 
-i6o2 
-16,2 
-16.2 
•13,5 
-i2o2 
-1202 

•801 
-10.a 

o.o 
.o 

-2.7 
-4.1 
•l,9 
•3,7 
-9,4 
-5,2 
.e.o 
-6,7 
.. e,0 
.. e,1 

•11,6 
•13 0 R 
•13,5 
-1e ,5 
-24 .o 
-27.6 
-26,9 
•35,o 
•31.o 
•31.3 
•30,7 
•31.8 
•32,3 
-35,5 
•36,6 

1e.2 
20,9 
20,9 
22,3 
23.s 
24,7 
24,8 
21.9 
2,3 ,5 
23,3 
23,2 
25,4 
25,6 
26.1 
2e,1 
25,5 

(F) 

75,5 
7'5,S 
7"i, r:; 
75,S 
75,S 
75,5 
74.7 
76,3 
U,,3 
76,3 
1F,,3 
7s.5 
76,3 
76,3 
76,3 
7', ,3 
7!?,5 
7'i,S 
7c;,5 
73.2 
75,5 
76,3 
77,0 
76.3 
1~.s 
7'5,5 
77.7 
11.1 
11.1 
77,7 
11.1 
11.n 
77, 7 
77.7 
11.1 
74.7 
74,7 
76.3 
74.7 
7i;,c. 
75,'5 
71',. 3 
74,7 

21114/::, 

2130/2 
2n112 
2120/2 
2n:on 
2120/2 
21,~n 
2114/2 
2111/2 
2] 11 /2 
2111/,' 
21 }0/?. 
21~512 
21~4/2 
2) i-1 /2 
2n<;S/2 
20<;4/i? 
2nc: 112 
20<;\/2 
2oc;3n 
20c; 1/2 
20H-1' 
2~P3/i? 
20P2/2 
20PO/?. 
2oi:012 
20~7/i? 
21'.!4/2 
21'.!6n 
21'.!6/,' 
21:f:/'il 
21:?7/?. 
21 :?7 /2 
2138/?. 
2lia(I/?. 
214ri/?. 
214 (1/,' 
211aon 
214 0/?. 
2141/i? 
214?./2 
2143/2 
2lH/l= 

•51,7 MICRO•UNlt5 
72•1 MICRO•UNlT5 

AS CA5T 

TOT STRAI~ CREEP* 
(MlC•UNITS) (~IC,.Lt-.JtTS) 

o.o 
12.2 
84,l 
85.4 
85.4 
85.4 
8R,O 
93.3 
97,2 
97,2 
97.2 
98 0 5 

105,0 
106.3 
110 .3 
110.1 
119.4 
123.2 
123.2 
120.7 
123,2 
129,7 
133.6 
134.9 
137,5 
137.5 
141.3 

6f>.9 
64,3 
64.3 
64.3 
63.0 
63.0 
61.6 
5CJ.o 
sci.o 
sci.o 
sci.o 
59.0 
57,7 
5Fi.3 
55.0 
51.0 

o.o 
• l 

11 • 6 
l3ol 
12 .a 
12 • 7 
J.C.: .o 
1 c;. 7 
24.0 
23.c; 
24 • 7 
2·!: • 8 
32 .1 
33.8 
.37 .2 
4,!: .3 
H.2 

,!: C • 7 
,!: 0 .1 
47ol 
If'<;• l 
,S3 ,5 
,S!: .c; 
,!:!: .8 
,!:6 • 0 
,!:4 .2 
!:7 • 0 

• 17 ·" 
-2 0 .1 
'"2<1•1 
-2 «1 • l 
•21,6 
-21.1 
-23.2 
•2!: .6 
·2·!: .2 
·2·!: .6 
•i?!:. 7 
•26.'+ 
•i?,F, 7 
-2c; ,6 
-.:e.4 
•,3f' • 3 

* CREEP STRAll\ = TOTAL STRAIN• ELASTIC STRAIN. AVERAGE SHATI\KAfE STRAIN AT TI~E 



402 

STRAIN ANO TFl'PERATl..PE DATA AFTER Lo~r.Ir--G 

sPECll'Efli F-15 

AXIAL STRESS -o PSI AXIAL ELASTIC STcatt- •OoO MICRO-UNllS 
1:.ADIAL STRESS -o PSI i.ADIAL ELASTIC SlPAJI'- •OoO MIC!<O•UNllS 
TEST TEMPERATURE l 'iO F TEST MOISTURE AS CAS'T 

AXIAL GAGE RAO I AL C1A,H 

TIME 'THP READ/DIV TOT STRAIN CREEP* TEMP REAUCTV TOT STRAII', C~FEP• 
IOAYSl (Fl (FREQ) IMIC•UNITSl (MIC•Lt.:ITSl <Fl (FCFCl IMIC•UNITS> 01IC•LNITS> 

OoOOO 1r:;o.s 2099/2 o.o o.o lSo.c; 3g79/4 o.o 0•0 
0.000 li:;0.5 2ii99/2 o.o o.o 159.5 3g79/4 o.o o.o 

.12s 1so.s 2100/2 -1,3 o.o lsn.c; 39Pl/4 -1.2 o.o 

.2so 1so.s 2100/2 -1.3 o.o 149.7 39111/4 -1.2 c.o 

.soo 149,7 2100/2 -1.3 o.o 149. 7 39Pl/4 -1.2 c.o 
1.0~2 149.7 2100/2 -1.3 o.o 149.7 39PP/4 •5 0 6 o.o 
2.000 149 0 0 2]04/? .6.s o.o 149 0 0 3993/4 -8.6 o.o 
3.083 1so.s 2102/2 -3.9 o,o 1so.s 3092/4 -8 0 0 o.o 
4.042 1so.s 2103/:? .s,2 o.o 15n,s 3Cl<;2/4 •FI.O o.o 
5,125 149.7 2104/2 .6,5 0,0 150.'5 3Cl95/4 -9.9 0 .o 
6,292 150.s 2105/? .7,8 o.o 1s6.s 39C!'/4 , .. 11. 7 o.o 
1.2oe 150.5 2105/2 .. 7,8 o.o 15n,r; 39CCl/4 -12.4 o.o 

14.083 149.7 2106/2 -9,l o.o 149.7 2or212 -1s.s o.o 
21,0~2 149.0 2107/2 -10,4 o.o 149 0 0 2nr'=12 -19.2 o.o 
28,000 149.0 2108/2 -11. 7 o,o 149.0 2or7/2 -21.1 c.o 
s6,2oe 149.7 2106/2 -9,l o,o 149, 7 2oi?12 •27,9 o.o 
84.021 146.7 0/0 o.o o.o 146.7 2017/2 -34.2 c.o 

112,312 146.7 0/0 o ,o o.o 147,5 201712 •34.2 C,O 
140.062 146.7 0/0 o,o 0,0 146.7 2020/2 -37,9 o.o 
1(,8.000 144 0 5 0/0 o.o 0,0 146,0 0/0 o.o o.o 
196,000 143,0 Olii 0,0 o.o 143.8 0/(l o.o 0,0 
224,000 144,S 0/0 o.o o.o l4Fi,O 0/0 o.o c,o 
252,000 141.5 0/0 0,0 o.o 143.n 0/0 o.o 0,0 
280,0UO 143,8 0/0 0,0 o.o 14f,,O 0/0 o.o c.o 
308,oOo 144 0 5 0/0 o.Q 0,0 146,0 0/0 o,o c.o 
336,000 143.8 0/0 o.o o.o 144.S 0/0 0,0 c.o 

•364.000 143.0 0/0 0,0 o.o 143.n 0/0 o.o 0,0 
364.ooo 143.o 0/0 O•O o.o 143.n 0/0 0,0 O•O 

* CREEP SlF~Ait.i :: TOTAL STRAIN • ELASTIC sao1N .. A'IERM;E SHRTt-l<"H c:;TRAIN Al Tlt-'E 



403 

STRAIN AND TF'1PERATLFIE DATA AFTER LO~r:It..G 

SPECI"EN F-17 

AXIAL STFIESS -o PSI AXIAL ELA~TIC STAAlt.. •OoO MICRO•UNll5 
FIADIAL STFIESS -o PSI RADIAL ELASTIC STA AT t.. •OoO MICRO•UNll5 
TEST TE"PERATURE 75 F TEST MOISTURE AIR OFiY 

AXIAL GAGE RAM Af C,:A,t;E 

TIME TE'1P READ/DIV TOT STRAIN CREEP* TEMP FIEAt/1".TII TOT STRAIN CFEEP* 
IDAY~l (Fl (FREQ) (MIC•UNITSI (MlC•Lt..·ITSl !Fl (Fr.:FQI !MlC•UNITSl O•IC•LNITSI 

0,000 74o0 2ii59/2 o.o o.o 74,0 i?ll0/2 o.o 0,0 
0,000 74,0 2059/2 0,0 o.o 74,0 2110/2 o.o o.o 

,125 74,0 2060/2 •lo3 o.o 74.0 21i1112 o.o o,o 
.2so 74,0 2059/2 o.o 0,0 74,0 21i11n o.o o,o 
,50o 74.7 21159/2 o.o o.o 74,7 21;.912 1,3 O•O 

1.042 75,5 2~59/? o.o o.o 74,7 21r9n 1,3 C,0 
2.000 74,7 2n6012 -1,3 o.o 74.7 21r912 1,3 0,0 
3,083 75,5 2058/2 1,3 o.o 7c:;,c; 21r,;12 6,5 o,o 
4,042 76,3 2059/? o.o o.o 71,.3 21('5/? 6,5 o,o 
5012s 76,3 2059/2 o.o o.o 7r;,c:: 21r5n 6,5 o.o 
6,292 75.5 2061/? -2.6 o.o 7s.s 21i!5n 6,5 c,o 
7,20ll 75,5 2n6112 -2,6 o.o 7 c;. c; 21;.5n 6,5 c.o 

140083 76,3 2(163/2 -5ol o.o 76,3 21;;312 9 .1 c.o 
21,0!2 75,5 2066/2 -9,o o.o 75,5 21;.212 10,4 C•O 
28,021 75,5 2067/2 -10.2 o.o 75 .!'i 21;.21;, 10,4 c,o 
56,229 76o3 20101;:, -14,1 o.o 76,3 2nc;i;12 14,4 o,o 
84,054 74,7 201612 -21.0 o.o 74,7 21rnn 13,l (). 0 

112,333 72,5 2079/'i' •25,7 o.o 73,2 21r1n 11,7 o.o 
140,062 74,7 2079/2 •i?S,7 o.o 74,7 21/7-01;, 13, l c.o 
1680000 73,2 2ne412 -32,1 o.o 73,? 21 rJn 9 .1 o.o 
196,000 74,7 2084/2 -32ol o.o 74,7 21r112 11. 7 CoO 
2240000 74,7 2ii84/2 -32,l o.o 74,7 21ii112 11. 7 o,O 
252,000 74,7 2085/2 -33,4 o.o 74,7 21;.112 11 • 7 o.o 
280,0110 74,7 2ii86/2 -34,7 o.o 74,7 21;.212 10,4 11. 0 
308,000 76,3 2086/2 -34,7 o.o H,,3 i1r112 11. 7 o,o 
336,000 76,3 2088/? -37,3 o.o 76,3 21;.21;, 10,4 ,, • 0 

•364,000 76,3 2088/2 -37,3 o.o 76,3 21r21;, 10,4 11,0 
364,000 76,3 2088/2 -31.3 o.o 76,3 21 r2n 10,4 O•O 
365,000 1s.5 2088/2 -37,3 o.o 7c; .i; 21~?/2 10,4 o.o 
366,000 75,5 2088/2 -31.3 o.o 74.7 21;.212 10,4 c.o 
367,0oo 1s.s 2088/2 -31.3 o.o 1i:;.s 21r2n 10,4 (l ,0 
368,000 75 0 5 2089/? -38,6 o.o 74,7 21 r212 10,4 o.o 
369,000 75,5 2689/2 -38.6 o.o 74,7 21 r212 10,4 C,0 
370.000 75.5 2na912 -38,6 o.o 74,7 21;;31;, 9 .1 O,O 
371,000 o.o 0/0 OoO o.o o.o 1)/(l o.o o.o 
378,000 74,0 2090/2 •39,9 o,o 74,0 21~3/2 9 .1 (). 0 
385,000 74.0 209012 -39,9 o.o 74.0 21 r212 10,4 o,o 
392,000 75,5 2088/2 •37,3 o.o 7,i;,5 21r1n 11. 7 o.o 
4200000 74. 7 2090/2 -39,9 o.o 74,7 21r?n lo,4 o,o 
448,000 71,7 2093/2 •4308 o.o 71,7 21;.sn 6.5 o,o 

* CREEP STRAIN: TOTAL STRAIN• ELASTIC STFIAYN - AIIERAGE SHRTt..l<AH STRAIN AT T It-iE 



TIME 
IDAYS) 

0,0()0 
0,000 

,20@ 
,250 
,5oo 

1,042 
1,95@ 
3,083 
4,0,2 
5,104 
6,271 
7,t8B 

14,054 
21.012 
27,971 
56,179 
83,991 

112.283 
140,029 
168,000 
196,000 
224,000 
252,000 
280,000 
308,000 
336,000 

-364,000 
364,000 
364,125 
364,250 
364,500 
365,000 
366,000 
367,000 
368,000 
369,000 
370,000 
371,000 
378,000 
385,000 
392,000 
420,000 
448,000 

404 

STRAIN AND TE~PERATLRE DATA AFTER LOArJ~E 

SPECIMEN F-?0 

AXIAL STRFSS 
l<ADIAL STRESS 
TEST TEMPERATURE 

3600 PSI 
3600 PSI 

150 F 

AXIAL ELA5TJC ST~AI~ 
RACIAL ELASTIC STRAY~ 
TEST MOISTURE 

AXIAL GAGE RADIAL C:~c:E 

TEMP 
(Fl 

152,0 
152,0 
152,0 
151, 2 
1s2.o 
152,0 
152,0 
152,0 
152,0 
1s1,2 
151,2 
150,5 
152,0 
151,2 
151,2 
151•2 
149,7 
147,5 
1so.s 
1413,2 
147,5 
148,2 
149,0 
148,2 
149,0 
lF-El,5 
150,5 
150,5 
150,5 
150,5 
150,5 
148,2 
149,0 
149,0 
149,0 
148,2 
148,2 
14Cl,7 
148,2 
149,0 
150,5 
149,7 
142,2 

READ/DIV 
(FREQ> 

20A0/2 
3f.50/4 
3493/4 
3487/4 
3466/4 
3436/4 
3366/4 
3347/4 
3322/4 
3311/4 
3?91/4 
3279/4 
3?02/4 
3}50/4 

o,n 
010 
0/0 
0/0 
010 
0/0 
Olii 
0/0 
0/0 
0/0 
0/0 
010 
0/0 
0/ii 
0/0 
0/ii 
0/0 
010 
0/0 
0/0 
0/0 
0/() 
0/0 
0/() 
0/0 
0/0 
0/0 
o,;., 
0/0 

TOT STRAIN CREEP• 
CMIC•UNITS) IMIC-LNIT5l 

o.o 
308,7 
395116 
398,8 
410•2 
426,2 
463,i 
473,(1 
485,9 
49},6 
soi.a 
So7,9 
546,6 
572,2 

o. () 
O•O 
0,0 
0. () 
0 ,() 
o.o 
o,o 
0,0 
o,o 
o.o 
o.o 
0,0 
0,() 
o.o 
o.o 
o.o 
o,o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0 .o 
o.o 
0,() 
o.o 
o.o 
o.o 

o.o 
.o 

ee.2 
91. 5 

102.1 
11@,6 
160,4 
170,8 
1e5.1 
} 91,9 
202,8 
21,3,5 
256,7 
283,3 

o.o 
OoO 
o.o 
o,o 
(). 0 
o.o 
o.o 
0 .o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0,0 
o.o 
o.o 
o.o 
0,0 
0,0 
o.o 
o.o 
o.o 
o.o 

TEMP 
IFl 

152,0 
152,1) 
15?,0 
15?, o 
15;,, o 
152,0 
152,0 
15?,0 
152, n 
1s 1,? 
151.2 
150,5 
15;, ,o 
15i,2 
151, 2 
151,2 
149.7 
147,i; 
14R • 2 
148,2 
151,2 
153,5 
148,2 
l4R,2 
14Q.(I 
14q,o 
147,5 
147,S 
147,S 
147,S 
147,5 
14Q.o 
149, 7 
14c:i,7 
l4Q.7 
148,:? 
14R,2 
141!,;, 
146,7 
141!,2 
149,7 
149, 7 
14 3, n 

REAi'. /C Tl/ 
(Fl=FCl 

21:!0/2 
35,-(1/6 
32P!;/4 
3i'P0/4 
3?•n/4 
31110/4 
31"1!/4 
30•7/4 
3ii:E14 
2c:ic;;,,/4 
2970/4 
:?942/4 
271;7/4 
27;9/4 
2ll4i'/4 
2446/4 
23i:(l/4 
2;,;s,4 
21'.?4/4 
204(1/4 
39c;11e 
3,;; 6/@ 
31!=.2/P. 

1)/11 
11/0 
0/0 
1)/0 
0/0 
/l/0 
0/0 
0/0 
0/0 
ll/0 
0/0 
0/0 
11/0 
0/0 
0/0 
0/0 
1)/0 
01n 
0/0 
0/0 

3oe.1 MtCRO-UNil5 
423•2 MICR0-UN1T5 

115 CAS1 

TOT STRAI~ CRFEP• 
!MIC-UNITS) (~lC~LNtTS) 

o.o 
424.2 
570,l 
572,7 
587,8 
622,7 
648,1 
682.2 
692,1 
712,7 
122.e 
735,6 
Boo.1 
833,S 
865,S 
94;,.8 
97804 

1022.s 
1053,5 
1083.9 
1097,8 
1138,9 
1213.9 

0,0 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

C,O 
lel 

147,9 
1!: O • 1 
l t!: • 3 
202.0 
23}.9 
2E,!: ,3 
27'1 o l 
29«; • l 
31",6 
32,f, 7 
3c;4,8 
431.1 
4~(:. '1 
SC.7,6 
592,5 
6JP,8 
6'1 \ ,5 
7C4 ,2 
7\P. ,7 
7,f:·2 .1 
834,7 

O•O 
c.o 
o,o 
r, .o 
c,o 
c.o 
c.o 
". 0 c.o 
C,O 
c.o 
c.o 
r,. 0 
0,0 
c.o 
o.o 
c.o 
c.o 
o.o 
C,0 

* CREEP STRAIN= TOTAL STRAIN• ELASTIC STRIIIN • AIIERA~E SHRT~~~ff STRAIN Al TI~E 



TIME 
(DAYSI 

OoOOO 
OoOOO 

0125 
o25o 
0 5~0 

1.042 
20000 
3.083 
4o042 
5012s 
60292 
702oe 

140083 
210042 
28 0021 
5602oe 
840033 

1120325 
1400083 
H,e.ooo 
1960000 
224oOUO 
2520000 
2800000 
3080000 
3360000 

-3640000 
3640000 
3650000 
3660000 
3670000 
3680000 
3690000 
3700000 
3710000 
3780000 
385.000 
3920000 
4200000 
4480000 

AXIAL STRESS 
RADIAL STRESS 
TEST TE~PERATURE 

405 

STRAIN ANO TF~PERATLRE OATA AFTER Ln~rt~~ 

SPEC l"'EN F-?l 

-o PSI 
-o PSI 

150 F 

AXIAL ELA~TTC ST~AJ~ 
RADIAL ELASTIC STAAi~ 
TEST MOISTURE 

AX I AL GAGE 

TE~P 
(Fl 

149.7 
149.7 
14907 
14907 
149.7 
149.0 
14802 
14907 
149.7 
14907 
14907 
1s1.2 
1i;o.5 
149.7 
14802 
14907 
148.2 
147 0 5 
145.2 
145.2 
145.2 
145.2 
144.S 
145.2 
14502 
145.2 
144 05 
144 05 
144 05 
144 05 
144.5 
144 0 5 
144.5 
144.5 

OoO 
143.o 
144 0 5 
143.8 
143.8 
142.2 

READ/DTV TOT STRAIN CREEP* 
(FREQ) (MIC-UNITS) (MIC•LNITSI 

2045/;? 
21145/2 
2047/2 
2n4712 
21146/2 
2n4912 
2ii51/2 
2ii52/2 
2il53/2 
2ns512 
2nS6/? 
2n58/2 
2ii63/2 
21168/2 
2071/i? 
2n1612 
2083/2 
2082/2 
2083/2 
2ii83/;:> 
2/l89/2 
2ij83/? 
2082/2 
2ii81/2 
2080/2 
2080/2 
2oB0/2 
2ii80/2 
'Zo79/2 
2079/? 
2r,79/2 
2n1912 
201912 
2079/2 

0/0 
2079/2 
2079/2 
2078/2 
2077/2 
2082/2 

OoO 
OoO 

-2,5 
-2,5 
-lo3 
.soi 
.706 
... e 0 9 

•lOo2 
•l2o7 
-1•00 
-1605 
-2209 
-2903 
-3302 
•3906 
•4806 
-4703 
-4806 
-4806 
-5604 
-4806 
-4703 
•46.0 
•4408 
-44oB 
-4408 
-44,8 
-4305 
-43,5 
-4305 
-4305 
-4305 
-4305 

o.o 
-43.5 
-43,5 
-4202 
-40,9 
-47,3 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
000 
o,o 
0 .o 
o.o 
o.o 
o.o 
o,o 
000 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o,o 
OoO 
o.o 
o.o 
o.o 
o.o 

TEMP 
(Fl 

14q.7 
l4q.7 
149.7 
149.7 
l4q. 7 
149.o 
148.2 
149.7 
149.7 
l4q.7 
14?.? 
149.7 
15ii. S 
15 ii• 5 
101.2 
149.7 
146,7 
14607 
146,0 
145,2 
144,5 
145.2 
145,? 
145,2 
145.2 
146.o 
144 .5 
144 .s 
144.S 
144,5 
144 .s 
144.5 
144.S 
144.5 

o.o 
143.o 
144.s 
143.P 
143,P 
142.2 

REAr1CTV 
(FAEQ l 

2024/2 
20;:4/;: 
20,sn 
2n;:512 
20;:s12 
20'-7/2 
20;:912 

0/0 
n/O 
0/() 
0/0 
0/0 
0/0 
0/0 
0/ll 
0/0 
0/0 
11/0 
0/0 
0/0 
0/0 
11/0 
0/0 
0/0 
(l/0 
0/0 
11/0 
0/0 
1)/0 
0/0 
0/0 
ll/0 
0/(l 
(l/0 
0/0 
11/0 
l)/ 0 
0/0 
OIi) 
0/0 

•OoO MJCRC•UNI1S 
•0 0 0 MICR0-UNI15 

AIR Ol<Y 

TOT STA~I~ Ci<EEP• 
(MIC-UNITS) (~IC•LNITSl 

o.o 
o.o 

-1. 3 
-1.3 
-l .3 
.. 3.0 
-fto3 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
OoO 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
OoO 
o.o 
o.o 
o.o 
o.o 
O•O 
o.o 
o.o 

C • 0 
c.o 
o.o 
c.o 
CoO 
c.o 
CoO 
c.o 
c.o 
0 .o 
c.o 
c.o 
,, • 0 

o.o 
o.o 
c.o 
o.o 
o.o 
c.o 
OoO 
o.o 
o.o 
(' .o 
". 0 o.o 
o.o 
11. 0 
0 .o 
c.o 
() .o 
o.o 
o.o 
Cl• 0 
o.o 
c.o 
o.o 
0,0 
O•O 
O•O 
o.o 

* CREEP SlAaI~ = TOTAL STRAIN• ELASTIC STR~IN ... AVERAGE SHRi~ktEE ~TRAIN ~T TI~E 



406 

STRAIN AND THPERATLRE DATA AFTER Ln~r,JI\C:: 

SPEC}r,,EI\ F-?3 

AXIAL STRESS -o PSI AXIAL ELASTIC STi::11111 -o.o MICRO-UNll~ 
RADIAL STRESS •O PSI RADIAL ELASTIC S'fP/lH. -o.o MICRO-UNil5 
TEST TEMPERATURE 75 F TEST MOISTURE AS CAST 

AXIAL GAGE RAMAL C,/l(:E 

TIME TEMP F<EAD/DTV TOT STRAIN CREEP* TF:MP REllurn, TOT STRAlt\ CREEP* 
(DAYS) IF) (FREQ) (MIC•UNITS> (MIC•L~JTS) (Fl (Fi::Er. l (MlC-LINilS) (r,,IC•LN!TS> 

0.000 74.7 2200/2 o.o o.o 74.7 21'10/, o.o c.o 
0.000 74.7 2200/2 o.o o.o 74.7 2170/2 o.o c.o 

.12s 74.7 2200/2 o.o -0. 0 74.7 2170/2 o.o o.o 

.250 74.7 2200/2 OiO o.o 74.7 2170/2 o.o o.o 

.soo 74.7 2200/2 o.o o.o 74.7 2] F-C,/2 1.3 c.o 
1.042 7S.S 2200/2 OoO o.o 7~ .i; 21 l'C,/2 1.3 I). 0 
2.ovo 74.7 2200/2 O•O o.o 74.7 211"9/2 t.3 o.o 
3.083 75.S 2199/2 1.4 o.o 1s.s 21,-en 2.1 O•O 
4.042 76.3 2198/2 2.7 o.o H,.3 21,-en 2.1 o.o 
s.12s 76.3 2198/2 2o7 o.o 76.3 2H7/2 4.0 o. 0 
6.292 76.3 2198/2 2o7 o.o 7F,.3 211"7/2 4.0 n.o 
7.208 75.S 2198/2 2o7 o.o 75.S 21 f.P/2 2.7 r.o 

14 • Otl3 75.S 2200/2 o.o o.o 7s.s 21f.rA/'; 2o7 o.o 
21.042 75 0 5 2200/2 o.o o.o 7!'i. !:i 211"'9/2 1.3 r.o 
20.021 74.7 2200/2 o.o o.o 74.7 2}1'q/2 1.3 o.o 
56.221 76.3 2200/2 OoO OoO 7 (I,.::- 21 l"!l/2 2.1 CoO 
840033 74.7 2200/2 o.o o.o 74.7 2Jl"q/2 1.3 (). 0 

112.312 74.o 2201/2 -1.4 o.o 74.7 211n12 o.o o.o 
1400083 73.2 2199/? 1.4 o.o 7 3. 2 211"7/2 4.0 OoO 
168.000 73.2 2201/2 -1.4 OoO 73.2 21 ,.e,,2 1 • 3 c.o 
196.000 74.0 2]98/;:, 2o7 o.o 74on 211"f./2 s.4 CoO 
224.000 74.7 2197/2 4ol o.n 7~o7 ?1"4/2 a.1 (:. 0 
2s2.ooo 74.7 2J 9S/2 6.8 o.n 74.7 211'3/'; 9.4 (). 0 
2800000 74.7 2194/2 a.2 o.o 74.7 21,-212 10.1 o.o 
3080000 76o3 2192/2 10.9 o.o 71,. 3 2JC:9/2 14.8 n. 0 
336.000 7S.5 2192/2 10.9 o.o 71, • 3 21c:en 16.1 o.o 

-364.000 75.5 2190/2 i3.6 o.o 1,,.3 21C:6/? 1808 o.o 
364. 000 75.S 2190/2 13.6 o.o 76.3 21C:6/2 is.a c.o 
365.000 74.7 2190/2 1306 o.o 74o'7 2h02 18.8 c.o 
366.000 74.7 2190/2 i3.6 o.o 74.7 21C:6/2 18.8 r,. 0 
3670000 74.7 2190/2 1306 o.o 74.7 2]r:.(,t, 1Ao8 O•O 
368.000 74.7 2190/2 1306 o.o 74.7 21C(,f? 18.B c.o 
3690000 74.7 2190/2 1306 o.o 74.'7 2JC:7/i? 17.4 o.o 
3700000 74.7 2190/2 ]306 o.o 74.7 21r:.6/2 18.8 c.o 
371. 000 74.7 2190/2 1306 o.o 74o7 21&:6/? 18 0 8 CoO 
378.000 74.0 2190/2 13.6 o.o 74.0 21.c:t.n 1808 c.o 
385.000 74.7 2189/2 1soo o.o 7 4. r, 21i:512 20.1 c.o 
392.0UQ 74.7 2)88/2 16.3 o.o 74.0 21c:4n 21.4 c.o 
420.000 74.o 21.87/2 17.7 o.o 74 • ') ?1':'3/2 22.e c.o 
448.000 71. 7 2189/2 iS,O o.o 71.7 2]C:':'/2 20.1 c.o 

* CREEP STR11JI\ .. TOTAL STRAIN - ELASTIC STRIITN • AVERAGE SHA Tl'..!< AGE STRAIN Al TIME 



407 

STRAIN AND Tfl/PERATl.RE DATA AFTF.R lt'lAl;ll\G 

5PECI~EI\ F-30 

AXIAL STRESS 2400 PSI AXIAL ELASTIC ST~AII\ 110.0 MICRC-UNil5 
RADIAL STRESS 2400 PSI RADIAL ELASTIC Slr:.ATI\ ?l9•A MJCRC-UNIT5 
TEST TFMPERATURE 75 F TEST MOISTURE /l IR ORY 

AXIAL GAGE F<A!'lIAt GA,C-E 

TIME TEMP READ/DIV TOT STRAIN CREEP* TEMP PEAC/rTII TOT STRAH, CFl'EP* 
(DAYS) (F) (FREQ) (MIC-UNITS) <MIC-l.t.:ITc;> (Fl (F~FQ l (MIC-UNITS) (t,1lC•LNITS> 

0.000 74.7 2050/2 o.o OoO 74o7 2nc;412 o.o 11 • 0 
0.000 74 • 7 3A22/4 110.7 06 74.7 38-iU4 221.3 1.5 

.125 75os 3781/4 194.8 24 0 8 7c:;.c; 37~4/4 26103 4106 

.250 74.7 3772/4 200.1 3005 75. r:; 37C:0/4 269.5 4,c; ,6 

.5oo 7407 3763/4 2(15.4 3!: .2 74. 7 37?6/4 28304 t '.:. 0 
10042 75o5 3729/4 22s.1 5409 7c;,5 3f-7P/4 310o9 c; (' o2 
2.000 74o7 3689/4 248,1 1e 05 74.7 364 0/4 332.5 11 O 06 
3,083 7603 3672/4 257,8 a1.a 7,:. • 3 3c;c;v4 35Cl.4 13t. 0 
4,042 76,3 3660/4 264,6 96.3 76,3 3C::.fCl/4 372 .1 14c; • 0 
5,125 11.0 3f>48/4 271,4 103.4 11.ri 354]/4 387.6 lt::? .3 
6.292 75,5 3638/4 277 .1 110 .4 75,5 3'ij7/4 400,7 lH 0 9 
1.2oe 77 .o 3626/4 283.8 11e .2 11.n 3c;10/4 404 05 1e r ,4 

14,071 1s.s 3"i9l/4 303,4 139,3 7S. c:; 34;2/4 451 08 22'5,4 
21,029 1s.s 3565/4 317 .0 156,3 75 .c:; 33P!l/4 46CJ.7 240,2 
20.012 76.3 3547/4 327,7 167 .1 7fi,3 33:7/4 496,3 at.::. 1 
56,212 7603 3501/4 352,9 197,6 76,3 3?;7/4 547.2 31(1,3 
84.033 75.5 3468/4 370,7 21 c; .1 1c;.s 31~9/4 57} ,6 3::;: ,8 

1120312 75,5 3451/4 379,8 233,6 71'> ,3 3147 /4 591.0 3!:,3 ,4 
140.071 74,7 3450/4 3B0,3 236 • 7 74.7 311 0 /4 609,7 371,7 
168,000 75.5 3448/4 381,4 240,3 74,n 3oc;S/4 t.16.9 38(1,0 
196,000 75.5 3432/4 389,9 251,3 7,i; .c; 3M0/4 61Cl,3 3E3, l 
224,000 74,7 3423/4 394,7 256,9 74.7 301'0/4 633,6 Jc;"' .e 
2s2,ooo s1.s 3421/4 395,8 257.9 7c;,s 3~il4/4 641,2 404 • l 
2Ao.ooo 75,5 3416/4 398.4 262,1 7~ .c:; 31l:1/4 64f>,4 410•1 
3080000 76o3 3414/4 399,5 26302 11.0 301Fl/4 653.4 41,5 .e 
336.000 76,3 3406/4 4o3,7 26E,2 77,n 3(11214 E: Sf>, 2 4Je.9 

•364,000 76.3 3401/4 406,3 271.3 7f>,3 3nr::14 66Q.4 42'2,9 
364,000 76,3 3734/4 222.2 87.2 7fi,3 34PU4 419,7 1e2 .1 
364,125 76.3 3756/4 209,4 74,4 7,:.. 3 35;914 405.0 167 .s 
364.250 76.3 3759/4 207,7 12.1 7~o3 3Si4/4 402,3 iuoe 
364.500 76,3 3764/4 204,8 6c; ,8 76,3 3c; i e 14 400ol lf?. ,6 
365,000 75,S 3768/4 202.4 67.3 75.'5 3"i~'c/4 396,3 1 s.e • e 
366,000 75.S 3773/4 199,5 64,3 7c::..s 35'13/4 39),9 1,5 4 , 4 
367,000 75,5 3775/4 198,4 63.2 7~.c:; 35~!':/4 390,8 15,3 .1 
368,000 75,S 3783/4 193.7 se.0 7s.5 :::ic;44/4 385,9 14,f:I • 6 
369,oi,o 74o7 3786/4 191.9 57,3 74,7 3547/4 384,3 14 7 • 1 
370•000 74,7 3786/4 191•9 57,2 74.7 3c:;c: t / 4 382•1 144•8 
371,000 74,7 3790/4 le9,6 5!:, 1 74.7 3c;c:3/4 381,0 14::.e 
378,000 74,7 3798/4 184,9 50,6 74,7 351'- 4 /4 374,9 117 ,5 
385.ooo 75.S 3A04/4 181.3 46.7 7,:; .c; 35'? l /4 371. O 13:•0 
392•000 75,5 380614 180°1 46,1 7i:;,c:; 3i:;'1P/4 367,1 12c; • 2 
420,000 74.7 3A23/4 170,1 36.4 74.7 3c;c:7 / 4 356,6 llP, 3 
448,0VO 74,7 3A40/4 160.0 27.3 74,7 36iS/4 346,5 1 oc;. 3 

* CREEP STRAII\ .. TOTAL STF<ATN • FLASTIC STRAIN - 11\IEF<AC.E SHPTt\l< llt'.:E <;TRAIN Al l l'-'E 



TIME 
IOAYc:;) 

0.000 
0.000 

.1~1:: 

.250 

.soo 
1. 0'+2 
l • 979 
3.oB3 
4.021 
5.104 
6.211 
7 o 11:le 

14.063 
21.021 
2s.ooo 
56.200 
A4.0?l 

112.300 
140.062 
H,B.ooo 
196.ooo 
224.000 
252.000 
2AO.OOO 
308.0IIO 
336.000 

•364.00C 
364.000 
364.12': 
364.250 
364.490 
365.ooo 
3M,.ooo 
367.000 
368.ooo 
369.oOo 
370.000 
371. 000 
378.ovn 
3Rs.oOo 
3<l2.000 
420.000 
448.00Q 

408 

STRAIN AND TF~PERAT~RE OATA AFTER LOarlN6 

SPECI~EN F•33 

AXIAL STllF.SS 
PADIAL STFlESS 
TEST TF~PEFlATURE 

2400 PSI 
•O PSI 

150 F 

AXIAL ELASTIC STpAJN 40903 MICR0•UNIT5 
RADIAL ELASTIC S1PATN •109ol MICRO•UNlTS 

TE~P 
(Fl 

152.7 
152.7 
152.C 
152.0 
1s?.o 
l",2 • 7 
l ">lo 2 
1!'>2•0 
1<;2.7 
1s2.o 
1s2.o 
152.0 
1s2.o 
1so.'5 
l'il .2 
1s0.s 
} 49 • (1 

149.7 
147.5 
148.2 
147.5 
145.2 
147.5 
146.7 
143.P 
146.7 
146.7 
146.7 
146.7 
146.7 
146.7 
146.0 
146.0 
146.7 
146.7 
146.0 
146.0 
146. 0 
146.0 
146.0 
146.0 
1,,s. 2 
142.2 

AX !AL GAGE 

PEAO/O'iV 
(FREQ) 

2MH/2 
3470/4 
3392/4 
3370/4 
3344/4 
3:,99/4 
3;.>42/4 
3?20/4 
3?03/4 
3182/4 
3153/4 
3140/4 
3n53/4 
3046/4 
2986/4 
2%6/4 
2R01/4 
2725/4 
2687/4 
2F-.44/4 
2631/4 
2'556/4 
?<;08/4 
2454/4 
?.3R2/4 
2298/4 

01.; 
3330/4 
3327/4 
3330/4 
3337/4 
3347/4 
3358/4 
3367/4 
3372/4 
3377 /4 
33Fl0/4 
3385/4 
341)4/4 
3411/4 
3413/4 
3429/4 
3445/4 

TEST MOISTURE AS CAST 

TOT STRAJN CREEP* 
IMIC•UNITS) IMIC•~NITSI 

o.o 
409.3 
450,8 
462;3 
47SoB 
49900 
5:?7,9 
53809 
54704 
55708 
57200 
57804 
62001 
623.4 
651•5 
7oS,9 
73404 
76700 
78209 
sooo7 
80600 
836,2 
R55oO 
875 0 8 
902o7 
933.2 

OoO 
48301 
484,6 
483,1 
479.S 
47403 
46806 
463 .9 
46103 
45807 
4'57ol 
4S4.S 
444.5 
440 0 8 
43907 
43lo2 
42?o7 

OoO 
.o 

42,8 
54.3 
67,2 
90oa 

124 .6 
136,1 
146.0 
157.s 
172.4 
183.4 
22906 
233.9 
264.7 
33202 
3seos 
391.7 
406 • O 
423.7 
42904 
459.4 
474.7 
496.7 
523.7 
554.8 

o.o 
102.1 
104.3 
102.7 

99 .1 
93.9 
ee.2 
e3.5 
eo.9 
7E!.3 
76. 7 
74.l 
64.1 
60 .4 
60.0 
so.e 
43.6 

TEMP 
IF! 

152. 7 
152.7 
152.0 
152.0 
15;,.o 
l'!:2,7 
15] • 2 
15?•0 
152.7 
1s2.o 
1s200 
152.0 
152.0 
lSo.i; 
1sj.2 
150."' 
l49on 
151. 2 
148.2 
}4A 0 ;, 

146.7 
144.c; 
146.7 
146. o 
143.P 
145.2 
14;.;, 
l4c;.;, 
14c;.2 
l4c;.;, 
145.? 
144.c; 
l 4c:; •;, 
l4r;o;, 
l4S.? 
143 0 P 
143.A 
14 3 .e 
14 3 • o 
143.P 
143.P 
144 .i:: 
140. 0 

REAUCTV 
(FPF.Ql 

2oi:1n 
2li:4/2 
2171/,' 
21i312 
21,c;n 
21;:nn 
211''!:/? 
21F8/2 
21~()/2 
2}C3/2 
2lC6/2 
2lc;p/2 
22r112 
2t?i1t? 
22; 9/2 
22~4/2 
i??'.19/2 
2?40/2 
224 nn 

0/0 
otn 
!1/C 
(1/0 
()/() 

nn 
n1c 
0/0 
(!/0 

"1n 
n tr. 
r,/ 0 
11/ n 
0/0 

0/0 
n/O 
'1/0 
nt n 
uo 
1'/0 
11/0 

OIO 
0/0 
0/0 

TOT STRAI~ CFEEP• 
(MlC•UNITS) IMIC•LNITS) 

o.o 
·109.2 
•11806 
-121.3 
·124,0 
•130.8 
•13705 
·141.6 
•144.3 
•148,4 
·152.s 
•15So2 
-167,S 
·175.7 
•18400 
•20407 
•21106 
-213.0 
•213.0 

o.o 
OoO 
o.o 
f). 0 
OoO 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
n.o 
o.o 
o.o 
n.o 
OoO 
o.o 
n.o 
n.o 
o.o 
o.o 
o.o 

C•O 
•• 1 

•f.6 
·l}o6 
•14o3 
·le; o 2 
-21 .s 
·2602 
-27.0 
•29 • 7 
··32 • 3 
•3 J o9 
,.4 C .5 
-45.7 
-.s O o 4 
-s7.5 
·6!:.2 
·6406 
-1:2. 7 

C•O 
(). 0 
o.o 
o.o 
o.o 
o.o 
c.o 
c.o 
o.o 
CoO 
CoO 
C•O 
(l. 0 
o.o 
o.o 
c.o 
c.o 
c.o 
o.o 
c.o 
r.o 
r. o 
c.o 
~.o 

~ CREF.P STRAIN= TOTAL STRAIN .. ELASTIC STRATN • AVERAGE SHAT~KAC-F STRATN Al ll~E 



409 

STRAIN AND TnPERATlJRE DATA AFTER LO~CTI\G 

SPEC Int\ F•:;14 

AXIAi STRESS 2400 PSI AXI~L ELASTIC ST~ATI\ 468.A MICRO•UNil5 
RADIAL STRESS -o PSI RADIAL ELASTIC SHlA 1" •122•7 MICRO•UNil~ 
TEST TE~PERATURE 150 F TEST MOISTURE AIR Dl<Y 

AXIAL GAGE RADIAL C:i\GE 

TIME TE~p pEAO/DIV TOT STRAIN CREEp* TEMP REAC/CTV TOT STRHI\ Cr;EEp• 
<DAYS) (Fl (FREQ.) (MlC•UNITS) (MIC•LI\ITS> (Fl (F'S::EC> <MIC•IJNITSl (MIC~LNITS) 

0.000 152.7 2n1312 o.o o.o 152.7 2040/2 o.o o.o 
0.000 152.7 3184/4 470.5 1.1 152.7 21::sn -123.0 •• 3 

.125 152.0 3052/4 534.3 66.4 15::>.o 211,212 •132.2 ·-Iii .6 

.250 152.0 3017 /4 5so.7 e2.e 15;:> • o 21451,l •136.2 -13 .2 

.500 152.7 2'H9/4 568.4 100.0 15~.7 214P/2 •140.2 -n.6 
1.042 152.7 2910/4 599.9 133.3 15;:,. 7 2]"4/2 •148.2 -21, .a 
l.<:>79 152.7 2fll9/4 640.3 178 .2 15;:, • 7 21"9/2 •154.9 ·2fl .1 
3.083 152.0 2789/4 653.3 192.4 l 5;:, • o 21 '-"/2 •161.6 ... 3.5 .1 
4.021 152.7 2762/4 665 00 207.5 15?.7 21'-"12 -164.3 ... 35 .4 
5.1;;4 1s2.o 2732/4 677.7 222.4 1s2.o 21,-c.12 •168.3 -.3e.6 
6.271 152.7 2689/4 695.8 241.6 152.7 2171/2 -111.0 -4 O • 7 
1.1se 152.0 2669/4 7o4.l 253.o 15? • o 2]74/2 -ns.o •42 • 7 

14.063 152.7 2S47/4 753.4 312.2 15? • 7 21i>1n -184.S -4F-,8 
21.oc1 152.7 2541/4 755.8 320.2 15::>. 0 21nn •185.9 •4f.5 
2s.ooo 1s1.2 2462/4 786,4 354 .o 151 .2 21/:7/2 -192,6 ... ~·2 .1 
56,2VO 150.5 2305/4 844.4 426.3 151.2 22r212 •213 • 0 -.6 (1.1 
84.021 15o.5 2204/4 879.7 472 .o 15o.5 22;.012 -21 o • 3 •4 7 .3 

112.304 151.2 2104/4 913.1 504.6 151.2 2? r 1 /2 -211.7 -.!52 .s 
140.062 149.0 2060/4 921.3 521.4 150.c; 22r;i12 -213.0 "1!;]. 3 
160.000 147.s 2016/4 941.2 537,3 149.o 22;.212 -213. 0 ·"F. .1 
196.000 147.5 3986/8 948,3 547.1 149.o 0/0 o.o c.o 
224.000 145.2 3843/8 970.0 567.7 146.7 n1n o.o C,0 
252.000 146.7 3757/8 982.7 582,6 149.o 0/11 o.o o.o 
200.000 147.5 3683/R 993.4 590.0 149.7 0/11 o.o o.o 
30R.OOO 147.5 3!i93/R 1006,0 603.3 149.7 0/0 o.o (!. 0 
336.000 148.2 3513/8 1011.1 614.B 149.7 0/0 o.o o.o 

-364.000 148.2 3447/8 102600 623.o 149.7 0/0 o.o o.o 
364.000 148.2 2920/4 595.4 192,4 149.7 ll/0 o.o C,0 
364,12!= 148.2 2960/4 577.1 174 .1 l4C). 7 ll/0 o.o c.o 
364.250 148.2 2968/4 573,5 170 ,5 149. 7 11/(1 o.o c,o 
364.490 148,2 2975/4 570,,? 167.2 149,7 (l/0 o.o o,o 
365,000 146,7 2984/4 SM>o l 162,8 14A.? fl/0 o.o o.o 
366.000 146.7 2999/4 559,1 i55.6 149.o 0/0 o.o o.o 
367,000 146,7 3]10/4 506.6 103.l l4ci, n 0/0 o.o 11 • 0 
368.000 146,7 3iil5/4 551,7 148.2 149.n 0/0 O•O O•O 
369,000 146,7 3ii24/4 547.5 144.o 149.o '!/0 O•O 0•0 
370,000 146.7 3030/4 544•7 141.2 149.n 0/0 o.o c.o 
371,000 146.7 31135/4 542,3 139.3 148.2 0/0 o.o c.o 
378.000 146.o 3057/4 531.9 129.1 l4R.2 ll/0 o.o o.o 
385,000 146,7 3(174/4 5?3,8 120,6 14R,2 n10 O•O O•O 
392.000 146,7 31186/4 51!'1.l 114,0 l4a.2 0/0 o.o o.o 
420,000 146.o 3117/4 So3,2 98.4 147.S 0/0 o.o c,o 
448.000 143,8 3152/4 486.2 85.3 14S.2 0/0 o.o 0,0 

* CREEP STRAil'i • TOTAL STRAtN - ELASTIC STRIIJN • AVERAGE ~HRTl\l<lll!E STRAIN Al lIME 



410 

STRAIN AND THPEFIATLRF DATA AFTER LOArlf\CE 

SPECJt,iEN F•42 

AXIAL STRESS -o PSI AXIAL ELASTtC STAAII\ •SloR MJCl<0•UNil5 
F<ADIIIL STRESS 600 PSI RADlAL ELASTIC SlAAn 74o3 MJCl<O-UNIH 
TEST TEMPERATURE 75 F TEST MOISTURE AIR DRY 

AXIAL GAGE 1<Ant A1 GA,GE 

TIME TEfllP READ/DIV TOT STRAIN CREEP* TEMP REArJCTV TOT STRAII\ Cr;EEP* 
!DAYS> (Fl (FREQ) (MIC-UNITS) <MIC•LI\IT5l (F) (FAEQI (MIC•llNITS) (MIC•LNITS) 

OoOOO 74.o 2070/? OoO OoO 7400 201-4/i? o.o O•O 
0.000 74oO 2110/2 -c;l.a -.o 7400 iori::/2 74o4 .2 

ol25 75 0 5 2110/2 -51.B -.o 7c;.s 2nrn/2 80 06 ,f, .s 
.250 7So5 2110/2 .51.a .4 7s.s 39<;7/4 02.s I'. 2 
.500 74.7 2110/2 -s1.e -.1 740 7 3CJ<;~/4 83.l €.3 

1.042 75 0 5 2111/?. -53.l • l. 5 7c;.s 3qc;114 8().2 11 • a 
lo979 1s.s 2112/2 -54.4 -2.2 75 • r:; 39€4/4 9o.5 14.2 
3o083 75.5 2113/?. •55.8 -3.9 75.r:; 3974/4 96.7 1Po9 
40021 76.3 2115/2 -5804 -4.8 7().3 3Cli'4/4 102•8 2!" • 2 
5.104 75o5 2115/2 -58.4 -4.5 76.3 JQ~(l/4 10so3 2 f- o 6 
6.271 75.5 2116/2 -59.7 •4 05 1s.s 391-0/4 105.3 ,n .1 
1.1ae 74.7 2116/;, .59.7 -3.5 74.n JC/r:P/4 10605 2e.o 

140071 75o5 212212 •67•6 •908 7~.i; 39.;p/4 11808 37.9 
21.029 75.5 2124/2 -10.2 -9.9 7ir,. 3 3CJ;7/4 12s.5 4lo5 
27.996 75.5 2125/2 -n .5 -10.3 75 0 5 3Cli4/4 133.4 46.3 
56.196 75o5 2133/2 •82ol • l·S o5 7sos 3M7/4 149.7 ,!"e. 3 
B4o029 74. 7 2)40/2 -91.4 -21.0 74.7 3P78/4 155.1 ,f 1 .e 

1120312 75o5 2143/?. •95o3 .. 19o7 7soc; 381'9/4 160.5 f 7 06 
1400067 74.7 2146/2 -9903 -21.1 75 0 5 38!'P/4 161.l fPo6 
160.000 12.s 2154/2 -110.0 -29.2 12.s 3P~}/4 159.3 f-7 .9 
1960000 73.2 2151/2 -106.0 -22 0 8 73.:? 3P1ri/4 159.9 fc; o 3 
2240000 71. 7 2153/2 •loB.7 •24.6 11.1 381'1/4 lb5o3 74.0 
2s20000 75o5 2155/2 -111.3 •27.4 75 0S 38"'7/4 167.7 H- o2 
2AOoOOO 75.5 2} 57 /2 •114•0 -2eos 7c;os 3F>i::f /4 168 • 3 77.5 
3080000 75.S 2}59/:? -1160 7 •3lol 7F>.3 3PC:2/4 1111. 7 7Fo7 
3360000 76.3 2160/2 •llBoO •31.7 7i<..3 3Pi:4/4 16go5 77 o7 

•364 0 0UO 76.3 2161/? -119.4 •32 05 H>.3 38~9/4 112.5 eo.5 
3640000 76.3 2121/2 .. 6603 20.6 7i<.. 3 3QF 3/4 91.l ·- 0 9 
364012".= 76o3 2121/2 -6603 2006 7i<,. 3 3QF7/4 88.7 -,: 0 3 
3640250 76.3 2121/2 •6t>o3 20 ·"' 76.3 3gq/4 88 07 -.3.3 
3640500 76.3 2121/2 -6603 20.,, 76.3 391>F/4 88.l •,: .9 
365.oon 76.3 2121/2 •6bo3 20.5 76.3 3C/C:ll/4 86.8 -.~ .2 
366.000 76.3 2121/2 -6603 20.4 H, 0 3 39C:(l/4 86.8 .. ~. 2 
3670000 76o3 2120/2 .. 64.9 21 00 76.3 3gc;n/4 8i<.oe -!" .4 
3680000 76.3 2121/?. -66.3 20.7 7f, • 3 3CJc;i::14 B3o7 -e.o 
369.000 74.7 212212 -6706 1,c; o 7 75.5 JQ<;'? /4 02.s .c; ol 
370.000 74.7 2122/2 -67.f, 1906 75 o"i 39G7/4 82.5 .. c; o3 
371 o 000 75o5 2122/2 •6706 1908 7i;o5 3QC:F>/4 a 1.g -c;. 7 
378.000 75.5 2120/2 •64o9 22o7 7i;. o; 40('0/4 80.6 -11 o 2 
3ASoooo 7So5 2121/2 -6603 21.0 1soc; 4nrf!/4 80.6 -1 J o9 
392.000 76.3 2120/;:> -6409 22.9 H,.3 40('0/4 ao.6 -11 o 7 
4200000 75.S 2120/2 -64.9 230:? 75oc; 2or.'.:ln 7f,,. 9 -10:: 0 'l 
448.000 74.7 2123/;, •6809 20.2 7r:; o"i 2nr1n 71.9 -1 C:. 7 

* CREEP SlAA r,,.. = TOTAL SlRATN • ELASTIC STRAIN• A VE AAGE <;HATI\I< ~H <;TRAIN /1T l11JE 



411 

STRAIN AND TF'"PERATI..RE DATA AFTER Ll'l~r,IIIG 

sPECinl'\ G.1 

AXIAL STRESS -o PSI AXIAL ~LASTIC STkAJII •O,O MICRO•UNll5 
pADIAL STRESS -o PSI RADIAL ELASTIC ST~AIII •O,O MICR0•UNlT5 
TEST TF~PERATURE 150 F TEST MOISTURE AS CAST 

AX I AL GAGE RAO I At GH;E 

TIME TE~P PEAO/OJV TOT STRAIN CREEP* TEMP REArtrJV TOT STRAIII CHEP• 
(DAYS) (F) (FREQ) (MIC•UNITSl (MIC•IJIIIITS> (F) . (FkFCl IMIC•UNITS> <t-1IC•LNITS) 

0,000 149.7 2132/2 o.o o.o 149,7 21;.31;: o.o c,o 
0.000 149,7 2132/2 o.o o.o 1"9,7 21;:3n o.o o.o 

.125 149,7 2134/2 -2,6 o.o 149,7 21r412 •1,3 (! .o 

.2so 149,7 2134/2 -2,6 o.o 149,7 21;.3n o.o fl• 0 
,500 149,7 2133/2 -1.3 o.o 149.7 21r:12 0,0 (). 0 

1.000 1s1.2 2133/2 -1.3 o.o 151.2 21;.412 •1,3 c.o 
2.ouo 149,7 2135/2 -•.o o.o 1!:n,'5 21r112 -5.2 c. 0 
3,021 151,2 2135/2 -•.ii o.o lSi,2 21rt:n •3,9 c.o 
4,021 150,5 2138/? .7,9 o.o lSii.~ 21r9n .. 1.a c.o 
5,375 1so.s 2140/2 -10,6 o.o 149,7 2111/2 •10,5 o.o 
6,042 149,7 2140/2 -10,6 o.o 149,7 2112/2 -11,8 0,0 
7,000 150,5 2140/2 -10,6 o,o 1s~.s 2113/:i.' -13,l c.o 

14,071 149,0 2146/2 -18,6 o.o 149,7 2119/2 -20,9 ~.o 
21.062 149,0 2149/2 -22,6 o.o 149,0 2Ii=3/2 -26,2 o.o 
28,0~2 148,2 2152/2 -26,6 o.o 14A ,2 212'-'/2 -30.2 ~.o 
56,042 145,2 2171/2 -52,0 o.o 145,2 214f:/2 -56.6 C,0 
84,0~3 146,7 2162/2 .39.9 o.o l4t.,7 21 :'!9/2 -47,3 o.o 

115,062 144,5 2164/2 -42,6 o,o 145,2 21:!P/2 -46,0 n.o 
140,062 146,0 2165/2 -44,0 0,0 146,7 2unn -48,7 o.o 
167,000 146,0 2164/,? -42,6 o.o 149,7 2140/2 -48.7 0 .o 
196,000 144.S 2163/2 -41.3 o.o 146,1) 2\4(1/'; .4A,7 !) .o 
224.000 142,2 2157/2 -33.2 o.o 140.1 21:!9/2 -47.3 ('. 0 
252,000 145,2 2152/2 -26,6 o.o 146.o 2] '.l<l/2 -47,3 (' .o 
280,000 145.2 2142/2 -13,2 o.o 14~ • () 21 :~/'2 •43.4 n.o 
308.000 146,7 OIO o,o o.o 147,!5 213412 -4o,7 ('. 0 
336.000 145.2 0/0 o.o o.o 146,n 21:'Yi .3q,4 ('. 0 

•364.000 145.2 0/1) 0 oil o.o 146 .o 21,: 0/2 -35,4 (! .o 
364.000 145,2 0/0 0,0 o.o 146,() 21::on -35,4 0 • 0 
365.ooo 145,2 01n 0,0 (). 0 141',. O 21:0/2 .. 35,4 C,0 
366.0'!'0 145,2 0/0 o.o 0,0 146 ,(I 21:()/i -35,4 () .o 
367.000 145,2 0/0 o.o o.o 146,0 2130/2 -35.4 c.o 
368,000 145,2 0/0 o.o o.o l4i-. o 21::on -35,4 c.o 
369,000 145,2 0/0 0,0 o.o l4ie. • O 21.:.:on -35,4 o.o 
370,000 145.2 010 o,o o.o 146.0 2nqn •34,1 o,o 
371.0110 145,2 0/0 o.o o.o 146, I) 21:::@12 -32.8 o.o 
378.000 145,2 Olii O•O o,o 14,,.0 2129/2 -J.4, l O•O 
·3es.ooo 144,5 0/0 0. i> o.o 144.5 212712 •31, 5 C•O 
392,000 145.2 0/0 o.o o.o 145,2 21;::~n •2A,8 (l, 0 
420.000 145,2 0/0 o.6 o,o 145 ·" n10 o.o ~ .o 
448,000 143,0 0/0 0. () o,o 141,5 (1/0 o.o o.o 

* CREEP STRAIII = TOTAL STRAIN • ELASTIC STRAII\/ • AVERAGE SHRTlll<~C:E STRAIN I'll T lt.1E 



412 

STRAIN ANO TE~PERATLRE DATA AFTER LnA~lt-.G 

IIXlAt STAFSS 
AADIJ\L STRESS 
TEST TF~PERATURE 

2400 PSI 
2400 PSI 

150 F 

SPECI~h G-9 

AXIAL ELASTIC STi:AI" 
AADIAl EL IISTIC STPATt-. 
TFST MOISTURE 

AXIAL GAGE AADTAt GAGE 

AF.Ar /rTV 
(F~F:GI 

TIME 
IDA~S I 

0.000 
0.000 

.12~ 

.2~0 

.500 
1.000 
2.000 
3.ooo 
4.000 
5.375 
6.042 
1.000 

14.054 
21.046 
28.004 
55.983 
84.004 

115.004 
140.042 
167.ooo 
196.000 
2240000 
252.000 
280.000 
Joa.0110 
336.000 

-364.000 
364.000 
364.125 
364.250 
364.500 
365.voo 
366.000 
367.ooo 
368.ooo 
369.000 
370.000 
371.000 
310.onc 
385.000 
392.ouc 
420.000 
448.0llO 

TE~P 
(Fl 

151.2 
l':;i .2 
151.2 
1s1.2 
151.2 
152.7 
1s2.o 
152.7 
1s2.o 
1s1.2 
1s1.2 
152.0 
1s1.2 
150.5 
1so.s 
146.7 
149.7 
149.7 
149.0 
149.7 
148.2 
148 0 ? 
148.2 
148.2 
1so.s 
149.7 
149.7 
149.7 
149.7 
149.7 
149.7 
149.7 
l4B.2 
148.2 
148.2 
14CJ.o 
149.0 
149.o 
149.0 
l4B.2 
148.2 
149.0 
146.0 

READ/DTV 
(FREQ) 

2nCJ012 
3890/4 
3849/4 
3857/4 
3A6l/4 
3848/4 
3835/4 
3815/4 
3AOl/4 
3790/4 
3784/4 
3778/4 
3752/4 
3708/4 
31',79/4 
3642/4 
3590/4 
3557/4 
3556/4 
1541/4 
3526/4 
3S09/4 
3S02/4 
3491/4 
3481/4 
3469/4 
3462/4 
3Al5/4 
3AS0/4 
3854/4 
3P55/4 
3863/4 
3A71/4 
3875/4 
3M0/4 
3882/4 
3884/4 
3887/4 
3900/4 
3910/4 
3914/4 
3938/4 
3965/4 

TOT STRAIN CREEP* 
(MIC•UNITSI IMlC-Lt-.ITSl 

0,0 
l Al o4 
200.0 
201.2 
198,8 
206,6 
214.3 
226,2 
23404 
240,9 
244.4 
247.9 
263.1 
288,5 
305,l 
3?.6o} 
355,3 
373.6 
374,1 
382,4 
390,6 
399,8 
403o7 
409,6 
415,0 
421.5 
425•2 
226•2 
205.4 
203•0 
20? .4 
197.6 
192.8 
190,4 
187 0 4 
186.2 
lfl5 • O 
1A3.2 
17~.3 
H,9.3 
166.9 
152.3 
135. 7 

o.o 
.o 

25.9 
21.1 
18. 1 
2(:. 3 
38.9 
51,2 
61.o 
68.6 
72. 7 
so.CJ 

100,5 
127. 0 
146,3 
18 0 • 3 
207,3 
226.2 
22s.1 
233.3 
241,9 
251,0 
251. 3 
25e.5 
263.9 
271.0 
272.8 

73, 7 
52,9 
so.s 
50,0 
4.5. 2 
40.4 
38.0 
35.o 
33,8 
32.6 
30,8 
22.9 
1 (:•A 
1s.n 
-.2 

-is. s 

TFMP 
<Fl 

152,n 
152,0 
152,0 
15?. O 
1s1.2 
15 o ,c; 
1 s 1. 2 
151 • 2 
15 o ,5 
lSo.5 
15ii • "I 
150.c; 
150.c:; 
l4Q, 0 
148,2 
146.7 
l4Q,7 
147 .c; 
147 .c; 
147 ,c; 
146,7 
146.7 
146,7 
146.7 
l4R.2 
147,c:; 
147 .i; 
147.'5 
147,S 
147.'5 
147.i:; 
147.5 
147.c:; 
147, c: 
147 .c: 
147,5 
147.5 

147 ·"' 147 .c; 

146.0 
146,n 
146.0 
14 3, P 

3PllCl/4 
347()/4 
34iQ/4 
34;;314 
33P3/4 
334 g /4 
33~!!/" 
33;.,1" 
32P7/4 
3?'74 /4 
3?f'5/4 
32C:3/4 
32r: 1 /4 
3i?in/4 
317P/4 
31:? l /4 
31'"!!/4 
3021:/4 
3or114 
3111'5/4 
2Q,.Cl/4 
2Qi.f14 
2Q::J/4 
2PC:,/4 
28,.<,/4 
2A44/4 
?R~l/4 
33!'7/4 
34'.,=C:/4 
344n/4 
344 4 /4 
34C:2/4 
34f C:/4 
3470/4 
3475/4 
34111'/4 
303/4 
34P7/4 
3c;;4/4 
3C:i7/4 
3,:;;714 
3c;c: i' / lo 
35C:1/4 

]81,4 MICRO•UNI1S 
?38,7 MJCR0•UNI15 

AS CAST 

TOT STRAI~ C~EEP* 
(MIC-UNITS) (~IC-LNlTSl 

o.o 
239.0 
266.2 
274.7 
285,2 
302.9 
313,8 
327.6 
334,8 
341,4 
346.o 
352,0 
353.0 
373.6 
389,4 
412,4 
447.4 
463.0 
471,4 
47?.3 
48Q.O 
499.5 
510.9 
524.4 
534,2 
545.3 
.555 .4 
283.1 
257,7 
2ss.o 
252.9 
24806 
241,7 
239,0 
236.3 
233.6 
232.n 
229.8 
220.6 
213.S 
213.s 
194.3 
172 ,8 

r.o 
.2 

2e .4 
,:?f .s 
47,1 
61: .6 .e,. o 
<;,!:'. 2 

104 • 2 
112,3 
11e.2 
127 .s 
132 .1 
15,!:. 7 
1 7c: .1 
211.1 
245,9 
2':.3,5 
27:?,8 
211.0 
2C.4,3 
307,2 
3 }f,. l 
32'7. 3 
335.8 
34,!:' .9 
352,8 
er.s 
5,5 .1 
,52 .s 
,5 C ,3 
4!: .8 
3!'o8 
.3~ .1 
,3'.? .4 
,'.? r.. 7 
2Po4 
;;,i: .6 
17 .1 

c;. 0 
7,7 

··<;. 9 
.3.~ • 2 

* CREEP STRait-. = TOTAL STRAJN - ELASTIC STRAT~ - AVEPA~E SHPT~~ArE STRAIN Al lIME 
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STRAIN AND TEf,IPERATliAE DATA AFTER LO~r,J11r, 

SPECit-lEII G•lO 

AXIAL STAESS -o PSI AXI1'L ELASTIC STi:: 1'1111 -o.o MICRO•UNllS 
RADIAL STAES<; -o PSI A Al)! Al._ ELASTIC 5TA/1111 -o.o MICRO•UNllS 
TEST TEf,IPERATIJRE 75 F TEST MOISTURE AIR OA'I 

AXIAL GAGE AAOIAI C:Ac:E 

TIME TEr,,P READ/DIV TOT STRAIN CAEEP* TEMP REAr/CTV TOT STRHII Cf.EEP* 
IDA'IS) IF l (FREQ) IMIC•UNITS) (MlC•l..11 ITS> (Fl (Fl:E<ll (MlC•UNil5) (wIC•lNITSl 

0.000 75.5 2094/? o.o o.o 7s.s 2(',:P/2 o.o r.o 
0.000 75.5 2094/2 o.o o.o 7 c;. s 20i:P/2 o.o o.o 

.12s 75.5 2()94/2 0 • ii o.o 1s.c; 2fll'P/i' o.o c.o 

.2so 75.s 2095/2 -1.3 o.o 7s.s 20P Fl/2 o.o o.o 

.soo 75.5 2094/2 o.o o.o 1s.s 2l'll•P/2 o.o c.o 
1.000 76.3 2094/2 o.o o.o 76.3 20PFl/2 o.o r.o 
2.000 74.7 2095/2 -1.3 o.o 74.7 2CF7/2 1.3 c.o 
3 • 0':'0 74.7 21'95/? -1.3 o.o 74.7 20~7/2 1.3 c.o 
4.042 75.5 2098/2 .s.2 o.o 7 '5. r:; 2nn n 1.3 r.o 
s.375 75.5 2095/2 -1.3 o.o 75 • c; 2M 4 /2 r;.2 c.o 
6.042 74.7 2(196/2 -2.6 o.o 74.7 201'4/? c;. 2 O•O 
1.000 75.S 2098/2 -s.2 o.o 7 c;. c; 20lll:/2 3.9 c.o 

14.071 74.7 2100/2 .1.0 o.o 74.7 2rw~12 6.5 o.o 
21.062 75 0 5 21 Ol/2 .9.1 o.o 7 c;. a; 2on12 9.o o.o 
2s.062 74.7 2102/2 -10.4 o.o 76 .3 2riv2 12.9 o. C 
56.042 75 05 2106/2 -15.6 o.o 7s.s 2oir:12 16.8 C • 0 
84.063 74.7 2109/2 -19.5 o.o 74.7 2rii4/2 lRel c.o 

11s.062 74.7 2114/2 -26.l o.o 1-=;.s 2nir::12 16.8 c.o 
140.104 74.7 2114/2 -26.1 o.o 74.7 2ni'.l/2 19.3 c.o 
169.000 74.7 2117/2 -Jo.ii o.o 74.7 2fl7S/2 16.8 c.o 
196.000 74.7 2118/2 -31.3 o.o 74.7 2014/2 lR.1 c.o 
22s.ooo 75.S 2116/2 -28.7 o.o 7 8 • '5 201212 20.6 c.o 
252.000 75.5 2118/2 -31.3 o.o 77.7 2(173/2 19.3 r,. 0 
200.000 75.5 2119/2 •32.7 o.o 75.c; 2/\'74/2 1e.1 r,. 0 
300.000 77 • fl 2117 /2 .. 30.0 o.o 77 •" 2n1112 21.9 o.o 
336.000 75.5 2118/2 -31.3 o.o 76.:3 2072/2 20 .6 ~. 0 

-364.000 74.7 2119/2 -32.7 o.o 1c;.s 2072/2 2(1.6 0 • 0 
364.ouo 74. 7 2119/2 •32•7 o.o 75.'3 2n7?/2 20.6 C • 0 
3650000 74.7 2119/2 -32.7 o.o 7~.c; 20iU2 2-0.6 o.o 
366.000 74.7 2118/2 -31.3 o.o 11',. 3 2oi?/2 20.6 c.o 
367.ooo 74.7 2119/2 -32.1 o.o 76.~ 2oii?n 20.6 0 • 0 
368.ooo 74.7 2118/2 •31.3 0. () H,.3 207v2 20.6 C•O 
369.00IJ 74. 7 2119/2 •32.7 o.o 76.3 20"12/2 20.6 ('. 0 
370.000 74.7 2118/2 •31.3 o.o 1-.. 3 20.;1 /2 21. 9 c.o 
371. 000 74.0 2118/2 •3lo3 o.o 7<;.c; 20'7?/2 20.6 C • 0 
370.000 74.7 2118/2 -31.3 o.o 76.:3 2071/ii' 21.9 C • 0 
3flS.ooo 75.5 2117/2 -30.0 o.o 7 c;. c; 2(1'7 l/2 21.9 c.o 
3920000 74.o 2119/2 •32.7 o.o 74.0 20'7;:>/2 20.6 c.o 
420.000 74.7 2118/2 -31.3 o.o 7'i.S 20.; 1 /2 21. 9 c.o 
448.000 7S.S 2118/2 -31.3 o.o 74.7 2071/2 21.9 o.o 

* CREEP STRAII\ = TOTAL 5TRAIN - ELASTIC STRAIN - AVERAGE SHPJIIKAC,E STRAIN AT TIME 
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STRAIN AND TF]1PERATI.AE DATA AFTER LO~r, II\E 

SPECll'EN r,-18 

IIXIAL STRFSS -o PSI AXIAL ELASTIC STr:AH -o.o MICRO•UNIH 
AAD IAL STRESS -o PSI AADlAL ELASTIC S'T !:A II\ -o.o MICRO•UNilS 
TEST TF.l'PEFiATURE 75 F TEST MOISTURE AS CAST 

AXIAL GAGE RA I'll At C.AEE 

TIME TEl'P RE/.10/DTV TOT STRAIN CREF.P* TFMP AEArtrI\I TOT STRAll\ CREEP* 
<DAYS) CF) (FREQ) (MIC•LINITSl (MIC•I.I\ITSI (Fl (Fl:EC> (MIC•UNITSl (t,iIC'"'I.N!TSl 

0.000 75.5 2218/2 o.o o.o 6c;. 0 21r 112 o.o (1. 0 
0.000 75.S 2218/2 o.o o.o 6 c; • 0 21;;1n o.o O•O 

.12s 75.S 2218/2 o.o o.o 65.7 21rn12 1.3 11 o 0 

.2so 75.S 2;:>l 7 /2 1.4 o.o 6c;.7 2lrn/2 1.3 c.o 

.soo 75.5 2216/2 2.7 o.o 6<;. 7 2lrn/i' 1.3 c.o 
1.000 76.3 2217/2 1.4 o.o 6 6. 'i 21 r "12 1.3 r,. 0 
2.000 75.S 2217/:, 1.4 o.o 65.7 21r1112 1.3 c.o 
3.ooo 75 05 2218/2 o.o o.o 66 • '5 21rr1? 1.3 ~.o 
4.042 75.5 2218/2 fj. 0 o.o 6'5.7 21r112 o.o c.o 
5.375 76.3 2216/2 2.7 o.o 6'i • 7 2lrU2 l.3 11 • 0 
6,042 75.S 2217 /? 1,4 o.o 65.7 21 r1112 1,3 C. 0 
1.000 75.5 2218/2 o.o o.o 65.7 21rn/2 1.3 c.o 

140071 74.7 2220/2 -2.e o.o 6c;.7 21r1n o.o r. o 
21.062 75.5 2220/2 -2.e o.o 6c;. 7 ;:,1;.112 O•O r•O 
28.062 76.3 2220/2 -2 0 1! o.o 6'io7 21;.<'12 1.3 c.o 
56.042 1s.s 2220/2 .2.e o.o 65.7 21rrn 1.3 c.o 
84.063 74.7 2220/2 -2.a o.o 64.2 211'1/2 o.o c.o 

115.ot:11 74.7 2222/2 .s.s o.o 6c;.o 21 ;.212 -1.3 O•O 
140. 062 75.5 2222/? -s.5 o.o 6c:; • 7 21.:1112 1.3 c.o 
169.000 74,0 2223/2 .6.9 o.o 64.? 2Irn/2 1 • 3 o.o 
196.000 75.S 2221/2 -4.1 o.o 7c:;.c; 21r1112 1. 3 c.o 
225.ooo 76.3 2219/2 -1.4 o.o 61;.c; 2ilc;6/2 I',. 5 c.o 
252.000 7S.S 2219/2 -1.4 o.o 6c:;. 7 2(1c;~/2 fl. s ". 0 
2AOoOOO 75.5 2220/2 -2.a o.o 6c;.7 2rtc;6/2 I',. 5 ". 0 
308.000 77.7 2217 /2 1.4 o.o 68,o 20C:?/? 11. 7 c.o 
336.000 76.3 2217/2 1.4 o.o 67.2 20C:?/2 11. 7 c.o 

-364.000 7S.5 2217/2 1.4 o.o 6<;. 7 20c:1/2 13 .o c.o 
364.0011 75.s 2217 /2 1.4 o.o 6'5.7 2iie1n 13.0 c.o 
365.000 7S.5 2217/2 1.4 o.o 6<;. 7 20C: l /2 )3.0 c.o 
366.000 76.3 2216/2 2.1 o.o 65.7 20C:(l/2 14,3 ~.o 
367 0 000 75,5 2217 /2 1.4 o.o 65.7 2flC \/i? 13.0 c.o 
368.000 75.s 2217/2 1,4 o.o ~"i.7 20c: 112 13. 0 c.o 
369•000 75,5 2217 /2 1.4 o.o 6o:;. 7 20CJ/2 13·0 O•O 
370•000 7fi.3 2216/2 2o7 o.o 6c;.7 211c;on l4o3 r•O 
371.000 75.5 2216/2 2.7 o.o 65.7 2'leO/i? 14.3 c.o 
378,ooo 75 0 5 2216/2 2.1 o.o 65.7 2oe 0/2 14.3 ". 0 385.ooo 76.3 2215/2 4.l o.o 61\.c; 211r:P1? lfi.9 o.o 
392.000 74.o 2216n 2.1 o.o 64.2 2oe 111?. 14.3 c.o 
420.000 75.5 2215/2 4 .1 o.o 6c; • 7 2r,r:P1i? 16 • 9 n.o 
448.000 74,7 2215/2 4 .1 o.o 6'5.7 2iif:P/2 16.9 c.o 

* CREEP SlRll II\ = TOTAL <;TRAIN • ELASTIC STRllIN - AVERAGE c;HRTl\l<A·H STRAIN H T l'-'E 



TIME 
(DAYSI 

OoOOO 
OoOOO 

0125 
02so 
.soc 

loOOO 
20000 
30000 
4,000 
50333 
6,000 
6.95@ 

l4oo5e 
210046 
?80046 
56.025 
84.025 

115.054 
140,096 
169,000 
1960000 
225.ooo 
252,000 
200.000 
308,000 
336,000 

-364,000 
3640000 
3640125 
364,250 
364.SOO 
365.ooo 
366,000 
367,000 
368,000 
369.ooo 
370,000 
371.000 
378.ooo 
3R5,0UO 
392,000 
420,000 
400.000 

415 

STRAIN AND TFtJPEfiATLAE DATA AFTER LnAtI~~ 

SPECltJEN G-19 

AXIAL STRESS 
F<ADIAL STRESS 
TEST TEtJPEF<ATURE 

2400 PSI 
2400 PSI 

150 F 

AXIAL ELA~TtC ST~AI~ 
FlADIAL ELASTIC STAAT~ 
TEST M01STUAE 

AXIAL GAGE 

TEtJP 
(FI 

151,2 
151.2 
1s1.2 
1s1.2 
1s1.2 
151.2 
l'ilo2 
1s1.2 
150.5 
151.2 
1s1.2 
151,2 
1so.s 
149.o 
149.7 
145.2 
149,7 
149.o 
147.s 
147 0 5 
147 0 5 
144.S 
147,S 
147.5 
148.2 
146.7 
146.7 
146.7 
146,7 
146.7 
146.7 
146.7 
146.0 
146.0 
146.7 
146.7 
146.0 
146.0 
146,0 
146.0 
146,0 
146.o 
145,2 

FlEAD/DIV 
(FREQ) 

3835/4 
3c;00/4 
3440/4 
3413/4 
3390/4 
3365/4 
3346/4 
3324/4 
3319/4 
3306/4 
3300/4 
3?96/4 
3263/4 
3?32/4 
3?10/4 
3190/4 
3145/4 
3119/4 
3118/4 
3103/4 
3ii93/4 
3rR2/4 
3n75/4 
3067/4 
3ii60/4 
31154/4 
3ii50/4 
3425/4 
3441/4 
3442/4 
3442/4 
3450/4 
34S0/4 
3450/4 
3450/4 
3470/4 
3470/4 
3474/4 
3484/4 
3495/4 
3495/4 
3':i20/4 
3552/4 

TOT STRAIN CREEP* 
(MIC-UNITS) (MlC•L~IT~I 

o.o 
190,4 
222.1 
237,0 
249,2 
262,3 
272,l 
283,5 
286,l 
29?.8 
295,8 
297,9 
314,7 
330,3 
341,2 
351,2 
373.3 
385,9 
386,4 
393,6 
39A,4 
4o3,7 
4o7,o 
41 IJ • 8 
4 l 4 .1 
417,o 
4J8,9 
230,7 
222.2 
221.6 
221,6 
217,4 
217.4 
217.4 
21704 
206,6 
2nE,.6 
204,5 
199ol 
193,l 
193, l 
179,6 
16i:', 0 

o.o 
.0 

34,0 
4€,3 
59.9 
74,8 
89o2 

101,8 
107,7 
116 .5 
120,8 
125.9 
152.6 
173 ,l'I 
1ee.o 
214.2 
244.7 
256 0 5 
259.~ 
26€,9 
276.3 
2eo.s 
20601 
28606 
290,5 
293.8 
295.o 
106.e 
c;e.3 
97,8 
97.a 
93,2 
93.o 
93.o 
9300 
1l2 .3 
82.3 
eo.6 
75.4 
6900 
68.2 
53.9 
40.2 

TF:MP 
(F) 

151,2 
11_: 1.2 
151.2 
151.?. 
151.2 
15,. 1 
15? • o 
15,. n 
15?.7 
15?.n 
15?,n 
15?.0 
15?,0 
1s,.2 
l 51 • 2 
145. 2 
149,7 
15 n .c; 
149,0 
14<l,I) 
l4CI • n 
146,o 
l4CI, O 
14<l,0 
15 o • '5 
149 • O 
15 ii .s 
15 ii .r; 
150.s 
lSn, c; 
15 o .c; 
15 ii .r; 
15 O .r; 
15 ii. c; 
149 • r, 
148,2 
l4<l,O 
14<l,O 
149. n 
149,0 
l4C1,0 
149,0 
146,0 

REAr,r:rv 
(HF.GI 

37c;f'/4 
33'.'lc;/4 
3;;,~7/4 
3?:?l'-/4 
3?~n/4 
31 "6/4 
3117/4 
3;;F,:/4 
30i:4/4 
31\C:('/4 
3(''.!6/4 
30?;?/4 
:-:in 1 n /4 
29"<l/4 
29;c;/4 
2FIF1/4 
21c; 7 /4 
2Hl/4 
27/Jn/4 
27/J ()/4 
21r414 
2M1/4 
2M-7 /4 
?,-)q/4 
2f>'.!4/4 
26;?/4 
2~;FI,,. 
3H4/4 
31 C?./4 
31 c;f'/4 
31eFl/4 
32re/4 
3?1f!/4 
32e4/4 
32~9/4 
3?'.!3/4 
3?:?6/4 
3?'.!9/4 
3?.f' (1/4 
3?.,~/4 
3;;,pc;//i 
33?1'/4 
33~9/4 

189,7 MJCRO-UNllS 
?53,4 MICRO•UNllS 

A IA OF<Y 

TOT STRAI~ C~EEP* 
(MIC-UNITS) (MIC~LNITS) 

o.o 
254,8 
294,6 
3 oc:; .2 
323,1 
344,8 
363,8 
3Bo,6 
389,2 
395,8 
402,4 
409,0 
414,6 
li31l,2 
453, 7 
473,5 
510.4 
526,0 
534,9 
534,9 
550.1 
555,5 
565,S 
573. 7 
,57<l .1 
583,9 
589,6 
340,9 
327,1 
325,1 
324.l 
319.2 
314,2 
311,2 
30A,7 
306,7 
305.2 
303,7 
293 .1 
285,5 
280,4 
259.4 
237 .1 

o,o 
1 ,4 

4},3 
,':2 .1 
,~c; .e 
92.2 

114 .6 
131.1 
142.0 
14,c; ,5 
1,5~ • 7 
1,65 • 3 
lH ,2 
201,5 
21 F • 2 
c!:n,4 
297,4 
309,l 
320,6 
32'.! .s 
342,0 
34,9 .4 
364•1 
37'.! .s 
377,5 
38:: .a 
3c; C ,S 
141 .s 
12F • 0 
l?,1' • 0 
12" • 0 
119 .a 
114,9 
111,9 
l ()9 .4 
1C7,2 
l C'·!" ,9 
l 0!' • 0 

9,5 • 4 
F7,2 
Fi?,7 
0,7 
44•4 

* CREEP STA~!~= TOTAL STRATN - ELASTIC STRAIN - AVEAAGE SHAT~K~~E STRAIN AT TIME 
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STRAIN AND TE't,IPERATLAE OATA AFTER LO~rll\C, 

SPEClt'EI\ G-::>1 

AX lAl. STAESS -o PSI AXIAL ELASTIC STi::A II\ -o.o MICRO-UNIT~ 
f<ADI/IL STRESS -o PSI AADIAL ELASTIC STAilTI\ -o.o MICfiO-UNll':: 
TEST TF'I\IPEPATURE 150 F TEST MOISTURE AIR DRY 

AXIAL GAGE RAO I Aj C:Ar,f 

TIME TEI\IP PEAO/DTV TOT STRAIN CREEP* TFMP REAr1rt11 TOT STRAII\ CHF.P* 
<DAYS) (Fl (FREQ) PHC-UNIT5l (MIC-UI\ ITS> (I'") (FI.FQl (MIC-UNITS) (tJIC-LNtTSl 

0•000 140o0 3746/4 o.o o.o 149.7 20t'C./2 o.o C'•O 
0.000 140.0 3746/4 o.o o.o 149.1 20 .. c.n o.o c.o 

.125 140.0 3749/4 -1.7 o.o 149. 7 211.c<;/2 o.o c.o 

.2so 140.0 3750/4 -2.-3 o.o 149.7 2!'7!1/2 -1.3 ~.o 
0500 140•0 3749/4 -1. 7 o.o 149.7 2n~<l/2 O•O 0 • 0 

1.000 141.S 3749/4 -l.7 o.o 1 SO. c; 20-inn -1.3 o.o 
2.000 140.0 3757/4 -6.4 o.o 149. n 2A1112 -2.6 o.o 
3.ooo 141.S 3757/4 -6.4 o.o 149.7 2rhn -2.6 o.o 
4.042 14(1. 7 3762/4 -9.3 o.o 149.7 2111?/2 -3.9 o.o 
5.37S 140.7 3770/4 -14.0 o.o 149.7 20.;4/? -6.4 c.o 
6.042 140.7 3772/4 -15.1 o.o 149.7 20'?4/2 -6.4 o.o 
1.000 140.7 3774/4 -16,3 o.o 149.0 21''?4/i' -6.4 c.o 

14.071 140.0 3793/4 -21.s o.o 14R 02 2n1P.n -11.6 o.o 
21.062 140.0 3A03/4 .33.3 o.o l4A.2 2ili=on •14.l C•O 
20.062 139 .2 3R07/4 •35.7 o.o 14R 0 2 2ni=o12 -14 .1 ('. 0 
56,0~2 134.7 3A60/4 -67.2 0,0 144.i; 2nr; 4 /2 •32.3 o,o 
A4,063 138.S 3AS0/4 •6lo2 o.o 147.S 20"~12 -1e.o ('. 0 

115.083 D7.7 3R55/4 -64,2 o.o 146.7 2onn •16.7 o.o 
140.071 136.2 3R63/4 -69,o o.o 146.0 2nP 1 /2 -15.4 r.o 
169.000 136,2 3R66/4 -70.A o.o 146. O 201'0/2 -14.l c.o 
196.000 137.7 3A69/4 -72,6 o.o 146.7 2r,1qn -12.9 o,o 
225.000 134.C 3%9/4 -72,6 o.o 14'3.o 2077/2 •l0.3 c.o 
252.000 137.7 3870/4 -73.2 0,0 147, c; 2015/2 -7.7 o.o 
2RO.OOO 137,0 3R69/4 -12,6 o.o 146.o 2073/2 -s.1 o,o 
308,000 137.7 3A68/4 -72,0 o.o 141',,Q 2f'"72/? -3.9 O•O 
336,000 135.5 3R69/4 -12.6 o.o 144 • c; 20;; 1/2 -2.6 o.o 

-364.000 136.2 3865/4 -10.2 o.o 145. 2 2r.1on -1.3 (' .o 
364.000 136.2 3865/4 -10.2 o.o 145.2 21'.;l)/2 -1.3 c.o 
365.ooo 136.2 3R65/4 -10.2 o.o l4c;.2 201012 -1,3 r.o 
366.000 135.s 3A64/4 -69.6 o.o 144.t; 2oiq12 0,0 r,. 0 
367.000 13S,S 31'164/4 -69.6 o.o 14c; .2 20,:q12 o.o c.o 
368.000 135.S 3P64/4 -69.6 o.o 145.2 2o~V2 o.o o.o 
369,000 135,S 3M4/4 -69.6 o.o l4c;.2 20.,.c;n o.o C•O 
370.000 136,2 3R64/4 -6906 o.o 14c:;.2 20,,.c;n o.o c.o 
311.000 135.S 3P66/4 -10.e o.o 145.?. 2rit&c;n o.o r.o 
378.000 136.2 3865/4 -10.2 o.o 14'5. 2 20,r;qn o.o O•O 
385.000 135,S 3A63/4 -69,o o.o 144.5 20~ 7 /? 2. ti r,. 0 

392.000 135.5 3A60/4 -67.2 o.o 144.r:; 20,,~n 3.8 c.o 
420.000 135,S 3A6l/4 -67.8 0,0 145,2 2r,r;t:n 3.8 r.o 
448.000 134.0 3872/4 •74.4 o.o 14?. .2 20'?1/2 -2.6 c.o 

* CREEP STRAit- " TOTAL STHAtN - ELASTIC STRAIN - AVERAGE SHRT!\l<Al:E STRAIN AT TitJE 



TIME 
(DAYS) 

OoOOO 
OoOOO 

o 12':! 
02!:lo 
.soo 

loOOo 
20000 
30000 
40000 
5.333 
60000 
70000 

140071 
210062 
2eoo62 
56o0~2 
84o063 

115.011 
1400125 
1690000 
1960000 
2250000 
2520000 
2Mo000 
30Boouo 
3360000 

-3640000 
364.000 
364012':' 
3640250 
3640500 
365.ooo 
366.000 
367.ooo 
3680000 
3690000 
370ooi>o 
371.000 
378 0000 
3850000 
3920000 
420.000 
448.ooo 

/lXIAL. STAFSS 
RADIAL STRESS 
TEST TE~PERATURE 

417 

STRAIN AND TE~PERAT~RE DATA AFTER Ln~r,~G 

SPECI~EII: G-30 

600 PSI 
3600 PSI 

75 F 

AXIAL ELASTIC ST~lll~ 
RADIAL ELASTIC STAAT~ 
TEST MOISTURE 

AXIAL GAGE RADIAL f,11,GE 

•?3906 MICAO•UNll! 
s22.o MICRO-UNIT! 

AIR DR'f 

TEll'P READ/DIV TOT STRAIN CREEP* TEMP REAr1ClV TOT STRAI~ CRFEP• 
(F) 

11.0 
11.0 
77.7 
11.1 
77.7 
76.3 
76.3 
75.S 
74. 7 
74.7 
74.7 
76.J 
75.5 
76.3 
75.5 
76.3 
75.S 
74.0 
75.5 
75.S 
75.5 
11.0 
75.5 
75.S 
11.0 
77.0 
75.s 
75.5 
1c;.5 
75.S 
1s.5 
75.5 
75.5 
75.S 
76.3 
7603 
76.3 
75.5 
75.5 
74.7 
74.7 
74.7 
75.5 

(FREQ) (MIC-UNITS) (MIC·~~IT51 

3R40/4 
2112/2 
2123/2 
2128/? 
2130/2 
21371'?,, 
2140/2 
2142/;, 
2146/2 
2146/2 
2146/2 
2)47/2 
2156/2 
2)63/2 
2168/;, 
2180/2 
2185/:? 
2197/2 
2202/2 
2206/2 
2215/2 
2224/2 
2224/2 
2231/2 
2231/2 
2:i.132/2 
2237/2 
2n1112 
2n12n 
2071/2 
2070/2 
2068/2 
26661? 
2065/2 
206512 
2~64/2 
2663/;:, 
21163/2 
2ii60/2 
2~57/2 
2059/2 
2n5512 
2655/2 

o.o 
-24000 
-25404 
•26lo0 
-26307 
-27209 
-27609 
-279.5 
-28409 
-28409 
-28409 
-28602 
-29fl.2 
-Jo7o6 
•3}4o3 
-33005 
•337.2 
-353.5 
•360o3 
-36508 
-378ol 
-39005 
•39005 
-400.2 
•40002 
-4ol o6 
-40805 
•19405 
-188ol 
-18608 
-1A5o5 
-unoo 
-lflO .4 
-1790\ 
-17901 
-171 oB 
-17606 
-17606 
-1720 7 
-16809 
-11105 
-16604 
-1M,04 

o.o 
-.3 

•14.fl 
-21.0 
•24.l 
•33.S 
•36.e 
•39.9 
•4-3 .s 
•43.2 
•41.8 
•42.J 
•52.6 
·59.4 
•65.3 
•76 0 1 
-79.1 
•9o.o 
•94.3 
•97.2 

-101.1 
-ue o 1 
-11e.e 
•126.9 
•126.11 
•127.4 
•133.8 

eo.1 
Sf.6 
87.9 
(lCj .1 
91.6 
94 .1 
9,5 .4 
95.7 
97.3 
9@.4 
9@.6 

102.1 
106.2 
104 .2 
1 oc; .6 
110.6 

IF) 

77.n 
77.0 
77.7 
11.1 
77.7 
76. '.3 
71',.3 
76.3 
74.7 
7c; .s 
7c;.s 
7F..3 
7c;.s 
7',.3 
76.3 
76.3 
76.3 
1s.s 
77.n 
71',.3 
7,:. .3 
11.0 
76.3 
77.o 
77o7 
11.n 
76.3 
76.3 
76.3 
71,.3 
76.3 
7,:.. 3 
76.3 
76.3 
7-r.n 
77.o 
76.3 
7S•S 
7s.s 
74.7 
74.7 
74.7 
77.n 

CFHGl (MIC•UNITSI l~IC•LNITSl 

3q;.e,11 
2<l~C:/4 
21, 0/6 
2FiC:0/4 
26ro1" 
24C:3/4 
23C:3/6 
23rS/4 
2?:?1/4 
21411/1! 
2lr9t4 
2n"o/4 
3'5'7 OIi! 
31 C:1',/@ 

2832/F.! 
21r1,e 

0/0 
0/0 

20rn/f! 
0/0 
0/0 
0/0 
11/0 

0/0 
010 
0/0 
n,o 

37c;c:1P 
39;c;,e 
3Q'26/f! 
JQCJ/8 
39Ci4/P· 
40,?/f! 
4r.CE/P 
401'2/P 
20"'0/4 
2nr:7/4 
20,-3/4 
2nC7 /4 
21,c;,4 
214'5/4 
21 c; (l/4 

?.?;314 

o.o 
52r;.1 
614.4 
639.4 
659.7 
70lo9 
739 0 8 
77109 
797.9 
e2eo7 
e38o9 
85407 
93607 
990.6 

102802 
1097.6 

OoO 
o.o 

ll06ol 
OoO 
o.o 
n.o 
o.o 
OoO 
n.o 
OoO 
OoO 

904.6 
98706 
ee30B 
eao.9 
974.5 
868.6 
86409 
e6 0 .e 
85709 
955.1 
853.8 
842 0 8 
83S 0 6 
827.0 
ell .9 
eoo.6 

C•O 
C:? .1 

Cj-;: .6 
ll7o4 
1:37 .2 
nc;.1 
21.1: .e 
2"E' .4 
27-; .6 
30:?.3 
31.3 o 0 
32,e.s 
40P .1 
45,c; • 0 
4~~.s 
S!:e .s 

r.. 0 
o.o 

5!:,!: .9 
c.o 
n.o 
(!. 0 
o.o 
('. 0 
I'. 0 
() .o 
r.o 

3E4 • 9 
3'4 7 .9 
344ol 
341 o2 
334.8 
32e.c; 
3;14 .9 
3,:J.3 
J1e•6 
31.6.2 
3}4.5 
Jo::.3 
2c;.s .4 
2@'7 • 0 
27 l .4 
2~J.3 

* CREEP STRAI~ : TOTAL STRAIN• ELASTIC STRj1IN .. AVERllGE SHAT~KA~E 5TRAIN Ill Tl~E 
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STRAIN AND TEMPERA Tl IRE DATA AFTfR LOADING 

SPECIMFN G .. 35 

AXIAL STRFSS 600 PSI AXIAL ELASTIC STRAIN •25406 MICRO•UNJTS 
RADIAL STRESS 3600 PSI RADIAL ELASTIC STRAIN 52404 MICRO•LJNITS 
TEST TFMPFRATURE 75 F TEST MOISTURE AS CAST 

AXIAL <;AGE RAMAL GAGE 

TIME TEMP READ/OIV TOT STRAJN CRFEP* Tt:MP REArl/DIV TOT STRAIN CREEP* 
(DAYS) (F) (FRE~) (MIC•UNITSl (MIC•IINITSl (Fl IFRF,Q) (MIC-UNITS) (MIC•UNJTS) 

OoOOO 77o0 2?18/2 OoO noO 11.n 2173/2 o.o OoO 
OoOOO 11.0 2'.'196/2 -25406 .. o 0 7700 34A0/4 525,2 o9 

0125 77o0 2413/2 -21909 -2so3 77oO 3?90/4 62409 100.2 
02so 1100 2416/2 -28404 -2908 7700 324f>/4 64702 12207 
0500 77.0 2419/2 •28Ao9 •34o9 7700 3215/4 66207 13709 

loOOO 7So5 2427/2 •300o9 •47o3 75o5 3142/4 69Ao7 173oA 
2,000 76,3 2431)/2 •30505 •S?oO 76o3 30901• 72308 19Ao5 
3,000 75o5 2434/2 •3l]o5 •5Ao0 75,c; 3044/4 74507 21 1h9 
40021 74,7 2437 /2 •31600 •6?06 74.7 3013/4 760o2 234,A 
5.315 74o7 2438/2 •31705 -64,l 74,7 2974/4 77803 25?,9 
60042 74o7 2438/2 -317,5 •6'.'lo5 74o7 2963/4 78304 25806 
70000 75.5 244012 •32006 •6"io8 7Soc; 2946/4 791.2 26602 

140071 75.!:> 2448/2 •33?,o7 -7704 75oc; 2861/4 82904 30403 
21.062 75.5 2452/2 •33808 •A4o2 75o5 27R5/4 862,7 330.0 
28,062 74,0 2456/2 •344,8 .. 9n,o 74,7 2731/4 B8r; 0e 360.s 
560042 75.5 2465/2 •35Ao6 •10406 74.7 2590/4 943,9 418,9 
84.063 75,!> 2470/2 -36602 -11202 1s05 2517/4 972 00 447.4 

115.071 74,7 24 77 /2 •377 o 0 -12;,.5 74 0 0 2434/4 100407 479.9 
140,083 74,7 2481/2 •383ol •l?.Q.3 76o3 2392/4 1020,4 494.9 
169.000 74,7 2483/2 -38602 •132,l 1. 3 2346/4 1037.3 511,4 
196,000 74, -, 2491)/2 •39700 -144,4 1s.5 2291/4 1057.0 530,6 
22s.ooo 76,3 2498/2 •40903 •15Ao5 11.0 2177/4 109605 S6Ao] 
252.000 7f>,3 2498/2 -40903 •16no7 11 00 2161/4 110109 572,0 
280,000 o.o 0/0 OoO t'l O 0 OoO 0/0 o.o I). 0 
308.000 74o7 2501/2 •4l4o0 •16'1,3 77,0 2076/4 1129,8 596, l 
336,000 76,3 2501/2 •4l4o0 •17nol 11.0 2050/4 113'1 o l 602,6 

•364.000 75.5 2"i04/2 •4l'lo7 •175,9 75,5 2010/4 115001 614ol 
3640000 7So5 2349/2 -1Bso5 57o3 75,5 3202/4 66902 13?.o6 
3b4ol25 75.!> 2344/2 -17Bo2 64,6 75oS 3257/4 64107 1oso1 
3640250 75 .!:> 2342/2 -175,3 67.s 75.c; 3265/4 637.6 lOloO 
364,500 75o5 2341/2 -17308 6Ao9 75.c; 3270/4 63s.1 98,5 
365,000 7So5 2340/2 -17204 7n ,3 75o"i 3280/4 630o0 93o2 
3660000 OoO 010 OoO noO o.o 1)/0 0,0 OoO 
3670000 OoO 0/0 o.o noO noo 0/0 o.o noo 
3680000 OoO 0/0 0,0 I). 0 0. t'l 0/0 OoO n.o 
3690000 1sos 2334/2 -16307 1ci.o 75,S 3309/4 61502 78 08 
3700000 75o5 2333/2 -162,2 Bn,2 75.'5 3310/4 61407 11.q 
3710000 75,5 233312 -16202 a~ol 1s 0c; 3314/4 612,6 75.7 
3780000 OoO 0/0 0,0 I). 0 o.n 0/0 OoO o.o 
385.000 74.7 2327 /2 -15306 87.2 74.7 3347/4 59So~ 57,l 
3920000 u,.3 232~/2 •152,l F.IQ. 0 H,o; 3363/4 58703 49o2 
420.000 750!> 2321)/2 -14305 91'.,2 7So"i 3397/4 56905 2ci.e 
4480000 75 ,!:> 2321)/2 ·14305 9"io7 76o3 3405/4 565,3 25,7 

* CREEP STRAP,J : TOTAi .. STRAIN • ELA~TIC STR~IN - AVFPA(':,f SHRTMl<AGE STRAtllJ AT TIME 
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STRAIN ANO TE'1PEf<ATliRE DATA AFTER LO~CJf\l? 

SPECl'1EN H.l 

a XI Al STRESS -o PSI AXIAL ELASTIC STAAJf\ -o.o MICRO•UNIH 
AADIAL STFlfS«; -o PSI RADIAL ELASTIC STRAY!\ ·O•O MICRO•UNil!! 
TEST TEMPERATURE 75 F TEST l.10ISTURE AIR OR'V 

AXIAL GAGE RADIAt. GA{;E 

TIME TEt,,P REAl'J/D'iV TOT STRAJN CREEP* TEMP REAr /ttll TOT STRAlt\ CHEP• 
CDAY<;) IF) (FREQ) <MIC•UNITS> (MIC•l.J"1ITS> (F) CFRE'Q) (MlC•UNITS) <MIC•LNITS) 

0.000 73.2 2084/2 o.o o.o 74.7 21i•u2 o.o o.o 
0.000 73.2 2n04/? 0,0 o.o 74.7 21 i<in 0,0 ". 0 
1,000 74.0 2(i88/2 .s.2 o.o 1s.s 21;6n 3.9 c.o 
2.000 72.5 2ii89 /?. .6.5 o.o 74.o 211712 2.6 c.o 
3.ooo 72.5 2n89/2 .6,5 o.o 74.o 2117/2 2,6 o.o 
4.000 72.5 2090/2 -7,8 o.o 74,0 2111/2 2.6 c.o 
s.ooo 72,5 2091/2 .9,1 o.o 74.o 21 ;en 1.3 c.o 
6,000 73.2 21191/2 .9.1 o.o 74.0 21 ]7/2 2,6 c.o 
7,000 74,0 2i\91/? .9.1 o.o 74.o 2116/;i 3.9 (). 0 

14.000 74.0 2~93/2 -11. 7 o,o 74.7 2114/2 6.6 o. 0 
21.000 74.7 2/\94/2 -13.0 o.o 74.7 2113/;i 7.9 c.o 
28,000 73.2 2r9712 -16,8 o.o 74.n 2H412 6,6 c.o 
56,000 74,0 2101/2 -22.1 0,0 74,0 2li3/2 7,9 C•O 
g4.000 76•3 2103/;:i ·24•7 o.o 74•7 21~3/:, 7,9 o.o 

112.000 76.3 2106/2 -?8,6 o.o 11.n 211::l/2 7,9 c.o 
140.000 76.3 2109/2 -32.5 o.o 74.7 21 i:in 7.9 c.o 
16s.ooo 74.7 2109/2 -32.5 o.o 7ic. .3 2113/2 7,9 c.o 
196.000 74.0 2110/2 -33.8 o.o 1~.s 21is12 5.3 o.o 
224.000 74.0 2109/2 -32,5 o.o 1i:;.s 2113/2 7.9 c.o 
252.000 74.o 2112/2 .36,4 o.o 75.5 21 i 4 /2 6.6 C•O 

• CREEP sTRAII\ • TOTAL STRAIN• ELASTIC STRAIN• AVERAGE SHPTl\l<AGE c;TRAIN AT TIME 



TIME 
<DAYS) 

0•000 
0.000 

.042 

.250 

.500 
1,000 
2.000 
3,000 
4,000 
5.ooo 
6ooiio 
7,000 

14,000 
21,000 
28,000 
56,0VO 
84,000 

112,000 
140,000 
168.000 
196,000 
224,000 
252,000 

420 

STRAIN AND TF~PERATWRE DATA AFTER LOntl~C: 

AXIAL STRESS 
RADIAL STRESS 
TEST TE~PERATURE 

•O PSI 
3600 PSI 

75 F 

AXIAL ELASTIC ST~Al~ 
RADIAL ELASTIC STRAT~ 
TEST MOISTURE 

AXIAL GAGE RADIAL C:IIC:E 

TE~P 
IF I 

73,2 
74,7 
74,7 
74,7 
74,7 
74,0 
74,0 
74,0 
74,0 
74,0 
73,2 
73,2 
74,7 
74,0 
74,7 
75,5 
75,S 
77,0 
77,0 
76,3 
76,3 
76,3 
76,3 

READ/DIV 
(FREQ) 

2140/2 
2384/2 
2417 /2 
2426/?. 
2438/2 
2447/2 
2467/2 
2470/2 
2477 /2 
2481/2 
2484/2 
2487/2 
2Ci0l/2 
2514/2 
2"i23/2 
2556/2 
2Ci73/? 
2"-83/2 
2592/2 
2M0/2 
2M8/2 
2613/2 
2619/2 

TOT STRAIN CREEP* 
(MIC•UNITS) IMIC•WhITSI 

o,o 
•342,2 
•391,3 
•4c4;a 
•422,9 
•436,5 
•467,o 
-471,6 
-482,3 
•488,5 
-493,1 
•497,7 
-519,4 
•539,6 
•553,6 
•605,6 
-63?,6 
•648,6 
•663,0 
•675,9 
•688,8 
•696,9 
-7o6,7 

0,0 
-2.1 

-s 1,2 
-64,3 
•82,9 
-96,6 

•126,S 
•131,5 
•140,S 
•146,4 
·149,6 
•lS3,2 
•173,3 
•191,0 
•204,2 
•250,8 
-274,o 
•284,6 
•29€,6 
•306,9 
•317,3 
·324,7 
•334,5 

TEMP 
IF) 

73,2 
74,7 
74,7 
74,7 
74,7 
74.7 
7 4," 
74,7 
74, O• 
74,0 
74,7 
74,7 
75,S 
74,7 
7s.s 
7F, ,3 
7F, ,3 
7A,S 
7A,S 
17,1 
77,0 
77,0 
11, O 

REAC/CTV 
(F'REC I 

21;,912 
3n114 
29~7/4 
2AP8/4 
27<;J/4 
21"<;6/4 
2c;io1t, 
24~6/4 
234'.:/4 
2?74/4 
22;:C./4 
2172/4 
3111/!' 
33<;Q/!' 
3 ~l"l /!' 
21co1e 

0/0 
0/0 
0/0 
f)/0 
0/0 
0/0 
0/0 

•340,l MICRO•UNll~ 
571,7 MICRO-UNIT~ 

AHi DRY 

TOT STRAl~ CREEP• 
IMIC•UNllS) (MlC•LNITS) 

O•O 
574,B 
696,6 
732,5 
77c;, 1 
e1s.s 
!!9o,6 
92?, 7 
952,7 
978, l 
99c;,2 

1013,2 
1102,4 
1156 ,2 
1198.S 
1293,4 

o.o 
0,0 
0,0 
0,0 
0,0 
o.o 
0,0 

O•O 
3,1 

12':, 0 
1ec,s 
202,9 
24.3, 0 
31~,9 
347,5 
377, 7 
402, 0 
41<;,5 
437,3 
524,2 
574 .9 
614 ,0 
704 ,6 

0,0 
('. 0 
C,0 
0,0 
~.o 
c,o 
(:,0 

* CREEP STRAI~: TOTAL STRAIN• ELASTIC STRAIN• AVERAGE SHRT~K6EE STRAIN Al 1I~E 



421 

STRAIN AND TEt-PERATLRF DATA AFTER LO~Cll\G 

SPECinN 1-1•22 

AXIAL STRESS -o PSI AXIAL ELASTIC ST'"ATI\ •333,4 MICRC•UNITS 
~ADI/IL STRESS 3600 PSI RADIAL ELASTIC STRATI\ 630.R MJCRC•UNITS 
TEST TE,,.PERATURE 75 F TEST MOISTURE AS CAST 

A)(IAL GAGE RAO I AL GAGE 

TIME TE"'P READIDTV TOT STRAIN CREEP* TEMP REAr/CIV TOT STRAII\ Cf;EEP* 
<DAYS> (Fl (FREQ) (r.4lC•UNJTSl (MlC•lJI\ITSl IF) <F~EC> IMIC•UNilSl (11IC•LNITS> 

OoOOO 74.0 2234/2 o.o o.o 74o7 21P'5/?. o.o (). 0 
OoOOO 74.7 2463/2 •333.4 -.o 74,0 33re1A 631.9 l , 1 

ol2S 74o7 2500/2 •39004 -S6o9 7 4, I) 301:0/4 75901 127,9 
o25o 74,7 2510/2 •405o9 •72os 74,0 29P6/4 789,0 1,5 e. o 
.soo 74,7 2520/;:> •42lo5 -ee 06 74o7 2c:ii,P/4 82406 193 o 3 

1,000 74.7 2530/2 •437.1 •104.6 74.7 ?,R4Q/4 854.9 22::.5 
20000 74,0 2547/'2 -463,9 •131.6 74,0 21\Ci7/4 916.3 2€4 .5 
30000 74.0 2551/2 •470,2 •1:37 ,9 74.o 2~~1'/4 935.8 3o::os 
40000 75,5 25521? •47108 •139,5 1~.s 2c:;96/4 957.7 nsoe 
s.ooo 75.S 21557/2 •479,7 •147,5 1s.c; 2577/4 965,3 333,4 
6.000 74,0 2561/? -486.l ·153,2 74,0 251:9/4 972,5 34 lo 3 
70000 74.0 2563/2 •48902 -1ss.1 74, 7 25;i3/it 986.7 35,r:; ,3 

14,000 74,7 2"i74/2 -50608 •172,6 7 i;. c:; 23P9/4 1037.7 40hl 
21,00(1 74,7 2581/2 •517.9 -1e1i.5 75.'5 23il/4 1066,l 4:?it ,9 
28,000 75,S 2588/2 •52902 •195,5 75,5 223 ll" 1094,3 46;:,S 
56.000 75,5 2603/'2 •553,3 -220.s H,,3 2iirci14 1167,2 53«: 08 
840000 76,3 2613/2 •569,S ·236,6 7F,, 3 3MY,!' 1215,8 583,9 

112,000 11.1 2621/2 •582,S •249,1 79,2 34!4/8 1251,5 62c.3 
140,000 77,0 2626/2 •59006 -257,9 7R,5 3;>72/ll 1272,6 64(1,7 
168,000 76,3 2632/2 •600,4 •267.4 78,5 3f~!.-/P 1298,0 66.r:; • 7 
196,000 75.5 2637/2 •60805 •277.2 11,1 2874/F. 1320,0 6e1.1 
224,000 75,5 2640/? •613,4 "'283,8 11.1 27i6/f.l 1337,1 7 0·2 • 2 
2s2.ooo 7S.S 2642/2 •616.7 •289.2 11.1 21q1;18 1350.s 714 ,2 

* CREEP STRAII\" TOTAL STRAIN• ELASTIC STRAIN• AVERAGE SHRTI\KJl,GE STRAIN Al TI11E 



422 

STRAIN ANO TEIVPERATliRE DATA AFTER LO.aOIIIG 

SPECIIVE!<. H•?B 

AXIAL STRESS -o PSI AXIAL ELASTIC ST~AIII •0,0 MICRO•UNIT5 
FlADIAL STRESS -o PSI RADIAL ELASTIC STF<A Ill •O,O MICRO•UNlTS 
TEST TEMPERATURE 75 F TEST MOISTURE AS CAST 

AXIAL GAGE RADIAi GAGE 

TIME TEMP READ/DTV TOT STRAIN CREEP* lFMP REAC'/C'I\/ TOT STRAlll CRfEP* 
(DAYS) (F) (FREQ) (MlC•UNITS> (MlC•vNITSl IF) (FHG> (MlC•UNITS) (MIC .. LNITS) 

0,000 74,0 2237/2 0,0 o.o 74,0 2lc:2/2 o,o o,o 
0,000 74,0 2237/2 o,o 0,0 74,0 21c212 0,0 o,o 
1,000 74,0 2236/2 1,4 0,0 74,0 21c2n 0,0 0,0 
2,000 74,0 2235/2 2;0 0,0 74,0 21<;2/2 o.o (l, 0 
3,0~0 74,0 2236/2 1,4 o.o 74,0 21C:i?/2 0,0 (). 0 
4,000 74.0 2237/2 o.o 0,0 7~.7 21«;212 0,0 0,0 
s.ooo 74,0 2236/2 1,4 0,0 74,7 21C:2/2 0,0 o.o 
6,000 74,0 2237/2 o.o o.o 74. 7 2 M2 /2 0,0 0,0 
7,000 74,0 2236/2 1,4 o.o 74,7 21 i:: l /2 1,4 o.o 

14,0UO 74,7 2236/2 1,4 o.o 74,7 21·<;0/2 2,7 n, o 
21oooo 75,5 2235/2 2,8 o.o 1i;,s 2]P9/2 4,1 c,o 
28,000 74, 7 2237/2 0,0 o.o 74,0 21 c: l /2 1.4 o,o 
56,000 74,7 2236/2 1,4 o.o 74,7 21 P7 /2 6,8 o,o 
84,000 74,7 2234/2 4,2 o.o 74,7 21P5/2 9,5 o,o 

112.000 77 ,0 2234/2 ••2 o.o 77,0 21P3/2 12.2 o,o 
140,000 11.0 2233/2 s.s o.o 7',.3 21P2/2 13,6 o,o 
168,000 77 .o 2232/2 6,9 o.o 7 f, ,3 21 P0/2 16,3 0,0 
196,000 77,0 2231/2 8,3 o.o 76, 3 2}P0/2 16,3 o,o 
224,000 77,0 2231/2 8,3 o.o 7f.. ::I 217@12 19,0 0,0 
2s2.ooo 77,0 2231/2 8,3 o.o H,,3 2178/? 19,0 0,0 

* CREEP STRAII\: TOTAL STRAIN • ELASTIC STRAIN• AVERAGE SHRTlll<HlE STRAIN Al TIME 



423 

STRAIN AND Tf1'1PERATl.;RE DATA AFTER LOAOH,G 

SPECI!IEt,; 1-1 

AXIAL STRESS -o PSI AXIAL ELASTIC ST~All'I -o.o MICRO-UNITS 
RADIAL STRESS -o PSI RADIAL ELASTIC STAIITl'I -o.o MICRO•UNITS 
TEST TEMPERATURE 150 F TEST MOISTURE AIR Dl<'Y 

AXIAL GAGE RADIAL GAGE 

TIME TEt,op READ/Dj\l TOT STRATN CF<EEP* TEMP REAr1D1v TOT STRAII\ C1<FEP* 
COA'YSl (Fl (FREQ) IMIC•UNITSl IMIC•IJNITSl (F) CFPEOl (MIC•UNilSl lt,1IC•LNITSl 

0.000 140.7 2148/2 o.o o.o 144.S 21·nn o.o ~.o 
0.000 140.7 2148/2 o.o o.o 144.s 2123/2 o.o c.o 
1.000 140.0 2) 53/2 -60? OoO l4"1 o2 23'27/2 •5o3 o.o 
20000 140.0 2156/2 •10o7 OoO 14308 2129/2 -7.9 () 0 0 
J.ooo 140.0 2158/2 -1303 OoO 143.!l 21,:!J /2 ·•l O .5 Clo 0 
40000 140,0 2160/? -1600 OoO 143.e 21:212 •llo9 (). 0 
SoOOO o.o 0/0 OoO o.o 0. f) 0/0 OoO !lo 0 
60000 l40o7 2166/2 -24. l OoO 144 0 5 21::e12 ·• 17 o2 o.o 
1.000 140 • 7 2167/2 -2504 OoO 144.5 21 :tl/2 -11.2 c.o 

14.000 139.2 2178/2 -4002 o.o 143.o 2142/2 ·•2So l 0,0 
21.000 140.7 21131/2 -4403 o.o 144,5 2140/2 -22.5 o.o 
28.000 140.7 2185/2 -49,7 o.o 143,R 2140/2 -22.s ,:, • 0 
560000 140,0 2194/? ·61,9 o.o 143,8 21:9/2 •21,l 0,0 
840000 14007 2197 /2 -6600 0,0 143,8 21::6/2 -1702 c.o 

112.000 140.7 2200/2 •70ol 0,0 143 0 8 21:15/2 ·•15,8 c.o 
1400000 141.5 2200/2 •70oi OoO l4c;o2 21!512 -is.a OoO 
168,000 140,7 2203/2 -74,2 o.o 144,5 21!512 -is.a Cl, 0 
196.000 140,0 2202/2 •7208 o.o 143,0 2J.::/2 •13,2 OoO 
224.000 139,2 2202/2 -7208 o.o 142.2 21::/2 -13,2 o.o 
2s2.ooo 137,7 2207/2 •79o7 o.o 141 .s 2]:9/2 •21,1 Cl ,o 

* CREEP STRAH, • TOTAL STRAIN• ELASTIC STRIIII\I • AVERAGE SHPTl\l<A(;E STRAIN AT TbE 



TIME 
(DAYS) 

0.000 
0.000 

.125 

.2so 

.5oo 
1.000 
2.000 
3.000 
4.000 

• CREEP 

424 

STRAIN ANO TEfolPERATLRE DATA AFTER LO~Cl~E 

SPEClfolEN 1•13 

AXIAL STFlESS 
l<ADIAL STRESS 
TEST TEfolPERATURE 

AXIAL GAGE 

TEfo/P READ/DjV 

•O PSI 
(,00 PSI 
150 F 

TOT STRAIN 

AXIAL ELASTTC ST~Al~ 
RADIAL ELASTIC S1RAI~ 
TEST MOISTURE 

RADIAi. GAEE 

CREEP* TF.MP REAr 1rtv 
(F) (FREQ) (MIC•UNITS) (MlC•LNITSl (Fl (FHGl> 

147.5 2031/2 o.o o.o 14(,.o 20~4/2 
147.5 2073/2 •53.4 •.o 14(,. O 39c; 0/4 
145.2 2(\75/2 -s6.o -l.6 143.8 39Pl!/4 
145.2 2()74/2 .54;7 •.4 143.8 39Pl/4 
145.2 010 O•O (j. 0 O•O 010 
145.2 205112 -2s.3 30.3 o.o 0/0 
145.2 2042/2 -13.9 46.3 ii• 0 0/fl 
145.2 2ii44/2 •16.4 44.9 o.o 1)/0 
145.2 0/0 o.o o.o ii• 0 0/0 

STRAIN s TOTAL STRAIN • ELASTIC STRAIN• AVERAGE SHPT ~I< ,&.Cl£ 

.53.4 MICRO•UNlTS 
86.A MICRO•uNlTS 

AIR 01:n 

TOT STRAl~ Cl<EEP• 
1MIC•UNITS) <"'1C"'LNIT5> 

o.o o.o 
86.8 .o 
88.l t.2 
92.4 .~ .9 

O•O O•O 
o.o c.o 
o.o n.o 
o.o c.o 
o.o n.o 

STRAIN AT TI"'E 



TIME 
(DAYSI 

0.000 
0•000 

.125 

.2so 

.soo 
1.000 
2.000 
3•000 
4.000 
s.ooo 
6.060 
70000 

140000 
21.000 
20.000 
56.000 
84.000 

1120000 
140.000 
168.ooo 
196.000 
224.oilo 
2s2.ooo 

425 

STRAIN ANO TEt,IPERATl;RE DATA AFTER LOact~G 

SPECIMEN I•l6 

AXIAL STRESS 
RADIAL STRESS 
TEST TE~PERATURE 

•O PSI 
3600 PSI 

150 F 

AXIAL ELASTIC STRAl~ 
RADIAL ELASTIC STRAY~ 
TEST MOISTURE 

AXIAL GAGE 

TEt,1P 
<Fl 

147.5 
147.s 
l44e5 
144.5 
143.8 
145.2 
146.o 
14600 
146.0 

o.o 
146.0 
146.0 
146.7 
146.o 
146.0 
146.o 
147.5 
14l,.7 
146.7 
146.7 
144.5 
143.8 
143.o 

REAOIDTV 
<FREQ) 

2118/2 
2370/2 
2422/2 
2434/2 
2450/?. 
2457/2 
2474/2 
2484/2 
2493/2 

0/0 
2509/2 
2'513/2 
2540/2 
2558/;! 
2573/2 
21,13/2 

01n 
010 
0/0 
0/0 
Olo 
0/0 
0/0 

TOT STRAIN CREEP* 
CMIC•UNtTS> (MIC•l;t-:IT!-l 

o.o 
•350.6 
•42708 
-44509 
-470.1 
•48008 
•506.8 
·522ol 
•536.0 

o.o 
·56008 
•567.l 
•6o9o4 
•637.8 
•661.7 
-12&.o 

o.o 
o.o 
o.o 
o.o 
OoO 
o.o o.o 

0,0 
-.o 

•7,5,9 
-94.o 

-118.9 
•129.1 
•150.2 
"'165,1 
•177.5 

o.o 
•200,6 
-202.2 
•240.0 
•267.4 
•288,6 
•339,R 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

TEMP 
CF) 

148.2 
148,2 
146.7 
146.7 
146.o 
14~.o 
147.S 
147,S 
147.c; 

o.o 
147.s 
147,S 
146.7 
147.!li 
14705 
147.5 
l47e5 
147,5 
14Ro2 
l4R.?. 
147.5 
146.7 
14'5.2 

REAr/CTV 
CfRf:Q) 

21r=n12 
3374/4 
3];:c.l/4 
3i\r= 0/4 
2c.ll'2/4 
2P'70/4 
27'.'8/4 
26t:7/4 
2c;H,/4 

0/() 
2476/4 
24?7/4 
22~3/4 
2013/4 

n10 
0/0 
1)/() 

()/() 

0/0 
()/0 
()/0 
0/(l 
(l/0 

•JS0e6 MICRO•UNITS 
S49e7 MICRO•UNITS 

AS CAST 

TOT STRAIN CREEP* 
IMlC•UNITS) (MIC•LNITS) 

o .• 0 
sso,7 
674.2 
712,0 
753,0 
794,6 
,8s2.o 
885,9 
918,7 

o.o 
957.9 
976.S 

1046,5 
1118,9 

o.o 
o.o 
0,0 
0,0 
o.o 
o.o 
o.o 
o.o 
0,0 

('. 0 
1•0 

12,!:' •4 
1~2.9 
204 .o 
247,4 
Joe; .2 
342,s 
377,2 

I). 0 
4 l<l ,2 
44).0 
514 • 7 
5<.i C .1 

ti, 0 
o.o 
(le 0 
c.o 
c.o 
C,0 
c,o 
o.o 
c.o 

* CREEP SlRAlt-: • TOTAL STRAIN• ELASTIC STRAIN• AVERAGE SHRT~K~GE STRAIN AT llt,1E 



426 

STRAIN. AND TEl'PERATLRE DATA AFTER LOAr.Hd3 

SPECil'Et,., y .. 21 

AXIAL STRESS -o PSI AXIAL ELASTIC ST~AII\ •OoO MICRO .. UNITS 
J.ADIAL STRESS -o PSI RADIAL ELASTIC ST RAH •OoO MICRO•UNITS 
TEST TEMPERATURE 150 F TEST MOISTURE AS CAST 

AXIAL GAGE RADIAL GU:E 

TIME TEMP READ/DTV TOT STRAIN CREEP* TEMP REAC/CT\/ TOT STRAI" CRFEP• 
(DAYSI (Fl (FREQ! (MIC•UNITSl (MIC•lil\ITSl (F) !FllECl 1MlC•UNil5) (1,<IC•LNITSl 

0.000 143.8 2050/2 o.o o.o 146. 7 22~1/2 o.o (\. 0 
0.000 143.8 2050/2 o.o o.o 146.7 2221/2 o.o c.o 
1.000 143.o 2056/2 .. 7.6 o.o l4i; • 7 22i'S/2 -s.s o.o 
2.000 143.o 2115112 .. a;9 o.o l41i.7 22~1!/?. -9.7 (). 0 
J.ooo 143.0 2058/2 -10.2 o.o l41i.7 2;::>;::9/2 -11.0 o. 0 
4.ooo 143.o 2ii58/2 -10.2 o.o 141',. 7 22:!l)/2 -12.4 CoO 
5.ooo o.o 0/0 o.o o.o 

0 ·" 
0/0 o.o o.o 

6.000 143.8 2062/2 -,s.3 o.o lH,. 7 22:_:13/2 •16.6 OoO 
1.000 143.8 2063/2 .. 16.6 o.o l41i.7 22::i::in -16.6 o.o 

14.ooo 142.2 201112 •2608 o.o 146.0 2240/2 "'26o3 O•O 
21.000 143 0 8 2073/2 -29.4 o.o 14,:,.o 224()/2 -26.3 c.o 
2e.ooo 143.8 2076/2 .. 33.3 o.o l41i.7 224 :!/2 .. 30.4 o.o 
56.000 143.8 2085/2 •44.9 o.o 146.7 22c 1)/2 •40.2 o.o 
84.000 143.8 2091/2 -52.6 o.o 146.7 22"3/2 •44.4 C•O 

112.000 143.8 2ii95/2 .. 51.a o.o 146.7 22':S/2 •47.2 o.o 
140.000 145.2 2099/2 •63.o o.o 147.S 22"7/2 -so.a o.o 
168.000 145.2 2102/2 .. 66.9 o.o 147.c; 22"P/2 -s1.4 o.o 
1960000 . 142.2 2103/2 •68.2 o.o 146.Q nc 7/2 -so.o c.o 
224.000 143.o 2105/2 -10.a o.o 146.7 22"7/2 -50.0 o.o 
252. oo.o 140.7 2112/2 -eo.o o.o 140. 7 22~2/2 -57.0 (). 0 

t1 CREEP S1RAI1\: TOTAL STRAlN .. ELASTIC SHlAIN • AVERAGE SHRTl\l<A(;E STRAIN AT Tl"E 



427 

STRAIN ANO THPERATliRE DATA AF.TER LOACH,G 

SPECinN r-27 

AXIAL STRESS -o PSI AXIAL ELASTIC ST~Alt\ •lOOoq MICRO•UNITS 
RADIAL STRESS 1200 PSI RADIAL ELASTIC STRATI\ 14700 MICRO-UNllS 
TEST TE~PERATURE 150 F TEST MOISTURE AS CAST 

i\XIAL GAGE RAO I At c;•,GE 

TIME TE~P READIOTV TOT STRAIN CREEP* TEMP REAC/CIV TOT STRAit\ CF<EEP* 
(DAYSI IF) (FREQ) IMIC•UNITS) CMIC•liNITSl (F) (FREQ) (MlC•UNITS) <~IC•LNITS) 

0.000 147.5 2193/2 o.o o.o 14607 21'2812 OoO OoO 
0.000 147.5 226612 •10009 .o 146.7 4027/4 147.0 .•• 0 

,125 146.0 2275/2 -113.6 •11,4 17202 201512 145,1 ·•lo 0 
,2so 147.5 2277/2 -11604 •14 .2 145.2 20i2/2 148.9 ·2 ,4 
.500 146,7 2279/2 •11902 -11.1 14502 2ot912 15206 .f o2 

loOOO 147.5 2279/2 -119.2 -17 ,2 146,0 20(!7 /2 155,l 10,5 
20000 14607 2282/2 -123.5 •16,6 146,0 2005/i? 15706 l7 o5 
3.ooo 146.7 22871? •130.5 -2-3 ,2 146,7 2oc112 162,6 ·21,e 
4.ooo 146,7 2292/2 •13706 •2S,B 146.7 39«;)/4 169.4 ,::(1,5 
s.ooo OoO 0/0 OoO OoO o.o 0/() o,o (! 0 0 
6,000 14607 2298/2 •146.2 -35.6 146,7 39"6/4 112.5 ,3t: ,4 
1.000 14705 2299/2 •147,6 •32.4 14607 JClll(!/4 17602 4:!o3 

140000 146.7 2310/2 •16303 •4306 146,7 3C173/4 1ao,5 ,!: l • 3 
21.000 146,7 2316/2 •17lo9 •slo2 14607 3q~5/4 185,4 ,5,c; .2 
28,000 146,0 2322/2 •18006 -51.1 146,7 3c:ii:214 193,4 70.B 
56,000 146.7 2338/2 -203.7 •67.2 146.0 3g.;5/4 203,8 <;4 ,8 
840000 146,7 2344/2 -212,4 -1e.1 146.o 3ci;314 211 o l 10103 

112.000 146,7 2346/2 -215.3 •B0.4 14(). O 3Cli6/4 215.3 1C7 o5 
1400000 147,S 2347/2 -216.7 •83 05 l47o'5 3qji414 222,6 lH .1 
168,000 147,S 2346/;, -215.3 •82,1 147,!I 3Clf2/4 223.8 12C,2 
1960000 146.o 2287/2 -13005 3 o l 145.2 JCl~!l/4 20800 1 O!: o 0 
224.000 145.2 2077/? 15305 20100 143 0P 0/0 o.o Clo 0 
2520000 144.5 0/0 OoO o.o 14 3 .P 20f 7 /2 79.3 •2:: o 7 

* CREEP STRAIIII • TOTAL STRAIN • ELASTIC STRAIN• AVERAGE SHRTt\l<A,GE STRAIN Al TIME 



428 

STRAIN AND TE,..PERATlJRE DATA AFTER LOAl'JJI\G 

SPECit,iEN I•30 

.IIXIAL STRESS -o PSI .IIXJAL ELASTIC STR4ft,. •37607 MI CRO•UN Il5 
PADIAL STRESS 3600 PSI RADIAL ELASTIC STRATI\ 629.4 MICRO.UNIT5 
TEST TE,..PERATURE 150 F TEST MOISTURE AIR ORY 

AXIAL GAGE RAD I At GAGE 

TIME TE"'P REAO/DrV TOT STRAIN CREEP* TEMP AEAr1r.1v TOT STRAII\ CF<EEP• 

(DAYS) (F) (FREQ) OHC•UNtTS) OHC•IJN!TS) (F) (Ft::EQl IM IC•UN IT 5) (,.iyC•LNITS) 

0.000 149,0 3900/4 o.o o.o 149.0 39H:/4 o.o 0,0 

0,000 149,0 2240/2 •37f,, 7 ·- ,o 149,0 27C:4/4 631.2 I ,8 

,125 146.7 2347/2 •528 ,'0 -1s1.2 146,7 22:i6/4 1'135,0 20!: ,6 
.2so 146,7 2368/;:i -559,5 •181,9 146,7 20P 0/4 883,7 a!:4 ,6 

.500 146,7 2391/2 -593,5 •216,4 14~.7 37r:41,P 946,0 3H,5 

1.000 147,S 2416/2 -630,7 •251,B 147 ,l=i 33;e ,e 1004,4 37,'!: .a 

2.000 149,0 2441/2 -668.4 •284.9 149,0 27',9/@ 1010.5 44':.2 

J.ooo 149,0 2460/2 -697.2 •312,6 149, n 32P3/E! 1010,2 3e4 ,6 
4,000 149,0 2475/2 •720,2 -332,2 149, O 20c 1/P 1137 ,5 514,3 
5,000 149,7 2486/2 •737,1 •34~.9 ~.o 0/0 o.o c.o 
7,000 149,7 2503/2 -763,4 •372 .1 0,0 0/0 o.o c.o 

14,000 149.o 2531/2 -001.1 •412,7 6.o 0/0 o.o o.o 
21,000 149,0 2569/2 -867,2 -462,e Q,O 0/0 0,0 o.o 
28,000 149,0 2'569/2 •867,2 •457,2 0,0 0/C o.o C,0 

* CREEP STRAIN :r TOTAL STRAIN• ELASTIC STRAIN• AVERAGE SHRTl\l<A,GE STl~AlN AT llt.iE 
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