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ABSTRACT 

The purpose of this investigation was to gather and interpret 

data concerning the effect of adding fibrous reinforcement to mor¬ 

tar during the mixing phase. The fibers used in the investigation 

may be generally,described as short, steel wire segments, having 

length to diameter ratios from forty to one-hundred and sixty, and 

possessing either good or poor adhesion with the matrix. 

The composite material was subjected to both direct and in¬ 

direct tension, unconfined compression, and flexure. Increases in 

strength were noted for the composite material over the plain mor¬ 

tar in all cases but a few of the compression tests.| The maximum 

gain in strength was slightly over one-hundred percent found for a 

six percent inclusion of one-inch galvanized fibers under an indirect 

tensile load. 
\ 

The results of the tension tests indicated that the increase 

in tensile strength is directly proportional to the percentage of 

fibrous material in the mix. The slope of this line is a function 

of the type and length of fiber, the state of stress in the matrix, 

and the induced orientation of the fibers. 
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INTRODUCTION 

This investigation is concerned with the strength characteris¬ 

tics of mortar containing dispersed fibrous reinforcement. For the 

most part the fibrous reinforcement consisted of various types, 

amounts, and lengths of wire segments. The distinguishing feature 

of this type of reinforcement as contrasted with existing systems 

is that the fibrous material is added during the mixing phase. The 

paragraphs to follow represent an attempt to provide some rational 

basis to the hypothesis that this inclusion does favorably affect the 

ultimate strength of the composite. 

A careful search of the literature pertaining to cement and its 

products was made, primarily to determine if an investigation of this 

nature had been heretofore published. The results of this search 

were negative. The negative results of this search are, of course, 

not conclusive evidence of the absence of pr.ior.work. In fact, the 

uncomplicated nature of the idea strongly suggests the possibility 

of some previous effort having been performed in this area. 

Investigations of.a corresponding nature have been made in fields 

other than concrete. Only two such discussions were found by the 

writer, but their existence indicates that profitable results would 

be attained by a thorough search of all literature pertaining to ma¬ 

terials. In any event, it should also be kept in mind that favorable 

results from an investigation of this type might become the basis for 

a patented process, and consequently would not be available for general 

perusal, 
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The first of these discussions was a report on the effect of 

inclusion of tungsten fibers .in.a copper.matrix by McDaniels, Jech, 

and Veeton (5)*, Here the fibers were oriented in the direction 
t 

of the applied load and the copper introduced under a vacuum. The 

volume percentages, of tungsten ,in .the composite ranged from ten :to 

eighty, percent. It was found.that.the increase in strength of the 

composite material ...over,, the nominal strength of copper in tension 

was. directly, proportional to the amount-of tungsten included. The 
% 

maximum increase,in.strength was approximately, ten times, the pensile 

strength of copper. In the majority of tests .the fiber length equaled 

the length .of the test specimen, but-some tests were .run.where the 

maximum fiber length was less.than one quarter.of the length of the 

specimen. The resultsof these tests where the fibers were oriented 
«. . . ; 

.but discontinuous also exhibited increases .in .strength proportional 

. to .the volume of-tungsten. 

-The second reference was found in a book entitled Elasticity, 

Plasticity, and Structure-of Matter-by Houwink (4) where on pages 

236.through 252 .the author .describes the^effect of micelle length 

and orientation .on.the -strength of cellulose. The micelle or.building 

block of cellulose .is a-grouping of chain .molecules possessing a-roughly 

square cross-section measuring ..fifty angstroms on .a side. -The length 
: 

to breadth ratio of a micelle varies from two.to-ten .depending on .the 

type of-molecule. Summarizing, the results of independent.investi¬ 

gations. in the field, Houwink concludes that orientation of the fibers 

in the direction .of the applied load produces: fdr stronger substances 

• i ... 

* numbers in parentheses refer.to bibliography of appendix E 
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than are achieved by randomly, oriented fibers. He further states that 

the increases in strength can.be predicted from the amount of surface 

contact between the fibers. Here the amount of surface contact is a 

function of the length and the orientation of the micelle. To illus- 

Diagram A - Areas of rupture for fibers with short and long 
micelles respectively 

Unfavorable Favorable 

Diagram B - Unfavorable and favorable conditions for the cohesion 
of molecules 

In summary the first reference shows that the inclusion of dis¬ 

continuous but oriented fibers into a weaker matrix does increase the 

strength of the composite, while the second points out that the orien¬ 

tation and length.of segments in a.naturally fibrous material .does ap¬ 

preciably. affect its strength. 

Before considering the.effect of the fibrous material on mortar, 

a short discussion ..of the properties of this particular matrix has been 

included. Emphasis has been primarily placed on those properties which 

affect the strength of the material. 
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The two most important chemical compounds in Portland cement 

are tricalcium and dicalcium silicate. When mixed with water, hy¬ 

dration of the first of these is largely responsible for the initial 

strength of the paste after final set has occurred. The continuing 

increase in strength with time in the presence of moisture is attri¬ 

buted to hydration of the second of these compounds, the slow react¬ 

ing dicalcium silicate. These two hydrates possess adhesive quali¬ 

ties which cause the mass to become strong. Theoretically, only a 

small quantity of water is necessary to achieve hydration, but in 

practice a much larger quantity must be used to. ensure a thorough 

wetting of the particles and to make the mix workable. This excess 

water causes to a large extent the small irregular voids present in 

the hardened matrix. Consequently, as the amount of water is in¬ 

creased, a higher total volume of voids is produced, and thus a 

weaker matrix. 

The inclusion of filler material (i.e., aggregate) into the 

matrix causes some changes in the resulting material. Mortar or con¬ 

crete (the latter term used if any of the aggregate fails to pass a 

number four sieve) possesses a higher modulus of elasticity than neat 

cement and is less subject to volume changes. Inclusion of aggre¬ 

gate requires a higher water-cement ratio to lubricate the mix and 

ensure wetting of active compounds. The void volume in mortar is 

smaller than in neat cement. This void reduction is a function of 

the gradation of the aggregate, the aggregate-paste ratio, the degree 

of compaction, and the maximum size of the filler particle. The 

strength of mortar is to some extent inversely proportional to the 
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aggregate-paste ratio. This decrease in strength due to the amount 

of aggregate is more pronounced in direct tension than in compression 

The failure of mortar under applied load is a topic receiving 

wide attention in the literature. Most of the recent theories, for 

example see Reinius (12), tend to agree that, microscopically, ul¬ 

timate failure under any type of applied load is a function of the 

adhesive bond of the matrix particles. Rupture of any bond in the 

matrix tends to shift the load responsibility to neighboring bonds. 

This propagation character eventually leads to failure of the speci¬ 

men. As this failure is due to tensile breakdown between the par¬ 

ticles of the matrix regardless of the type of applied load, it may 

be seen why the mortar exhibits far less strength in direct tension 

than in compression. Application of a tensile load causes far more 

of the individual, bonds to reach their ultimate capacity than do the 

indirect extensions caused by compression. 

^^The hypothesis that inclusion of fibrous material into mortar 

produces a stronger composite substance can be explained to some de¬ 

gree in the light of the above discussion. Consider, for example, a 

specimen subjected to direct tension. We will assume that as load 

is applied, each section perpendicular to.the direction of the ap¬ 

plied load is extended uniformly. Thus the fibrous material being 

bonded to the matrix will also be extended. Since the modulus of 

the fibrous segments is higher than that of the mortar, projections 

of the segments parallel to the .load will carry a higher portion of 

the stress than an equivalent cross-section of the matrix. This 

-5- 



ability.to carry a greater share of the load than the matrix causes 

the stress state in the neighboring bonds to be lowered, thus in¬ 

creasing the ultimate strength of the material. 

Ideally then increases in the strength of the composite such 

as were obtained by the copper-tungsten material would be possible. 

However, the fact that the fibers of this investigation were ran¬ 

domly oriented in the matrix greatly, reduces their beneficial effect 

on the strength and makes any theoretical prediction of the behavior 

of the material extremely difficult. 

Listed below are some of the factors which must be considered 

in assessing the general behavior of mortar containing dispersed 

fibrous reinforcement. 

(a) Properties of the fibrous material including length, 

diameter, yield strength, and surface condition. 

(b) Quantity of fibrous material included in the mix. 

(c) Properties of the mortar particularly strength and bond 

ability. 

(d) State of stress in the matrix under various types of loading. 

>(e) Deviations from purely randota orientation of the fibers. 

(f) Change in the void volume due to inclusion of fibrous ma¬ 

terial . 

(g) Prestress in the matrix due to interaction between the 

fibers and the aggregate in seeking a position of minimum 

potential energy. 

At the outset of this investigation only a few of these in¬ 

fluencing factors were even partially suspected. Consequently, this 



investigation was.by necessity,experimental so that the influencing 

factors could be determined and tentative qualitative conclusions 

drawn as to their effect. These qualitative conclusions would then 

serve as the basis for further experimental and theoretical work, 

with the ultimate aim of.obtaining a quantitative relationship be¬ 

tween the influencing factors. 

Although considerable quantitative data has been gathered,.it 

must be remembered that :this data only represents the effect of a 

specific type of reinforcement on a specific mortar under identical 

conditions of mixing, placing, curing, and testing. The statistical 

analyses performed on a portion of the test results do give an in¬ 

dication of . the scatter to be expected and of the significance of 

the difference between reported mean strengths. 
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EXPERIMENTAL PROCEDURE 

As stated in the closing paragraphs of the introduction, the 

lack of knowledge concerning those factors which influenced the be¬ 

havior of the fibrous material, ruled out the use of a theoretical 

investigation. In addition this lack of knowledge made even the 

formulation of an experimental approach difficult. Consequently, 

the character of the tests in this investigation is somewhat random. 

Results from one test were used to plan subsequent work. Another 

difficulty which must be surmounted by the investigator in mortar 

is the "art" of proper specimen preparation. This mastering of the 

techniques necessary to prepare and test specimens in which unplanned- 

for variables are minimized is essential to obtain valid results. 

•The total number of tests performed and the total number of 

specimens tested are given below: 

(a) 11 tension tests comprising 

375 standard briquets and 

36 two-inch diameter by four-inch high cylinders 

for the indirect method 

(b) 9 compression tests comprising 

252 two-inch diameter by four-inch high cylinders 

capped with a sulfur compound 

(c) 2 flexure tests comprising 

8 three by three by twenty-one inch beams 

(d) 4 bond tests comprising 

24 two by two-inch square specimens of varying 

grip length 
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(e) 4 miscellaneous tests to determine the physical properties 

of the materials and the magnitudes of the amplitudes of 

the vibrator. 

In general, tests involving the fibrous reinforcement contained 

one or more batches designated as control groups. These were not rein¬ 

forced. Hence, the effect of the reinforcement was measured against 

the strength of the control specimens. This technique eliminated the 

effects of variation in the factors of mixing, curing, etc., on the 

strength of the material, and allowed the results of the test to be 

independent of these factors. 

Because of its non-homogeneity and continually increasing strength, 

the physical characteristics of mortar are extremely difficult to pre¬ 

dict quantitatively. For any two batches of the material, each con¬ 

taining the same amount of components, the strength at any future time 

as determined by a specific method of testing is a function of many 

variables. A few of these are: 

(a) The degree to which the material is compacted while being 

placed in the molds. Loss of excess water through leakage 

or water gain causes an increase in the non-homogeneity 

j of the specimen. 

(b) The amount of moisture present and the temperature during 

the curing process affect the rate at which the strength 

increases. 

(c) The amount of, moisture in the specimen at testing affects 

the ultimate strength of the material. 

Consequently, increasingly careful records of each test were kept. 
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These records when properly interpreted provide a possible explana¬ 

tion for wide variations between theoretically similar specimens, 

batches, or tests. 

The experimental.technique used in preparing each test may be 

divided into five sectionst proportioning, mixing, placing, curing, 

and testing. The general section of appendix D contains in detail 

a description of the methods used in each of these areas. The para¬ 

graphs to follow contain the important features of these methods and 

comments pertaining to their improvement and standardization. 

Proportioning of the components for each batch was done on a 

weight basis. It is felt that the accuracy maintained is sufficient 

for this variable. The cement was isolated in partially air-dry 

containers, but considering the highly humid Houston atmosphere, a 

greater precaution should be taken with this material. A thorough 

record of the temperature of the various batch components before mix- 

inc should possibly be made. These initial temperatures affect the 

rate of the reaction and are thus of importance in correlation of 

strength data. 

Mixing was done by hand for.the first few tests, but after 

purchase of the Hobart A-200 mixer (see Figure #1) further mixing 

was done mechanically.. The mixer performed satisfactorily for all 

but one of the tests. This malfunction occurred during flexure test 

#2 where .the mixer stalled when a medium speed was placed on a near 

capacity mix containing two-inch fibers. One other characteristic 

of this type of mixer is that the fines or paste line the bowl in a 

thickness proportional to the gap between the paddle and the bowl. 
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Figure 1 

Mecjhanical Mixing Device, Twenty 

Quart Capacity, Model A-200, 
Hobart Company 
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This segregation only becomes important when ..the quantity mixed is 

very small and it can be corrected by the use of washers at the sup¬ 

ports of the bowl. The washers reduce the vertical freedom of the 

paddle, thus closing the gap. 

Placing and compaction of the wet mix into the molds is perhaps 

one of the most important items affecting the uniformity of the results. 

The placing of the wet material into the molds and the tamping must 

be done in a prescribed manner. The tamping should be done with the 

aid of a "Deliometer" so that the pressure applied can be standardized. 

This was not done in this investigation and probably accounts for a 

part of the variation in the individual batch.results. In preparing 

cylinders for compression or indirect tension tests, the need for 

mechaniqal compaction of some form is required for all but the wettest 

\ // ■ 

mixesAddition of fibrous material does reduce the workability of 

■fV 

the mix and thus compaction must be used to avoid macroscopic voids. 

Failure to use mechanical compaction for very stiff mixes will cause 

large irregular voids even in the control specimens. Mechanical com¬ 

paction was effected using the Syntron Vibrator shown in Figure #2. 

This vibrator applies vertical agitation at.a constant frequency. 

The magnitude of the vertical amplitude is controlled by a dial. These 

amplitutudes are given in miscellaneous test #4 of appendix D. The 

three gang cylinder molds rested on glass plates, the joint between 

the mold and the plate'being sealed with paraffin to prevent leakage. 

This assembly was then placed on the tie-down board (also shown in 

Figure #2) whose function was ,to secure the molds to the vibrator 

table. It was realized during the course of the investigation that 

-12- 



Figure 2 

Mechanical Compaction -Device 
Model VP-30, Syntron Company 
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the tie-down board not only acted to absorb much of the vertical 

agitation, but also that this absorption was irregular. To 

alleviate this condition it is suggested that the molds be equipped 

with brass base plates and that some means be devised to tie them 

directly to the vibrator table. It is further suggested that more 

tests of the type illustrated by compression test #7 be made, so 

that a file of information regarding proper amplitude and duration 

for a specific mix could be developed. 

sj\ Finishing the surface of the mold containing the wet fibrous 
material presented some difficulty, particularly in the cases of 

briquets containing large amounts of reinforcement ^oj^longer fiber 

lengths. In these situations flat surfaces at the ends of the bri¬ 

quet were sacrificed to prevent disturbance of the mix. 

Although relatively thorough records of curing temperatures 

were kept, it is felt that not enough attention was paid to the phase 

before immersion into the curing water (generally the first twenty- 

four hours after mixing) . In view of the fact that most testing was 

performed seven days after mixing, this first day of curing had de¬ 

cidedly important effects on the seven-day strength. The use of the 

control batch lessened the need for uniform curing conditions, but 

information regarding these conditions is essential for correlating 

results between different tests. A curing room where conditions of 

temperature and humidity could be mechanically maintained would be 

an effective answer to this problem. 

Specimen testing was performed on a variety of apparatus as listed 

in appendix D, but the majority of the tests were made using the Olsen 
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300,000 pound ‘Deluxe Super LM type hydraulic machine shown in 

Figure #3. The most important features of this machine are the load 

pacer, enabling the tester to keep a constant rate of loading on the 

specimen, and the load cell attachment shown in Figure #4. The load 

cell made it possible to read the ultimate strength of the briquets 

directly to the nearest pound. Although considerable effort was 

made to ensure that axial load alone was being applied to the briquets, 

work performed by Evans (3) pointed out the impossibility of achiev¬ 

ing this state without the use of strain gages on both sides of the 

specimen. He concluded that the results of.the briquet test produce 

an average tensile stress which is less than the true value of the 

strength as this average stress represents a combination of axial 

and bending forces. A special device shown in Figure #5 was used to 

determine the strength of wire used for fibrous reinforcement and to 

perform the bond tests. The container is filled with sand at a con¬ 

stant rate until failure and then weighed. A device to the rear of 

the container prevents rotation during the application of the load 

but allows vertical movement. The special tension test or indirect 

determination was devised by Garneiro (1) of Brazil and reviewed 

by Wright (11). In this test a compressive load is applied to oppo¬ 

site generators of a cylinder. Packing strips of 5/16 by 1/8 inch 

masonite were glued to the specimen prior to the test to ensure ap¬ 

plication of uniform load over the length of the generators. The 

appearance of a reinforced specimen after rupture is shown by Figure 

#6. Also included in the figure at the base of the compression block 

is a broken unreinforced cylinder. The effect of the packing strips 
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Figure 3 

300,000 Pound, Olsen, "Deluxe Super L" 
Type Hydraulic Universal Testing Machine, 
Illustrating Set-up for Briquet Testing 
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Figure 4 

Electronic Dual -Range Load 
Cell, Tinius Olsen -Company 
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Figure 5 

Laboratory Constructed Pull-out 
Test Device 
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Figure 6 

Indirect Tension Test Set-up 
Showing. Ruptured Plain and 
Reinforced Test Specimens 

19 





is to give a theoretically lower stress than that of the general 

formula derived in appendix C. This amounts to no more than a two 

percent reduction and was not considered in.calculating.the ultimate 

tensile strength. The applicability of the assumptions made in the 

derivation of appendix C to plane and reinforced mortar are evaluated 

in the section entitled "Discussion of Test Results," 

Capping of compression cylinders was performed using a sulfur- 

charcoal .compound which had a specified one-day strength of 5000 psi. 

A setting of 250 °F on the thermostat of the heating device produced 

the most workable melt. 
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TEST RESULTS 

The method to be employed In reporting the results of the 

individual tests will consist of a short summary, stressing the im¬ 

portant features of the test, and in most cases a graphical pres¬ 

entation of the data, A complete record of preparation procedures, 

observed data and test analyses for all of the tests has been in¬ 

cluded as appendix D. Notation and sample calculations are found 

in appendices A and B respectively. 

All but one of the graphs presented in .this section display 

the strength of the material versus.the variable being studied. 

Where sufficient data has been obtained for making a statistical 

analysis, :the standard deviations.of the test means have been plot¬ 

ted as a band around the curve representing the data. In graphs 

of tensile strength versus a feature of the reinforcement, the ef¬ 

fect of the reinforcement is represented by the best straight line 

as .determined by the method of least squares. In the other graphs 

a curved line connecting the test points has been employed. The 

sample caption shown below was added to the graphs so that the im¬ 

portant test conditions would be easily discernible. 

Mix: 1:3 W/C: 0.50 
20-30 mesh Ottawa sand 

5 minutes 
H - 10500 °F-hr 
tm = 6.89 days 
N = 36 n n = 2 x 3 

The explanation of this caption is as follows: 
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Mix; 1:3 A mix of one part of cement to three parts of 20-30 

.mesh Ottawa sand by weight was used as the basic mix for all 

batches of the.test. 

W/C: 0.50 The water-cement ratio by weight of the mix was 

0.50. If reinforcement was added to any of the batches of 

the test, its type and length will be found beneath the title 

of the graph. The amounts of reinforcement used, represent 

percentages of the total weight of the dry materials and are 

generally one of the variables of.the graph. 

(T). 5 minutes: Mechanical compaction lasting five minutes was 

given.to each batch of the.test at an amplitude indicated by 

the dial setting. 

H - 10500 °F-hr: The estimated number of Fahrenheit hours of 

water curing received by the specimens. 

tT =» 6.89 days: The average total age of the specimens measured 

from commencement of mixing to testing. 

N g 36: The total.number of specimens in the test was thirty-six. 

n =2x3: This.denotes that each test point was. the average of 

six specimens and that the specimens were ;from two batches of 

three samples. 

For convenience the test summaries have been divided into five 

sections: tension, compression, flexure, bond and miscellaneous. 

The number of each test indicates only the chronological, order of 

testing within the section. Correlation and discussion of the test 

results will be treated in the next chapter. The test summaries of 

tjiis chapter are for.the most part presented and analyzed individually. 
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Tension Tests 

Summary of Tension Test #1; Before wire segments were adopted as 

the type of reinforcement used in the investigation, an attempt was 

made to use chopped steel.wool as the fibrous additive. After the 

wool had been cut to a maximum length of one-half inch, difficulty 

was encountered in.separating the fibers. Even after the wool was 

introduced into.the wet mix and thoroughly kneaded, the tendency, of 

,the fibers to remain in clumps persisted. At an age of.three days, 

the strength-of. the reinforced specimens.was less than.that of the 

control briquets. Examination of the ruptured section often showed 

that a clump of the material, whose interstices had not been pene¬ 

trated by the mix, was a part of this cross-section. At seven days 

the decrease of the mean strength of the reinforced batch disappeared 

and the inspection of the few samples tested led to an important pb- 

servation. Inspection showed that reinforced samples containing 

large unpenetrated clumps broke at loads lower than the control av¬ 

erage, but that specimens whose ruptured section disclosed small 

clumps and slivers of.the material broke at higher loads. This in¬ 

dicates that had the fibers been separated, the strength of the com¬ 

posite would have been higher. The diameter of the wire comprising 

the wool measured on the average, 0.003 inches. Compared with the 

fibers used in the majority of the tests, this means for a specified 

percentage of reinforcement, that sixteen .times as many wool fibers 

than standard segments would appear in a unit volume of the material. 

The thinner fibers would also produce a more workable mix. 

Summary of Tension Test #2: The.results of this test indicate that 
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the addition of three-eighth inch segments of slightly rusted wire 

produced an increase in tensile strength.of eleven percent at a speci¬ 

men age of three days. This result is pictured graphically in Figure 

#7. The difference in the mean strengths of the batches can definitely 

be considered to exist, as the level of significance of the difference 

was less than one percent. 

Summary of Tension Test #3: The purpose of the experiment was to 

survey, the effects of different types, lengths, and quantities of rein¬ 

forcement on the tensile strength. Figure #8 shows that the inclusion 

of all three fibers was beneficial to the tensile strength. A closer 

inspection of the points used to determine the best straight line for 

the one-inch galvanized fibers, shows that after a high initial gain 

at one percent of reinforcement, the slope fell off suddenly, even 

going negative at five percent. It is felt in.this case that the fi¬ 

ber length being equal to the minimum dimension of the mold may have 

affected the results. It was also noticed that the fibers held the 

specimen together after rupture. Figures #9 and #10 show representa¬ 

tive examples of broken plain and reinforced specimens. 

Summary of Tension Test #4: The briquets of test four were subjected 

to mechanical compaction because of the extremely stiff mix of the 

test. It was noted that under mechanical compaction the one-inch fi¬ 

bers near the sides of the mold tended to orient themselves in a ver¬ 

tical position. When an attempt to strike off the excess mix was made, 

considerable dislodgment of the material in the specimens occurred. 

The increasing deviation from the mean with an increase in reinforce¬ 

ment as shown in Figure #11, is felt to be caused by the voids on the 
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Figure 9 

'Close-up of a Broken 
Plain .Briquet 
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Figure 10 

Close-up of a Broken 
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surfaces of the briquets. These are shown in the photograph of 

Figure #12. Even with-these surface irregularities, the strength- 

reinforcement curve was linear. 

Summary.of Tension-Test #5: In this :fest, an attempt was made to 

definitely establish the linearity of the strength-percentage rein¬ 

forcement curve. The straight line shown in Figure #13 does indi¬ 

cate a linear trend. All but the first two points fall very close 

to the best straight line, and even .these points were not too dis¬ 

tant. This could also be interpreted that.the higher amounts of 

reinforcement- cause more voids in .the hardened material .thus les¬ 

sening the strength and that if these voids were eliminated, the true 

line would be a projection of the first two points. 

Summary of Tension Test #6: Test six was a study of the effect of 

reinforcement on the strength of the material.at various ages. The 

graph of Figure #14 shows that in all cases the reinforced specimens 

tested higher.than .the control samples. The large deviations from 

the mean in this ..test are attributed to the selection technique used 

in providing the specimens for each point. In this case, the samples 

were selected from three batches so that-the nine briquet strengths 

used in the average represent three degrees of freedom rather.than one. 

The differences in the means of the.reinforced and the control groups 

at seven and fourteen days were not statistically significant, but at 

:twenty-eight days, the level of significance was less than six percent 

which indicates a good possibility that a real difference exists. The 

fact that the levels of significance became more favorable with age, 

could be a sign that.the reinforcement becomes increasingly beneficial 
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Figure 12 

Close-up of a Reinforced 
Briquet Illustrating Disturbance 

Caused by Poor Finishing Technique 
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to the material with time. 

Summary of Tension Test #7: The purpose of this test was to obtain 

information regarding the effect of variation in segment length on 

the tensile strength. In review, it is felt that the size and shape % 

of the mold played a part in affecting the magnitudes of the results. 

The small increase in strength caused by any of the reinforcement 

makes an interpretation of the effect of fiber length extremely ten¬ 

uous. The initial high value of the batch containing one-half inch 

fibers (see Figure #15) followed by lower but linearly increasing 

values for the batches containing the next three segment lengths might 

be explained by the interaction of specimen density and controlled 

orientation. That is, as the fibers became longer, they were more 

difficult to place and compact but at the same time were more oriented 

by the shape of the mold into a direction parallel to that of the ap¬ 

plied load. 

Summary of Tension Test #8; Using one-half inch bronze-coated steel 

segments, a new attempt was made to obtain statistical information re¬ 

garding the linearity of the strength versus percent reinforced curve. 

Nine samples were tested to determine the value for each point, and 

these represented three batches of specimens mixed on successive days. 

The extremely low slope of the best straight line and to some extent 

the high coefficients of variation can be possibly be explained by the 

very low volume of material mixed for each batch. The segregation of 

material mentioned in the previous chapter, caused-by the gap between 

the paddle and the bowl, may have played an important role on the final 

composition of the specimen. The weather conditions in the lab varied 
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considerably over the three-day mixing period, thus contributing to 

the cause of the low values obtained for the batches poured on the 

second day. The results of the test are shown in Figure #16. 

Summary of Tension Test #9; .Test nine was the first application of 

the indirect or Brazilian method of tension testing. It was designed 

so that a survey of a number of variables could be made. The most 

interesting result was the large increase in strength of all ..the rein¬ 

forced groups over the control batch. These results are shown graph¬ 

ically in Figure #17. Note that the sixty and forty percent rises in 

the strength of the galvanized fibers are respectively,three to two 

times more than any of the bronze-coated specimens. Also note the 

linearity of.the results for the half-inch galvanized fibers. It 

was further observed during the removal of the specimens from the 

molds that the high compaction used had caused a partial shift in the 

'v- 7 
reinforcement to the bottom of the cylinder. This shift was verified 

during the actual testing as the split began in the upper end of the 

specimen. 

Summary of Tension Test #10; Perhaps the most striking result of 

this test was that under a compressive load, an increase in the tensile 

strength of the material of one-hundred percent was achieved. This, 

by no means, was the most important result. In this test, correlation 

between the compaction factor and the strength was established. At 

six percent-reinforcement the apparent drop in strength from a pro¬ 

jected straight line of the first two points, could also be tied in with 

the drop in the compaction factor for this batch. Also noted was that 
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the percentage rise at three percent xeinforced compared with the 

value obtained in test nine;;63,2 versus 66.5 percent. The results 

and the standard deviations are shown in Figure #18. 

Summary of Tension Test #11: Test eleven was made in conjunction 

with test ten so that a correlation between the tensile strengths 

of the standard briquet and the cylinders could be made. The briquets 

of test eleven represent batches placed by hand and batches subjected 

to mechanical compaction. From the results shown in Figure #19,.the 

strength of the mechanically .compacted control, batch is equal, to that 

of the cylinders of test ten. The results also show:that the gain 

in strength due to addition of fibrous material is less for the mech¬ 

anically compacted briquets. The small number of samples preclude 

the making of a quantitative statement regarding this phenomenon, 

:but:it could be .explained by the reasoning set forth in the summary 

of tension test :four. 

Compression Tests 

Summary of Compression Test #1: The specimens of compression test 

one were not subjected to mechanical compaction and the results shown 

on the graph of Figure ;#20 indicate that, the addition of fibrous ma¬ 

terial .is detrimental to the compressive strength. This ten percent 

:decrease in strength is.attributed to the poorer workability of the 

fibrous material.and hence, an increase in the void volume. The sig¬ 

nificance ..ratio of the.difference between .the means.had a level of 

significance of seven percent thus.evidencing a good probability, that 

.the decrease in. strength was significant. 
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Summary of Compression Test #2: This test was similar to test number 

one except that here mechanical compaction was employed. An increase 

in compressive strength of thirteen percent was obtained by the speci¬ 

mens containing the fibrous reinforcement. The results are shown in 

Figure #21. The level.of significance of this increase was less than 

one percent, definitely establishing that a difference in mean strengths 

existed. Compression specimens containing the fibrous material were 

difficult to disintegrate even with continued application of load after 

reaching ultimate strength. Figure #22 shows three of these -specimens. 

The cylinder.on the left is a control sample while the others, are rein¬ 

forced. The cylinder.on the right shows how the fibrous material is 

dispersed in a reinforced sample.7 The low coefficients of variation 

obtained in this test are good evidence that control can be attained 

by proper use of the vibrator. The mechanical compaction in this.test 

was performed without the use of the tie-down .board. 

Summary of Compression Test #3: Although the investigation was pri¬ 

marily concerned with fibrous r e inf or c ement and its effects on the 

strength properties of mortar, several tests were performed to obtain 

information of background nature in regard to the properties of the 

basic materials. Compression test three was of this type and was simply 

a study of the compressive strength versus the ,IW/Cn ratio with additional 

information concerning the porosity of the material at the various 

ratios. The results of the strength portion of the test are illustrated 

in Figure #23. The shape of the curve is as expected and shows a de¬ 

crease in strength with an increase in water-cement ratio. The large 

coefficients of variation for the three highest ratios are indications 
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that under the particular vibrator setting and duration that con¬ 

siderable and irregular water gain was experienced by the specimens. 

It is felt that had proper compaction been administered, the co¬ 

efficients of variation would have been considerably reduced. Figure 

#24 shows plots of the theoretical and calculated porosities. These 

terms are explained in appendix B, but for convenience in interpret¬ 

ing the graphs, they are briefly reviewed here. Theoretical porosity may 

be defined as the percentage difference between the theoretical spe¬ 

cific gravity and the oven-dry value. The theoretical specific gra¬ 

vity is based upon the assumption of zero voids and is determined from 

the mix proportions. Calculated porosity is simply the difference 

between the saturated surface-dry density and the oven-dry density. 

These two porosities should be equal but as seen from Figure #24, 

this is not the case for the three lowest values of the water-cement 

ratio. In theory.the shape of the theoretical curve should be similar 

to that of the calculated porosity only higher in position. That it 

is not may be explained by the incomplete compaction of the low ratio 

specimens and the water gain of the samples of the high ratio. In¬ 

complete compaction causes voids other than those caused by excess 

water, while water gain changes the character of the specimen from that 

given by the initial mix proportions. The reason for a difference in 

the curves, even if compaction had been properly administered, is 

explained by the inability of water .to completely saturate the material. 

This inability was seen when the wet specimens were broken and the dry 

interiors observed. The value of twenty percent for the 0.60 mix 

compares favorably with that attained by Victory (9) of twenty-two 
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percent for a 0.80 .mix with the same cement-aggregate ratio. Mr. 

Victory's samples were less than one-tenth the volume of those in 

this investigation and were saturated under pressure. 

.Summary of Compression Test #4: The .effects on .the compressive 

strength due :to varying the percentage of reinforcement was the 

subject of this test. Although the effect was favorable in all cases, 

a strong evidence of improper compaction.was indicated by the falling 

off of the curve at the higher values of reinforcement. The curve is 

shown in Figure #25. The high coefficients of variation caused the 

levels of significance to be slightly high for making a statistical 

statement -that strong evidence of a difference exists. An .exception 

to this was at two percent reinforced where the level, of signifi¬ 

cance was less than three percent thus almost jdefinitely establishing 

a true difference in ..the means. 

. Summary.of Compression Test :$5; A study was attempted to ascertain 

the.effect of fibrous reinforcement on the compressive Strength for 

various test ages. The use of samples from different batches coupled 

with a probable improper compaction gave rise to very high coeffi¬ 

cients of variation for the majority of the test.points. This is 

easily.seen in the area covered by the envelope of the standard de¬ 

viations shown in Figure #26. The curves connecting the means of the 

batch results are departures from the theoretical logarithmic shape. 

This itself is strong evidence ;that the means with the higher coef¬ 

ficients of variation are not good approximations of the true means 

of the parent population. Only at twenty-eight days did the level 

of significance of the difference between the means, indicate a strong 
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possibility of a true difference existing. This increase in strength 

of the reinforced specimens over the control samples was 26.8 percent. 

The apparent decrease in strength of the reinforced specimens at four¬ 

teen days had a level of significance of forty percent or indicating 

that the apparent difference is of no significance. 

Summary of Compression Test #6: Compression test six investigated 

the.effect of fibrous reinforcement on the compressive strength at 

various water-cement ratios. The results of this test are shown in 

Figure #27. The high coefficients of variation of most of the test 

points again show the effects of poor compaction technique. These 

were especially noticeable at the lowest water-cement ratio indicating 

that the compaction at this .value was probably insufficient. The means 

of the control and reinforced samples at the 0.45 and 0.55 W/C ratios 

were so close that the significance ratios showed absolutely.no pos¬ 

sibility of a difference existing. The 27.0 percent increase in the 

strength of the reinforced batch over the control group at a W/C of 

0.65 was significant to the one percent level. The wide difference 

in the coefficients of variation at this ratio could be explained by 

the effect of water gain, the wires here acting to prevent a loss in 

strength due to segregation of material. Another hypothesis concern¬ 

ing the difference in strength at this level is that the high water- 

cement ratio aided in removing the bronze coating while the materials 

were being mixed. It is also interesting to note that the highest 

value of compressive strength exhibited by a single specimen at each 

of the three water-cement ratios was from a reinforced specimen. 

Summary of Compression Test #7: This test was used to provide more 
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background material, concerning the effects of compaction technique 

on the compressive strength of the material. Four identical .unreinforced 

batches of a low water-cement ratio and two of a high ratio were 

compacted at different settings for different lengths of time. The 

results, illustrated by Figure #29, show that if proper technique 

is used, as exemplified by the batches of the high W/C ratio, the 

coefficients of variation are very small. However, if the agitation 

is insufficient, widely varying strengths are obtained. Figure #28 

is included to convey a picture of the very irregular surfaces re¬ 

sulting from insufficient compaction. It is interesting to note 

that the increasingly higher and longer compaction given to the low 

water-cement ratio batches, produced a stronger material. In fact, 

the average of the strongest batch would be equal to that of 

the control group of compression test six, provided two of the speci¬ 

mens (#197 and #198)are dropped from the analysis. These specimens 

having strengths much lower than their companions, strongly suggests 

the irregular compaction caused by the tie-down board. The location 

of these specimens on the plan of the board was observed to be the 

same as that giving most of the low values of other tests. The fact 

that these specimens tested so much lower than their companions may 

also indicate that the setting used was very near the dividing point 

between sufficient and insufficient compaction. 

Summary of Compression Test #8: A study, was made to determine the 

effect on the compressive strength of a wide variation in the percent 

of reinforcement. The fibers used were one-half inch bronze-coated 
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segments and the results of the test are shown in Figure #30. The 

low coefficients of variation obtained for the control and lesser 

reinforced batches were encouraging, suggesting that correct compac¬ 

tion had been used. The shape of the curve illustrates that the 

bronze fibers had little beneficial effect on the strength aiyi that 

at six percent reinforcement, they caused a significant decrease. 

It is seen that the extra vibration given to the group containing 

the highest amount of reinforcement raised the strength to a value 

almost equal to that of the control group. A study of the compaction 

values shows excellent correlation with the mean compressive strengths. 

Summary of Compression Test #9: This test was made to obtain cor¬ 

relation data for tension test ten, and showed that the tensile strength 

of the unreinforced material was 7.8 percent of the compressive strength. 

The results of this test are shown in Figure #31 and indicate that the 

inclusion of the galvanized fibers raised the strength of the material 

9.5 percent. 

Flexure Tests 

Summary of Flexure Test #1: The first flexure test consisted of loading 
i 

three plain and three fibrously reinforced beams to failure. The fi¬ 

brous ly reinforced beams showed an increase in strength over the control 

beams of 10.3 percent. Even after failure the reinforced beams pos¬ 

sessed a residual strength as shown in Figure #32. 

Summary of Flexure Test #2: This test was a duplication of flexure 

test one except that a longer fiber length was used, As mentioned in 

the previous chapter on experimental procedure, the mixer stalled at 

medium speed while mixing the batch containing the fibrous additive. 
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Figure 32 

Fibrously Reinforced and 
Plain Mortar Beams 
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Consequently, the number of beams poured was limited to two. The 

results indicated that the reinforced beam was 11.3 percent stronger. 

The use of the two-inch fibers definitely makes the mix more difficult 

to place. 

Bond Tests 

Summary of Bond Tests #1 through #4: As all of the bond tests were 

identical in form, they will be reported as a group. The three grip 

lengths used in the pull-out tests were one-quarter, one-half, and one 

inch. The two types of fibers tested were the bronze-coated and the 

galvanized wires. Results showed that all the galvanized wires broke 

in tension before failing in bond. If the calculated bond stress at 

this tension failure be taken as the lower limit of bond ability, then 

the results show that the adhesiveness of the galvanized fibers was 

from four to six times that of the bronze-coated wires. The average 

bond ability of the bronze wire was 132 psi, while the galvanized fi¬ 

bers possessed at least 700 psi. 

Miscellaneous Tests 

Summary of Miscellaneous Tests #1 through #3; The tests for the spe¬ 

cific gravities of the sand, cement, and wire gave results which had 

been expected from the nature.of the materials. The sieve analysis 

of the bank sand showed that the material fell within the limits recom¬ 

mended by the ASTM except that the material was slightly lacking in fines 

of the 100 mesh size. The average strengths of the wires used in the 

majority of tests are as follows: 

Bronze-coated steel wire ~ 96,200 psi 

Galvanized steel wire - 57,600 psi 
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Yield strength determinations -were not made in this investigation, 

due to the need of specialized equipment necessary for the test. This 

information would he essential for a quantitative prediction of the 

behavior of the composite material. 

Summary of Miscellaneous Test #4: The device used to measure.the value 

of feeder amplitude of the settings of the :dial of the vibrator was 

not very precise, but it gave an indication that amplitudes were 

slightly higher along one of the diagonals than on the other. The 

magnitude of this difference was in no case higher.than twenty per¬ 

cent of the average amplitude. The average amplitudes for the un¬ 

loaded table ranged from 0.004 inches at a vertical upward dial set¬ 

ting to 0.044 inches at a vertical downward setting. With the tie¬ 

down board and molds placed on the table, readings made on top of the 

molds were very close to zero.even at the highest setting. 
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DISCUSSION OF TEST RESULTS 

The previous chapter contained the written and graphical sum¬ 

maries of the individual.tests. In this chapter an attempt will be 

made to discuss the over-all meaning of these results. The factors 

felt to influence the behavior of.the composite material, as outlined 

in the concluding paragraphs of the introduction, will be evaluated 

with respect to the data obtained. 

A careful review of the graphs of the preceding section and of the 

test results of appendix D points out the variable nature of mortar. 

As the data indicates, even strengths of the control specimens made 

and tested under similar conditions, vary considerably. Because of 

this variance in strength between and within batches, the need for 

control batches, large numbers of samples, and complete testing re¬ 

cords,, is clearly seen. Only by adhering to this method of testing 

is it possible to evaluate and correlate the results. 

As the aim of this investigation was to gather data on the 

strength characteristics of mortar containing dispersed fibrous 

reinforcement, it is felt that a variable of primary importance in 

the study, is the relationship between the quantity of additive and 

the change in strength. The results of the tension tests give a 

good indication that the increase in strength is directly propor¬ 

tional to the percentage of reinforcement, in spite of the random 

orientation of the fibers. Many factors are felt to influence not 

only the slope of this line but also its linearity. From the results 

of this investigation the slope of the line seems to be dependent 
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on the type and length of the fiber, the state of stress within the 

specimen, and any induced orientation of the fibers. 

The galvanized fibers generally produced an increase in strength 

from two to three times that of the bronze-coated segments. This may 

be explained from the results of the bond tests where the galvanized 

fibers exhibited from four .to six times the adhesiveness shown by the 

bronze segments. In all but one test the increase in strength was 

also proportional to the length of the segment, although this increase 

was smaller than that caused-by surface condition. The exception oc¬ 

curred in tension test three where the slope of the best straight line 

was higher for the half-inch fibers. As explained in the test summary 

the final slope of the line representing the one-inch fibers was much 

less than the Initial value of the first two points and it .is felt that 

the decrease is due primarily to the lack of placibility at the higher 

percentages. The state of stress within the matrix was perhaps the most 

significant of the of the influencing factors. As illustrated by the 

results of tension tests nine and ten, slopes from three to five times 

greater than those obtained from direct loading were found. This is 

felt to be a combined influence of the high compressive stress in the 

specimen and the distribution of the intensity of tensile stress per¬ 

pendicular to the plane of loading. A more detailed explanation of 

this phenomenon is included in a subsequent paragraph. The final fac¬ 

tor influencing the slope of this line was the deviation of the fibers 

from a purely random orientation. This was seen from the results of 

tension tests four and eleven where the briquets were subjected to 

mechanical compaction and tested lower than similar hand-placed specimens. 
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Again, a.separate discussion of this phenomenon will be included later 

in this chapter. 

These influences on the slope of the line -relating the increase 

in tensile strength with the quantity of reinforcement are presented 

graphically in Figure #33 by the use of weighted '•beta" lines. The 

slopes of these beta lines represent values for a particular type and 

length fiber, loaded in a specified manner. Differentiation between 

hand-placed and mechanically compacted briquets has also been included. 

They are weighted so as to include the results on all tests on one fi¬ 

ber based on the total samples of each test. For example the weighted 

beta value of the one-half inch-bronze-coated fibers, hand-placed and 

loaded indirect tension was obtained from.combining the results of 

tension tests seven.and eight in the following manner: 

T.T. #7 Beta =3.6 N = 18 
T.T. #8 Beta = 1.3 N ® 81 

Hence, the weighted value for the half-inch fiber is: 

(18/99) (3.6) + (81/99) (1.3) 

1.72 

These lines have-been projected to the limits of the graph or generally 

to "r = 8%." This projection might appear unwarranted as only, one batch 

of specimens contained this amount of reinforcement, but since the other 

beta lines nearly all contained test points having five or six percent 

reinforcement, this extension was felt to be justified. 

The linearity observed in the tension tests was not found in ..the 

experiments involving compression. The curve of change in compressive 
» ' 

strength versus percent reinforced generally, was of a convex upward 
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shape. Curves for the galvanized fibers had a positive slope for 

.the chord between the end points, while the curves for the bronze 

fibers exhibited a flat or negative value. The results of compres¬ 

sion test :eight indicated that the problem probably lay with density 

of the specimens. Here the strength exhibited by the eight percent 

reinforced batch was nearly, equal.to that of the control group, while 

the strength,of the six percent reinforced batch was ten percent 

lower. The former.had.received an additional minute of compaction 

more than the latter and thus the gain in strength is attributed to 

the increase in density. A vivid example of the effect of compaction 

can.be seen from the results of compression tests one and two; the 

first, receiving no compaction evidenced a drop in strength* but:the 
. ' / 
■: / 

second, where compaction was used, showed a significant gain. The 

greater.effects of compaction on the results of the compressive tests 

than on.the tensile are possibly due to the influence of the voids on . 

the behavior at failure. A specimen of mortar under tension fails 

when the remaining unruptured bonds of the matrix reach a level of 

stress where the next particle failure causes almost - immediate rup¬ 

ture of the remainder. The voids and filler act primarily to decrease 

.the amount of matrix across the section, but the fibrous reinforcement 

acts in directly assuming a share of the load. In compression where 

again tensile failure of the matrix particles is the cause of failure, 

:the voids require the matrix not only to prevent outward movement of 

the material but also to carry the applied compressive stress around 

the void to more stable portions of the matrix (i.e,,:the aggregate). 
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Here the action of the reinforcement plays a smaller role in directly 

aiding the matrix in preventing failure. 

The results of the water-cement ratio test (compression test six) 

can not be relied on too strongly because of the high coefficients of 

variation. Only the batches having the highest water-cement ratio had 

a significant difference in mean strengths and this was favorable to 

the reinforced batch. 

Variations in strength with age for. the tension and to a smaller 

degree the compression tests indicated that the difference in strength 

increased with age, but long range tests under adverse weathering con¬ 

ditions should be made to determine if the fibers eventually corroded. 

Flexure tests reflected a rise in strength of about ten percent 

for the fibrously reinforced specimens. The limited number of tests 

should be supplemented before any conclusions are made with regards to 

the behavior. 

Deviations from the theoretically random orientation of the fibers 

in the wet mix are thought to considerably influence the ultimate 

strength of the material. These deviations seem to be caused by a com¬ 

bination of the following: 

(a) The shape of the mold. 

(b) /The mold dimension-fiber.length ratio. 

(c) The technique of placing of the material into the molds. 

(d) The mode of mechanical compaction used. 

As an example of how these various factors interact, the preparation 

of a briquet specimen will be discussed in detail. The briquet has a 

shape similar to a tiny, "dumbbell" and possesses a square throat 
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cross-section measuring one-inch on a side. The mix when removed from 

the mixing bowl by a small trowel appears to have the fibers randomly 

dispersed and oriented. After the loose material has almost filled 

the mold, it is subjected to the action of a one-inch diameter flat¬ 

headed rod. This tamper is used to compact the mix, and when the re¬ 

quired number of tamps has been made, the material occupies only half 

the volume of the mold. The effect of the volume reduction on the 

disposition of the fibers is to orient them in the plane of tamping. 

Since this plane contains the line of action of the applied load, an 

increase in the number of fiber projections along this line occurs. 

The remaining volume of the mold is then filled and tamped so that this 

re-orientation process is repeated. The form of the briquet is such 

that its long dimension is parallel, to the line of loading. This to 

some degree affects the orientation of the fibers. During the filling 

and tamping process, a contact between any segment and the mold causes 

the segment to change its direction to one which is more parallel to 

the mold. Since three times as much of the perimeter lies parallel to 

the long axis than across, it is feasible to expect this number of fiber 

re-orientations. Further reasoning along this line illustrates why 

this effect becomes more pronounced as the length of the fiber in¬ 

creases. These aforementioned factors are accentuated in the middle 

third of the briquet or the region of failure. Here the mold has not 

only its smallest dimensions but also has all of its perimeter parallel 

to the long axis. The final influence on the orientation of the fibers 

is that caused by mechanical compaction .-/Observation of the agitation 

given to the mix showed that the fibers sought to orient themselves 
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into a vertical position. Since this direction is perpendicular to 

the line of loading, a decrease.in projected length parallel to the 

long axis and consequently a decrease.in .strength would be expected. 

This, is, in fact,:what occurred. To determine the magnitude .of these 

.effects, particularly,the first .three,.would .require briquets of a 

larger .volume. This would permit:the use.of.one fiber length,and 

comparison of strengths would then indicate relative magnitudes of 

the:effects of.the aforementioned factors. In performing these tests, 

control specimens, would be necessary, so. that ..the dimensional factor 

in the strength of.the.matrix could be accounted for. 

The stress distribution within .the cylinder.of the indirect 

-tension specimen possibly explains why.,the reinforced samples of this 

. method of testing showed such high increases in.strength. -As derived 

in appendix C the. tensile stress in.the specimen is much lower than 

the compressive stress. It is maximum along .the .vertical.disinteric 

plane and falls rapidly, to zero at-'the circular, perimeter, The shape 

of the intensity ..of the tensile stress is shown on the diagram below; 

..this curve represents the relative magnitude of the horizontal. tensile 

stress along .the horizontal diamteric plane. 
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Note that this fall-off in stress intensity, contrasting with 

the fall-off in stress of the briquet where stress concentrations at 

the loading points tend to overshadow any decrease in stress due to 

widening of the specimen. This decrease in stress would tend to les¬ 

sen the load on the fiber at points off the vertical diameter. Com¬ 

bined with high compressive stress the net effect would be to increase 

the resistance of the wire towards slipping along the matrix. The 

inclusion of the fibrous reinforcement obviously increases the non¬ 

homogeneity of the material. What the effect of this increase is 

on the applicability of the derived stresses of appendix C is not 

known. A condition of plane stress or no longitudinal stress was al¬ 

so assumed in appendix C. The restraints provided by the loading 

strips to longitudinal movement invalidate this assumption to some 

degree. Actually an assumption of a combination of plane stress and 

plane strain would have been correct, but as yet no such solution for 

this problem has been made. Finally, any elastic stress determina¬ 

tion of mortar is somewhat of an approximation as the material pos¬ 

sesses this property only at very small strains. In summary, it may 

be said, that although the nature of the stress within the specimen 

is to a certain degree unknown, the reinforced cylinders did evidence 

a large gain in strength under this loading condition. 

The effect of the inclusion of fibrous reinforcement into mortar 

on the coefficient of variation was surprisingly small, and in some 

cases beneficial. It was noted that as the length of the segment ap¬ 

proached the minimum dimension of the mold, a rise in the coefficient 

occurred. To a lesser degree increasing the amount of fibers in the 
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mix also produced a rise in the coefficient of variation. These 

increases are thought to be caused primarily, by an increase in ir¬ 

regular voids due to the poorer placibility of the material and 

secondly to a prestress in the matrix induced by fibers being bent 

from a position of minimum potential energy. It should also be 

added here that the slope of the line representing tensile strength 

versus percentage reinforcement may have been lowered in a linear 

manner because of the decreased placibility. 

The residual strength exhibited by the ruptured specimens 

especially in compression and flexure is thought to be worthy of 

noting. This residual strength not only prohibited the fragments of 

the specimen from falling off but also appreciably lowered the rate 

at which the load capacity decreased. These phenomena would be a 

desirable trait of material.subjected to blast loading, where ac¬ 

celerated structural collapses and moving fragments are the primary 

causes of injury to personnel. 
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SUGGESTED AREAS OF FUTURE WORK 

The favorable results of the initial tests of fibrously rein¬ 

forced mortar suggest that the material could have useful structural 

applications. In view of this possibility, the need for future work 

would be mandatory to provide required design criteria. 

In the paragraphs to follow, areas of subsequent investigation, 

which the writer feels to be of primary importance are discussed. 

These suggested areas are those which are felt to be needed at this 

stage of the investigation to. attempt to quantitatively predict and 

qualitatively explain the behavior of the material. 

Direct Tension Tests 

Using the briquet mold and a fiber length less than half the 

minimum dimension (suggested length: or 3/8 inches) a number of 

variables could be easily examined. The short fiber length would 

tend to reduce the influence of the mold and the technique of placing 

of the mix on the results. These variables are: 

(a) Type of fiber: Both metallic and non-metallie could be 

examined, holding diameter and percentage added a constant. 

(b) Diameter of fiber: Most materials possess a higher yield 

strength the finer they, are drawn. Decrease in diameter 

would also place more fibers across a section under stress. 

An indication of these effects could be attained by vary¬ 

ing the fiber diameter. 

\ / (c) Change in strength versus percentage added: Here selected 

/ types and diameters of fibers would be added to the mix 
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in a large range of percentages. In this test as the 

quantity of reinforcement increases, the quantity of 

aggregate should decrease, keeping the total absolute 

volume of the material a constant. For future testing 

the quantity of reinforcement should be expressed as a 

percentage of the sand or paste and not as a percentage 

of the total weight of dry materials. 

(d) Water-cement ratio: Ranges of this ratio from an amount 

producing a soupy mix to that giving a dry mix could be 

investigated as to the changes in the tensile strength 

differential between reinforced and plain specimens. 

(e) Cement-aggregate ratio: Similar to test (d) but varying 

the cement-aggregate ratio from zero to that used in 

concrete (roughly 1:6). 

(f) Age of specimen: Using selected fibers, the effect of 

age and variations in curing on the strength differential 

could be studied. 

Compression Tests 

Tests similar to those of the direct tension studies could be 

run concurrently to provide correlating information. A difficulty 

here is that the compression specimens definitely need mechanical com¬ 

paction, whereas the tensile specimens are adversely affected by this 

phenomenon. If mechanical compaction were not given to the tensile sam¬ 

ples, more reliance would have to be placed on the compaction factor to 

achieve correlation. As an alternative, several batches of the briquets 
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could be subjected.to the same compaction as the compression samples. 

Indirect Tension Tests 

Tests of this nature could provide valuable supplementary data 

to the results of the direct tension tests. The ease in obtaining 

cylinders of a larger size than the two by four inch variety would 

provide a means for.testing the following: 

.(a) Length of segment: Using a four or six inch cylinder 

diameter, segment lengths ranging from one-quarter to one 

and one-half inches could be studied. 

(b) Coarse aggregate: Aggregate ratios and sizes comparable to 

those normally employed in concrete could be included in the 

mix with selected types, lengths and amounts of reinforcement. 

(c) Dimensional analysis: Using different size molds the effect 

of specimen length to mold dimension could be determined if 

the results were correlated with those of test (a) of this 

section. 

Flexure Tests 

Using selected fiber types and lengths, with various water-cement 

and cement aggregate ratios, some determination of the following might 

be attained. 

(a) Flexure strength: under center, third point, and high shear 

loadings for plain beams containing fibrous reinforcement. 

(b) Reinforced beams: Although this subject is somewhat large, 

several interesting points could be explored for direct ap¬ 

plicability to structural systems. 
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(1) Influence on the strength of the material in the 

compression zone for.over reinforced beams. 

(2) Influence on .the ability of the beam to resist 

failure in diagonal tension under a high shear-load. 

(3) Ability.to delay the appearance of tensile cracks. 

Miscellaneous Tests 

Listed below .are a few of the additional tests which would be 

especially, helpful in determining a more complete picture of the be¬ 

havior of the composite material: 

;(a) Torsion: Circular or rectangular lengths of the material 

subjected to a twisting moment would provide information 

as to the capacity of the material in direct shear. 

(b) Strain: Tests of cylinders, beams, briquets,.and bars of 

the material to provide an insight on the deformation 

characteristics. These tests should be performed so that 

it could be determined if a high strain or yielding ac¬ 

companies. the increase in strength. 

(c) Properties of , the reinforcement: This information would be 

useful in quantitatively predicting the strength of.the com¬ 

posite. Such tests would include adhesive ability to various 

mixes, yield strength, ultimate strength, and modulus of 

elasticity. 

(d) .Resistance to freezing and thawing: .Tests of this type would 

provide information to ascertain if fibrous reinforcement was 

beneficial in resisting deterioration of weather surfaces. 
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(e) Influence on the strength of reinforced columns: Here 

the material could possibly act in a manner so as to pre¬ 

vent spawing of the outer surface of the column. Tests 

could be run to see if reinforcement of this nature would 

be beneficial to.the strength of the column. 
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CONCLUSIONS 

.In evaluating the effect of fibrous reinforcement on the strength 

of mortar, it may be generally concluded that the inclusion of such 

material is beneficial to.the strength of the composite. As illus¬ 

trated in the preceding section much work is still required before a 

quantitative relationship between the influencing factors can be es¬ 

tablished. The qualitative conclusions regarding the behavior of the 

-material, derived from this, investigation are: 

(a) The increase in tensile strength is directly proportional 

to the volume of fibrous material.in the mix. 

(b) The slope of this line is affected bymany factors. Factors 

determined by. this investigation are: 

(1) The bond ability, of the fiber 

(2) The:length of the fiber 

(3) The:degree to which the random orientation is 

affected by the methods used in placing and com¬ 

pacting the material. 

(4) The state of stress in the matrix caused by the 

method of testing 

, (c) The compressive strength of the material rises linearly with 

. an increase in reinforcement only, if the void volume of the 

specimen remains constant. The amount of increase in com¬ 

pressive strength was lower than that found in tension. 
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(d) A limited number of flexure tests indicated that fibrous 

reinforcement was beneficial to the flexural strength 

(e) The reinforcement prevented, to a large.degree, specimen 

disintegration after failure. 

J 
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Appendix A 

NOTATION 

Notation employed in this thesis is given below. A more complete 

explanation of terms is given in appendix "B". 

Aj, - Cross-sectional area of cylinder 
A^ - Cross-sectional area of wire 

b - Average width of flexural specimen 
bc - Average width of flexural specimen at location of maximum 

moment 

C - Coinpaction value 

d - Ayerage depth of flexural specimen 
dc - Average depth of flexural specimen at location of maximum 

moment 
dfc - Average thickness of briquet at rupture line 
Dc - Average diameter of cylinder 
Dw - Average diameter of wire 

fc - Ultimate compressive strength of cylinder 
fr - Ultimate flexural strength of beam 

frl 
_ Ultimate flexural strength of beam due to live load 

?r2 - Flexural stress in beam due to dead load 
fs - Ultimate tensile strength of wire or stress in wire at bond 

failure 

ft - Ultimate tensile strength of briquet 
ft' - Ultimate tensile strength of cylinder as determined by 

Brazilian test 
fu — Ultimate bond stress or bond stress at failure of wire 

H - Fahrenheit-hours of water curing 

i .- Used as a subscript to denote any one of "n" values 

- Average length of flexural specimen 
Lc “ Length or height of cylinder 
Lg - Measured grip length of bond specimen 
Ls - Length of fiber segment 

Lu - Distance between supports of flexural specimen 
(i.e., - 18.0 inches) 

m - Best straight line relating "f^" with "r" 

Md - Maximum dead load moment in beam 
Mj, - Maximum live load moment in beam at rupture 
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n - Total number of specimens used in batch analysis 
N - Total number of specimens used in test analysis 

pc Calculated porosity of specimen 
pt « Theoretical porosity of specimen 
F - Probability 
Pu - Corrected failure load in all tests 

r - Percent of fibrous reinforcement based on total weight of 
dry materials 

R ° Rate of loading 

S - Section modulus of beam at location.of maximum moment 

t^ - Average total age of batch at testing 
twc - Average time batch cured in water 
Tm - Temperature of mix one minute after cessation of mixing 
Tmw “ Temperature of mixing water 
Tr - Temperature of room at mixing unless otherwise specified 
T- Mean temperature of curing water c 

Vc - Measured volume of specimen 
Vj - Volume of specimen as determined by displaced weight in 

water 

Vn - Volume of specimen mold 

w - Weight of beam per inch of length 

Wad - Air dry weight of specimen 
W0d " Oven dry weight of specimen 
Wgsd - Saturated surface dry weight of specimen 

x .- Mean strength of batch or batches of. same variable 

(3 - Best straight line relating ".Aft" with "r1' 

A - An increment or change (used as prefix) 

O - Estimated standard deviation 

? 
?t 

z 

Observed density of specimen (modified by superscripts and 
subscripts) 

- Theoretical density of specimen 

Summation sign 

^ Coefficient of variation 
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Appendix B 

SAMPLE CALCULATIONS 

The data of this investigation have been reduced and evaluated 

using the calculations found in this appendix. Notation used in these 

sample calculations is for the most part given in appendix "A". Speci¬ 

fic notation used in the formulation of a particular calculated quan¬ 

tity, but not used elsewhere in the thesis is defined herein when used. 

In addition, explanatory material concerning terms listed in appendix 

"A" is included where applicable. Interpretation of the calculated 

quantities will be found in the body of the thesis. 

The calculations have been subdivided into general areas. These 

areas are: 

1) density 

2) curing 

3) strength 

4) evaluation 

A synopsis of the accuracy of recorded observations, and thus, 

an insight into the accuracy of subsequent calculations, is presented 

on the following pages. 
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B2 

Accuracy of Recorded Observations 

The observed readings recorded in appendix "D" are naturally 

subjected to experimental error, and any subsequent calculations are 

no more accurate than the exactness of these initial readings. The 

following is included so as to have a basis to judge the final ac¬ 

curacy of the calculated quantities. 

1. Length: 

a. Wire diameters were measured to the nearest 0.0001" of an 

inch using a special micrometer. 

b. Diameters of cylinders were measured to the nearest 0.001" 

using a micrometer. 

c. Length of beams was measured using a flexible metallic tape 

to the nearest 0.05". 

,d. All other measurements made with micrometers and rounded to 

nearest 0.01". 

2. Time: 

a. Test durations measured using a stop watch.to the nearest 0.2 

seconds. 

b. Mixing and vibration times determined using stop watch and 

are accurate to 5 seconds. 

c. Curing ages felt to be accurate to 0.01 day. 
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3. Temperature: Temperature readings made with a Fahrenheit ther¬ 

mometer whose least division was 1 degree. Readings were estimated 

to 0.1 degrees. 

4. Weight: 

a. Specimen weights if less than 1000 grams were determined 

using a torsion balance (scale A) whose least division was 

0.1 gram. Weights reported to 0.1 gram. 

b. Specimen weights greater than 1000 grams were measured on 

a self-balancing scale (scale B) whose least reading was 

1 gram or 0.01 pounds. -Weights reported to nearest gram. 

c. Batch quantities were determined using scale A if cement 

weighed 500 grams or less. Batches having a cement content 

greater than this figure weighed on scale B. In all cases 

the additive was weighed on scale A. Mixing water is felt 

to be accurate to nearest milliliter, 

d. Weight of 12" length of wire used in specific gravity de¬ 

termination determined using a Mettler balance accurate to 

nearest 0.0001 gram. 

5. Ultimate Loads: Ultimate loads were determined by various testing 

devices (see appendix D). The table below lists the smallest scale 

division and the observation recorded. 

Machine Scale 
in 
lbs 

Value of least 
division on 
scale in lbs 

Read to 
nearest 
 lb 

Olsen 300,000# 60000 100 10 
Olsen 300,000# 6000 ,10 1 
..Olsen 300,000# 600 load 1 1 

cell 
, Riehle 60000 100 10 

Olson Briquet 1000 5 .1 

Pull-out device Scale B 0.01 0.01 
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Calculations Involving Density 

1. Theoretical density, *'is determined from the yield of the 

mix for one gram of cement. It assumes that the hardened material 

possesses zero voids. The calculation for theoretical density appears 

below. The quantities 'V, "c", and "d" are weights of the particular 

element obtained from a ratio: 

Weight of cement in batch - 1 gram of cement 
Weight of element in batch "x" grams of element 

where '.'x" is "b",."c", or "d" depending on the element, 

= solid volume of cement 

= solid volume of sand 

= solid volume of water 

= solid volume of additive 

Calculation for 

1 gram of cement 
sp.gr. of cement 

"^t": 

"b" grams of sand 
sp.gr. of sand 

"c" grams of water 
sp.grof water (=1) 

"d" grams of additive 
sp.gr. of additive 

Sum of weights in mix 
for one gram of cement 

’Vt" 

Sum of solid volumes for one 
gram of cement in cubic centi¬ 
meters . "Vt" 

Hence: ^t = Wt/Vt (in g/cm3) 

2. Observed densities are found simply by dividing the observed weight 

of the specimen.by its volume. Subscripts indicating the condition of 
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the specimen at weighing and superscripts indicating how the volume 

of the specimen was determined are explained below: 

Condition of specimen at weighing: 

The subscript "ad" shall denote that the specimen was weighed 

prior to immersion. Thus nad" indicates the air dry weight. The 

degree to which excess water has evaporated from the specimen is a 

function of the temperature and humidity of the room and the time 

subsequent to mixing. 

The subscript "ssd" shall , denote the saturated surface dry weight 

of the specimen. Specimens weighed wet had been in curing water for 

at least three days. 

• The subscript "od" shall, denote the oven dry weight of a speci¬ 

men. This weight was determined immediately after specimen had cooled 

to room temperature from an oven .temperature of 103°F. Samples were 

cooked 24 hours. 

Volume determination: 

The superscript "n" indicates a volume based on.the nominal.di¬ 

mensions of the mold. These volumes were taken to be: 

Cylinders - 206 (All in cm^) 
Briquets - 62.5 
Beams . - 3090 

The superscript "d" indicates the volume as determined by the dis¬ 

placed weight of the specimen in water. 

The superscript-"c" indicates volume determined by measurement of 

the dimensions of the specimen. The locations on the specimen where 

readings of dimensions were taken are shown on the following sketches: 
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Cylinder: 

1~ 

4 

I 

Dc = (DL + D2)/2 

Vc = (ttLcDc
2)/4 

Briquet: 

.... t. 

d.t = (Zdti)/6 

» Vn <dt/l") 
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Hence the symbol ,f y^11 indicates the air dry density of the speci¬ 

men based on the measured volume. 

3. The density ratio or estimated compaction value "C11 will be found 

from the percentage ratio of the air dry density to the theoretical 

density, i.e. 

■c = ( fad>/<^t> x 100 <in%> 

4. The porosity of a specimen expressed as a percentage will be calcu¬ 

lated as follows: 

Pc - ( fssd - ?od> * 100 (in 7.) 

and pt = ( ^t - ^od) x 100 (in .%) 

,These porosities represent the calculated and theoretical percentage of 

voids respectively. 
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Curing Calculations; 

B8 

1. Specimen ages have been reported for the most part to the nearest 

0.01 of a day. Initial or zero value was taken as the commencement of 

mixing and terminal value as the time of testing for each specimen. Thus 

the figures included in appendix D represent the average for all specimens 

in the batch. The total time specimen was cured in water (i.e., "twc") 

was obtained in a similar manner; the zero value here being the time im¬ 

mersed . 

2. The letter "H" has been used to denote the Fahrenheit-hours of water 

curing. This value does not include temperature conditions prior to im¬ 

mersion and hence is not of as much value as it would be if these condi¬ 

tions were included; this is especially significant for the low testing 

ages used in this investigation. In any event it is a far better para¬ 

meter for indicating curing conditions than specimen age alone. "H" 

was determined from the following formulation: 

where the summation represents an approximate integration of the area 

under.the "Tc" versus "t^," curve, as shown below: 

n 

Tc 
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The term "Tc^" represents a curing water temperature obtained at a 

time ,,tWCi". Except at the initial and final times ZX. tcw^ is given 

by the following: 

A1 
wc 

WC£ 
i + 1 

WCi - 1 

Obviously as "n" is increased, this expression becomes a more accurate 

estimate. Curing water temperatures .ranged from a low of 60°F to a 

high of 80°F. 

3. The value of mean curing temperature "Tc" is given by,the following 

formula: 

TC = ^^wc 

where "t^c is the mean curing time of all batches in the test. 
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Strength Calculations: 
BIO 

1. Tensile strengths were found by two methods: the briquet test and 

the indirect cylinder ("Brazilian").test. A derivation of the expres¬ 

sion of tensile strength using the latter method is the subject of ap¬ 

pendix C. Since the geometry of the briquet is such as to cause failure 

within the middle third of the specimen, and as this section itself is 

of continually changing breadth, tensile strengths "ft" are generally 

reported in pounds. Considering, however, the thickness of the briquet 

is nominally a constant value of one-inch, an attempt has been made to 

incorporate this variable by measurement of this thickness at or near 

the rupture line. Thus in this investigation tensile strength for the 

large majority of readings has been reported in pounds per inch of thick- 

ness, i.e., 

ffc - Pu / dt (in lbs/in) 

The expression for tensile strength as determined by the indirect method 

is given by: 

ft = 2PU /YTLcDc (in psi) 

2. Compressive strengths are given by the expression: 

f
c " 

pu / Ac (in psi) 

where "Ac" is the measured area of the cylinder. If readings of Dc were 

O 

not made, this value was assumed as 3.14 in . 

3. Flexural Strength "fr" is determined from a modified "Mc/l" equation 

in which the effect of dead weight has been included: 

where "fr 

"f " is r2 

fr = frt + fr2 (
in Psi) 

" is the rupture stress due to the ultimate applied load and 

the stress due to the beam weight. Beams were tested under 
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centerpoint loading with the distance between supports being 18.0 inches. 

Hence Mfr^" is given by: 

fri = <ML)/<S) (in psi) 

where is the live load moment; 

ML = (18) (P)/4 (in lb-in) 

and nSn is the section modulus; 

S = (bc)(dc)
2/(6) (in in3) 

The stress due to dead load is found from: 

fr2 = (in psi) 

where llW^11 is the moment due to dead load and is equal to: 

Md (w)(Lu)2/8 = (40.5)(Wssd)/Lb (in lb-in) 

4. Bond stress as determined by the pull-out test is given by: 

fu = Pu/(*rr XPwXLg) (in psi) 

,5. Ultimate tensile stress or stress at bond failure, in.the wire is 

given by: 

fs = (in psi) 

6. Rate of loading was determined by dividing the ultimate load by 

the time required for. the test. Using the pacer on the Olsen 300,000# 

machine, it was possible to keep the loading rates relatively constant. 

Suggested loading rates of ASTM are: 

Briquets: 600 1" 25 pounds/minute 

Cylinders: .20 - 30 psi/second. 
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Calculations Used in Evaluation of Test Data 

The calculations to follow were used in an effort to statistically 

evaluate the observed results. In general.they can be divided into two 

broad classes; the first describing the properties of the mean strength 

of the batch, and the second describing relationships between the means 

of the entire test. These procedures have been adapted from references 

(2), (6) , (8), and (10) . 

Characteristics of the batch meant 

1. The mean strength of the batch shall be denoted as "x" and it 

If "n" is less than five, further statistical evaluation of the 

mean is felt to be unwarranted. Subsequent terms are:determined 

assuming a normal distribution of the parent population. 

.2. The term " d "denotes the estimated standard deviation from 

the mean. It is found from: 

where "(n-1)" represents the degrees of freedom of the system. 

3. The coefficient of variation is a ratio of,the estimated stand¬ 

ard deviation to the mean and is used to relate testing error 

of different means by reducing their deviations to a common 
i' 

1 

denominator. 

4. The standard deviation is a term used to describe the distance 

between inflection points of the normal.curve, (i.e., "2<S"). 

is determined from: 

n 
x = (^Fxi)/n 

0 - (<5/x) (100) (in %) 
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c. Divide "V(x) " by "(na) " and record as "V(5?a) Divide 

"V(x)11 again by. "(n^) " and record as ,rV(xc) ". These 

quantities represent.the variance of.the individual means. 

d. Now the variance of the difference of two means is the 

sum of the variances of the individual means or; 

.e. The standard deviation of the difference is found from; 

f. Hence the significance ratio of the means is given by: 

Significance ratio = (xa - xc)/ (5 (xa - xc) 

2. The level of significance of the significance ratio of the means 

is the probability of a real .difference existing. Using the 

statistical "t" table, it is possible to estimate this proba¬ 

bility. Entering the table with the significance ratio on 

the line representing the sum of the degrees of freedom, one 

can find two degrees of probability bounding the significance 

ratio. Interpolating, it is possible to estimate the least 

percentage integer, upper bound. This figure has been reported 

as the significance level. Thus, a level of significance of 

5%.indicates that in a 100 future tests, at least 95 will show 

a positive difference between "xa" and "xc
n. 

3. The percentage change in.the mean of a batch containing an 

additive with respect to the mean of the control batch is given 

by; 

V(xa - xc) = V(xa) + V(xc) 

(in %) 
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It theoretically represents the range in which 68% of the test 

results will fall. The apparent mean "x" approaches, the true 

mean "M" as ,,n" becomes infinite. Similarly the estimated stand¬ 

ard deviation approaches the true standard deviation as "n" 

becomes infinite. This is .the reason that the sum of the squares 

of the deviations from the apparent mean is divided by "(n=l) n 

rather than "n". Dividing by the smaller quantity gives a more 

unbiased answer. Where "n" is greater than twenty-five, the 

value "(n-l)" may be replaced by "n". Another estimate that has 

been included is the "5% P" value. Twice this value gives the 

theoretical range in which 95%,of all test results should fall. 

The "5% P" value is found from: 

"5% P" =1.96 <5 

Relations between batch means: 

1. Significance ratio.of the means: In order to test the signi¬ 

ficance of the difference between two means, the following pro¬ 

cedure has been used. In all cases this difference applies to 

a batch containing an additive and the control batch. 

a. Let »xa» be the mean of the batch containing the additive, 

and "XQ" be the mean of the control batch; then "(xa ---x •)" 

is the difference of the means. 

b. Add the sums of the squares of the deviations from the 

mean and divide by the sum of the degrees of freedom. 

•Denote the result by ,,V(x) H: 

V(x) 
(na - 1) .+ (nc - 1) 
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4. The equation for.the "m" line is based on.a least squares 

solution of the best straight line to fit the observed means. 

It is used in this investigation, primarily, to describe the 

relationship between the tensile strength and the percentage 

of fibrous.reinforcement for a particular fiber. The equation 

has the form: 

ft = a + b(r) 

where •’'a", the y-intercept, and "b", the slope, are the un= 

known quantities. Reference (6) contains a detailed explana¬ 

tion of the derivation of the two equations needed to deter¬ 

mine ,,aM and "b". These equations are: 

( fti) = (n)(a) + (^ri)(b) 

and ( ±ftlr£) = ( t *i) (a) + (f^2) (b) 

where: :"n" - total number of batches in test 

"r- the "i-th" percentage of additive 

"f,. " «* the "i-th" bdtch mean 
ci 

5. The equation of the "^" line is simply a reduction of the "m" 

line to a percentage increase over the mean strength of the 

control batch. Here the equation of the line is given by: 

Aft = (c) (r) 

where "c" is determined by dividing."b" by "a". 

-96- 



Appendix C 

BRAZILIAN TENSION TEST 

Two of the tests within this investigation made use of an in¬ 

direct method of tensile strength determination which has been termed 

the Brazilian Tension Test11. As mentioned in the body of the thesis, 

this test was first devised by F. Carneiro, of Brazil, in 1947. 

The formula used in calculating the tensile strength of the test 

cylinder represents an application of the solution to Boussinesq's 

problem, A short derivation of this formula is the subject of this 

appendix. 

Boussinesq’s problem, in brief, was the solution of the stresses 

resulting in a three dimenaional semi-infinite region caused by a 

concentrated load applied normal to the boundary plane. In this 

solution, he assumed that the material was homogeneous and obeyed 

Hooke's law. Flament, in 1892 using Boussinesq's solution found the 

resulting stresses in a corresponding two dimensional system, i.e., 

a semi-infinite plane having a concentrated load normal.to its straight 

boundary line. His result may be applied to a thin plate if we as¬ 

sume a state of plane stress (no stress components normal to the plane), 

Flament's.solution for the stresses at any point in the plate is shown 

Or ” r 

as ^ o 

if© = o 
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This stress distribution may be obtained from the stress function: 

©P © 5 in © 

C2 

0= ~ Y? 

.If a disk of diameter "d" be outlined on the plate so that it 

is tangent to the boundary at the point of application of the concen¬ 

trated load, we have for a state of stress at any point on the peri¬ 

meter of the disk the same quantities as before. The term "cos0/rM 

maybe replaced by the constant "l/d". 

Removing the disk and the concentrated load from the plate, it 

is seen that for the disk to be in equilibrium, the must be mo¬ 

dified so as to satisfy its boundary stress block, the modification 

is determined as follows 

Since 

then 

and equal to q. 

Summing stress in 

"r-direction" we 

find: c£.AB = q.BC 

°e =o 

0*e is coincident 

or q = <^..cos0 

and our isolated disk in .its equilibrium state appears: 

Application of an.equal and opposite concentrated load at point 

B requires that a similar system of "q" forces be applied to the peri¬ 

meter of the disk to maintain equilibrium. 
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Thus, at any point "C" on the boundary of the disk, two stresses 

"qa*1 and ’'qjj" are acting, directed along the:radii-’'r^" and "rjj" as 

shovn.below. Since.these stresses are proportional to their respec¬ 

tive radii,,their resultant.is found from a simple parallelogram of 

forces. This .resultant - is the line "CIV. It can.be seen ..that the 
• p* ’ ' ■ 

. resultant has. a magnitude 

of: 

. 2P  
td 

and is seen to lie on .the 

radius of the disk "R" . 

If to the disk a normal self-equilibrating tensile load is applied 

. of magnitude ”p = (2p/fttd) M,, it., is seen that. the • boundary, becomes free 

of all. stresses.except the two concentrated .loads. The effect on the 

interior stress situation caused by application of "p" to the-bound¬ 

ary, is a hydrostatic state of stress which must be superimposed on 

.the existing.stresses. The magnitude of this, hydrostatic stress is 

"p". The final. state.'of stress in .the :disk is shown below: 

The Brazilian .tension test makes use of the fact that■along, the 

vertical diameter, the horizontal stress is constant and equal.to 

"2p/ittd". A stress block along the vertical diameter, appears as follows: 
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Note that in this derivation the local effect of the concen¬ 

trated load has been neglected. In the actual loading a strip of 

soft material having a finite width is used. This replacement of 

the point load with a distributed load would not change the value 

of "f by more than a few percent if the width of the distribu¬ 

tion is less than "d/10". 
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Appendix D 

TEST RESULTS 

This appendix contains a complete record of the testing performed 

in connection with this investigation. It has been subdivided into five 

sections: 

1) Tension 

2) Compression 

3) Flexure 

4) Bond 

5) Miscellaneous. 

The format used to describe each of the tests reported, will in 

general be of the following nature: 

.1) Preparation procedures 

2) Raw test data 

3) Analyzed data. 

The tests have been presented in chronological order within each 

section and represent the data used in the construction of the graphs 

appearing in the body of the thesis. 

In order to avoid lengthy test descriptions, abbreviated expres¬ 

sions have been employed. These expressions are explained in detail in 

the next few pages. Notations and symbols are as given in Appendix A. 

Sample calculations are found primarily in Appendix B. The derivation 

for tensile strength obtained using Brazilian test is given in Appendix 

C. 
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EXPLANATION OF ABBREVIATED EXPRESSIONS 
D2 

These expressions particularly apply to the "preparation procedures" 

section of the test report format. The procedures have been subdivided 

into six general areas: .materials, proportioning, mixing, placing, cur¬ 

ing, and testing. 

1. Materials: 

a. Cement: The cement used in this investigation was manu¬ 

factured by the Ideal. Cement Company and. was of normal 

(Type I) variety. Before being mixed the cement was 

sifted through a #16 sieve. Total cement requirement 

was slightly less than two sacks: 

#4-180 C70 GlPS LAV 2300 SE 

# 4-180 L90 GlPS LAV 2485 SE. 

Cement used after January 20, 1961, was from sack #(2). 

b. Sand: The majority of tests were made using 40 - 60 mesh 

Ottawa sand and the remainder with either 20 - 30 Ottawa 

or common bank sand. These will be denoted as: 

Ottawa I for 40 - 60 mesh 

Ottawa II for 20 - 30 mesh 

Bank for common bank sand. 

Values for the specific gravities of the cement and sands, 

and for the results of the sieve analysis of the bank sand 

may be found in the miscellaneous section of this appendix. 

c. Water: The mixing and curing water used in these tests was 

of the tap variety except where indicated. 
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d. Additives: In general, the most common .additives were either 

bronze-coated steel wire or. galvanized soft steel wire 

with a diameter.of .roughly. 0.013 inches. Physical charac¬ 

teristics. of these wires can be found in part five of.this 

appendix, bond strengths in part four. Additives will, 

in general, be denoted by their type,.length, diameter, 

. and amount. 

.ex. Additive: Bronze segments, 1”, 0.013?1, 5%. 

2. •Proportioning: All proportions, have been made on a.weight basis. 

Pry quantities being measured to the nearest gram; water to the 

nearest milliter. 

The.term Mix. a;b will indicate that the cement:to sand ratio 

is "a" grams of .cement to "b" grams of sand. 

■The term W/C - c is the decimal ratio of milliters..of water 

(i.e., grams) ..to. the grams of cement. 

The term d% reinforced indicates.the percentage ratio of the 

weight of the fibrous additive to. the total weight of the dry 

materials (cement plus.sand). 

3. Mixing: Batching of materials was done either by hand or mechan¬ 

ically, using the "Model A200 Hobart Mixer,.20 quart capacity" 

(See-Figure #1). 

The-expression Hand Mixed indicates hand mixing in accord¬ 

ance with ASIH Standard C190-58. 

Mech. Mixed I: indicates mixing performed generally, in accord¬ 

ance with.the provisions.of ASTM Standard C305-58T but with 
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an additional thirty second interval included at low speed 

for adding the fibrous material. 

Mech. Mixed II indicates mechanical mixing of the following 

nature: 

Materials dry mixed - 3 minutes - low speed 

Materials wet mixed - 3 minutes - medium speed 

4. Placing: 

a. Molds: Molds were precoated with either a light grade 

oil "G" or petroleum "P". 

b. Filling: 

(1) Briquet molds were filled in two layers, each 

layer being tamped twelve times with a one-inch 

diameter flat-headed rod and the top layer struck 

off with a flat steel blade. 

(2) Cylinders were filled in three layers, each layer 

being rodded twenty-five times with a one-quarter 

inch round-headed rod. The top layer was struck 

off with a flat steel blade. 

(3) Beam forms were filled in three layers, each layer 

being tamped forty-eight times with a flat-ended 

hard wood stick.of a three-quarter by two inch 

cross-section. 

c. Mechanical Compaction was performed using the Syntron 

Electric Vibrator, Model VP 30, (see Figure #2). Molds 

subjected to mechanical compaction were presealed with 

paraffin to prevent leakage. Molds were attached to 
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vibrator using tie-down board. 

The notation Compaction t min indicates a vi¬ 

brator setting of for a period of time of "t" 

minutes. Amplitude values for various settings are 

t min indicates a vi- 

given in the miscellaneous, section of this appendix. 

5. Curing; Under this heading will be found data as to the 

batching and curing temperatures, the average total and water- 

cured age of each batch, and an estimate of the Fahrenheit- 

hours of water immersion, "H". 

The more intervals in this expression indicates a probable 

increase in the accuracy of the estimate. 

6. Testing: The majority of testing was performed using the 

300,000#.Olsen "Deluxe Super L" Type Hydraulic Universal 

Testing Machine. This will be denoted as Olsen 300000#. 

Specimens utilizing the Electronic Dual Range Load Cell are 

denoted by a suffix -LC600. Specimens utilizing the 6000# 

and the 60000# ranges are denoted by the suffixes -R6000 

and -R60000 respectively. This machine was also equipped with 

a load pacer so that a constant rate of load could.be main¬ 

tained. A 100% setting indicates a pace such that the full 

scale range would be traversed in one minute. Other settings 

possible;vary from 100% down, the lower settings being some¬ 

what less accurate. The pacer setting will be denoted with 

a second suffix as -Pp% where "p" indicates the per cent of 
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of maximum. Photographs of the machine and load cell are included 

as Figures #3 and #4. 

Earlier testing on briquets was performed using a 1000# Olsen 

Hydraulic Briquet Machine (vintage 1920). This shall be denoted 

as Olsen 1000#. The hydraulic system was replaced with a mer¬ 

cury lever system in order to improve the rate of loading. Tests 

performed with this improvement are denoted as Olsen 1000# MOD. 

One compression test was made using the Riehle 60000# Universal 

Hydraulic Machine. The machine was equipped with a throttle to 

give a specified rate of strain up to 1.25 inches per minute. 

This machine is denoted by Riehle 60000#. 

Bond and ultimate strength tests on the bronze and galvanized 

wire were made using a simple laboratory-constructed apparatus 

shown on Figure #5. 

Capping of cylinders for-compression testing was accomplished 

using a sulfur compound. 
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TENSION TEST #1 

Purpose; To study the effect of chopped steel wool on the tensile 

strength of mortar. 

Performed: September 4,.1960 

Batches: 3 Batch A - 6 control briquets 
Batch B - 6 specimens, 0.41% 

reinforced 
Batch C - 6 specimens, 0.82% 

reinforced 

Mix: 1:2 Materials: Cement  400g 
Sand (Bank)    800g 

W/C: 0.45 Water . . .   180ml 
Additive.    5g 

Additive; Steel Wool, chopped, 0.5" max, Grade 0000,000, and 00 

mixed, 0.41 and 0.82% 

Mixing: Hand Molds: 0 

Compaction: None 

Curing: No temperature or times recorded; specimens kept in moist 

closet twenty-four hours then immersed in water until 

tested. Specimens dried one hour before testing. 

Half of each batch tested at three days, the remainder at 

seven days. 

Testing: Olsen.1000# 

Comment: Material after being chopped retained high affinity between 

• segments. Chopped fibers tended to appear in clumps and 

remained this way after mixing. Cement failed to penetrate 

clumps and thus weak spots arose in hardened material. 
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TENSION TEST #1 
D8 

Observed Test Data: 

Specimen ffc (nominal) 
,Number 3 days 7 days 

Batch A - 1 630 
2 555 
3 635 
4 552 
5 613 
6 560 

Means 607 575 

Batch B - 7 568 
8 550 
9 633 

10 632 
11 570 
12 470 

Means 584 557 

Batch C -13 445 
14 488 
15 406 
16 592 
17 457 
18 650 

Means 446 572 

R (#/min): 1500-2000 450-750 

Analyzed Data: 

Low value of Mn" and highly varying "R" reduce the value of a 

statistical analysis, hence only a listing on the means appear. 

BATCH 

A B C 

x (psi) 607 584 446 
(3 days) 

X (psi) 575 557 572 
(7 days) 
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TENSION TEST #2 

Purpose: To study the effect of short wire segments on the tensile 

strength of mortar. 

.Performed; September.il, 1960 

.Batches: 2 Batch A ° 6 control specimens 

Batch B - 6 specimens, 3% reinf. 

.Mix: 1:3 Materials: Cement ...... .... . 300g 

. Sand (Bank).... .... . .900g 

„W/C: Water   158ml 

. Additive . . ... . . . . 36g 

Additive: .Slightly.rusted tag wire, 0.375",:0.018", 3% 

Mixing: Hand Molds: 0 

Compaction: None 

Curing: No. temperatures recorded. 

Batch ^T 
(days) (days) 

A 2.87 2 

B 2.83 2 

Testing: Olsen..1000#. (tested saturated surface dry) 
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TENSION .TEST #2 

Observed Test Data: 

Specimen R ft 
Number lbs./min lbs. 

Batch A - 19 624 280 
20 641 288 
21 676 303 
22 664 304 
23 559 304 
24 618 294 

Means 630 296 

Batch B - 25 778 322 
26 735 315 
27 710 320 
28 634 353 
29 660 323 
30 575 338 

Means 682 329 

Analyzed Test Data: 

Batch Summary: 

Statistic Batch 
A B 

r (%) 0 3 
n 6 6 

x (lbs) 296 329 

a (lbs) 10.0 14.5 

0 (%) 3.36 4.40 

5% P (lbs) 19.6 28.4 

Test Summary: 3/8" tag wire segments 

1. Reinforced specimens exhibited an increase in tensile 
strength of 11.1%. 

2. Significance ratio of the means was 4.66 or significant 
: to the 1% level. 

3. Equation of the "m" line: ft = (296) + (11.0)(r) 
4. Equation of the line: .Aft = (3.72) (r) 
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TENSION TEST #3 

Purpose: To survey the effect on the tensile strength of mortars, 
containing wire segments of varying lengths, diameters, 
properties. 

Performed; .October. 7,1960 

Batches: 9 Specimens per Batch: 3 

Mix: 1:3 Materials: Cement . . . . . . . 150g 
Sand (Ottawa II) . . 450g 

W/C: 0.533 Water 80ml 
Additive (1%).... 6g 

Additives: (1) Galv. segments; 1"; 0.014"; 1, 3 and 5% 
(2) Galv. segments; %"; 0.0128"; 1, 3 and 5% 
(3) Piano Wire; 3/4"; 0.031; 2% 

Batch Identifjcation; 

Batch A - Control 
Batch B - Additive (1), 1% 
Batch C - Additive (1), 3% 
Batch D - Additive (1), 5% 
Batch E ,- Control 

Mixing: Hand 

Compaction: None 

Batch ¥ - Additive (2), 17. 
Batch G - Additive (2), 3% 
Batch H - Additive (2), 5% 
Batch J - Additive (3), 2% 

Molds: 0 

Curing: 

^mw 
(°F) (°F) 

A 73.8 81.3 
B 78.7 81.3 
C 79.0 81.4 
D .80.0 - 

;E 80.0 81.3 
F 80.0 80.8 
G 79.5 80.5 
H 79.2 80.4 
J 78.8 80.3 

T (Mixing) = 81.0°F 
Tr (Immersion) = 80.2°F 

CT 
(days) 

StfC 
(days) 

7.00 6.34 
7.01 6.37 
7.04 6.42 
7.03 6.43 
7.03 6.45 
7.04 6.48 
7.03 6.47 
7.03 6.48 
7.04 6.50 

Tc » 79.0 °F 

H » 12170°F'»hr (three readings) 

Testing: Olsen 1000# MOD (tested wet) 
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TENSION TEST #3 

Observed Test Data: 

Specimen dt R ft 
Number (lbs) (in) (lbs/min) (lbs/in) 

Batch A - 31 379 1.02 670 373 
32 307 1.02 502 300 
33 320 1.02 555 . 313 

Means 576 329 

Batch B - 34 374 1.03 691 364 
35 387 1.03 478 375 
36 384 1.02 568 375 

Means 579 371 

Batch C - 37 395 1.03 382 
38 448 1.04 468 434 
39 385 1.03 488 373 

Means 478 396 

Batch' D - 40 412 1.05 mt 394 
41 386 1.04 604 371 
42 420 1.05 644 .400 

Means 624 388 

Batch E 43 363 1.04 724 349 
44 307 1.03 502 298 
45 315 1.03 592 305 

Means 606 317 

<Batch P - 46 302 1.03 715 294 
47 318 1.03 595 309 
48 348 1.03 675 336 

Means 662 313 

Batch G - 49 343 1.01 631 339 
50 327 1.03 554 319 
51 385 1.03 574 373 

Means 586 344 

Batch H - 52 472 1.03 584 458 
53 437 1.04 663 419 
54 383 1.03 372 

Means 624 416 

Batch J 55 355 1.03 621 345 
56 348 1.03 595 338 
57 337 1.02 574 332 

Means 597 338 
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TENSION TEST #3 

Analyzed Data: 

1" Galvanized Segments: 

Statistic Batch 
A & E B C D 

r (7.) 0 ,i 3 5 

n 6 3 3 3 

X (lbs/in) 323 371 396 388 

(7.) - 14.9 22.9 20.1 

Equation of "m" line: f = (336) + (13.7)(r) 
Equation of " line: A*t = (A.07) (r) 

,%" Galvanized Segments: 

Statistic Batch 
A & E F G H. 

r (7.) 0 1 3 5 

n 6 3 3 3 

X (lbs/in) 323 313 344 416 

Aft (%) - “3.1 7.1 28.8 

Equation of"m" line: ft = (312) + (17.7)(r) 
Equation of " line: Aft - (5.66) (r) 

3/4" Piano Wire Segments: 

Statistic Batch 
A & E J 

r (7.) 0 2 

6 3 

X (lbs/in) 323 338 

Aft (7.) 4.7 

Equation of "m" linn: ffc - (323 + (7.5) (r) 
Equation of " line: Affc - (2.32)(r) 
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TENSION TEST #4 

Purpose: To study the variation in tensile strength of mortars 

containing different percentages, of fibrous reinforce¬ 

ment under mechanical compaction. 

Performed: October 22 s 

Batches: 3 

1960 

Mix: 1:3 

W/C: 0.45 

Batch A - 9 control specimens 

Batch B - 9 specimens, 2.5% reinf. 

Batch C - 9 specimens, 5.0% reinf. 

Materials: Cement . . . . . . . . . 450g 

Sand (Ottawa II) ... . .1350g 

Water    204g 
Additive (for 2.5%). . . 45g 

Additive; Galv. segments, 1", 0.0128", 2.5 and 5.0% 

Mixing: Mech II 

Compaction: ^^5min.: 

Curing: 

Batch Data: 

Molds: P 

o 1 min 

Batch 
^r 
(op) 

T 
(OF) (op) 

*"T 
(days) 

,jWC 
(days) 

A 77.0 77.5 82.0 7.21 5.94 
B 77.0 79.0 91.0 7.13 5.99 

C 77.0 78.0 85.0 7.10 6.02 

Curing Water: 

Tc = 75.9 °F 

H = 10,800 °F-hr (2 readings) 

Testing: Olsen .300,000# - LC600 - P100% (tested wet) 

Comment: Vibration of briquet molds containing one-inch fibers 
indicated that segments located near walls of mold tended 

to orient themselves vertically. In attempting to achieve 

a flat surface while striking off molds, considerable dis¬ 
turbance of material occurred. Sides of specimens con¬ 
tained large pores. 
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TENSION-TEST.#4 

Observed Test Data: 

Specimen R ft 
Number (lbs/min) (lbs) 

Batch A -58 546 409 
59 - 376 
60 .508 362 
61 570 448 
62 562 397 
63 431 
64 534 416 
65 518 385 
66 507 400 

Means 535 403 

Batch B - 67 575 428 
68 587 464 
69 .540 353* 
70 547 427 
71 520 404 
72 607 447 
73 566 378 
74 577 417** 
75 603 436 

Means 569 417 

Batch C - 76 576 488** 
77 534 435 
78 537 375 
79 585 446 
80 581 431** 
81 614 428 
82 584 368* 
83 594 459 
84 548 536 

Means 573 441 

* Broke near upper third point 
** Broke near lower third point 

No measurements o£ briquet thickness at break were made for this 

test. 
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TENSION TEST #4 

Analyzed Test Data: 

Batch Summary: 

Statistic Batch 
A B C 

r (%) 0 1 2 

n 9 9 . 9 

X (lbs) 403 417 441 

d (lbs) 26.9 34.4 51.9 

0 (%) 6.68 8.25 11.74 

5% F (lbs) 52.7 67.5 101.7 

Test Summary: 

1. For a 1" galvanized segment, percentage increases of 
reinforced specimens over control specimens were: 

2.5% reinforced 3.5% increase 
5.0% reinforced - 8.6% increase 

2. Equation of "m" line: 

ft = (401) + (7.62) (r) 

3. Equation of line: 

Affc = <1.89((r) 
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TENSION TEST #5 

Purpose: To study the effect on the tensile strength of mortar 
for a linear variation in the amount of fibrous rein¬ 
forcement. 

Performed: December 2 and 3, I960 

Batches: 6 . Batch A - 9 specimens, control 
Batch B .= 9 specimens, 2.25% reinf. 
Batch C - 9 specimens, 4.50% reinf. 
Batch D - 9 specimens, 1.125% reinf. 
Batch E “ 9 specimens, 3.375% reinf. 
Batch F - 9 specimens, 5.625% reinf. 

Mix: 1:2.56 Materials: Cement . ....... . 450g 
Sand (Ottawa I). . . ... .1150g 

W/C: 0.55 Water .... . . . .... 248ml 
..Additive (1.125%).   36g 

Additive: Bronze-coated segments; 3/4"; 0.013"; 1.125%, 2.25%, 
3.375%, 4.50%, 5.625% 

Mixing: Mech I Molds: 0 

Compaction: None 

Curing: (Batches A, B, & C made on 12/2, the remainder on .12/3) 

Batch ^mw 
nm 

tT ^wc 
(°F) (°F) (days) (days) 

A 73.3 - 6.73 5.98 
B 75.8 72.3 6.73 5.98 
C 75.0 72.2 6.76 6.02 

D 76.5 .. 7.01 6.27 
E 75.5 - 7.02 6.28 
F 74.5 “ 7.03 6.29 

for 12/2 Tc = 72.9°F 

H = 10490 °F-hr 

for 12/3 Tc = 72.7 °F 

H = 10960 °F-hr 

Testing: Olsen 300,000# - LC600 - P100% (tested wet) 
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TENSION :TEST #5 
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Observed Test Data: .(December 3, 1960) 

Specimen Pu 

Number (lbs) 

Batch D - 112 456 
113 445 
114 436 
115 496 
116 481 
117 411 
118 470 
119 473 
120 475 

Means 

Batch E 121 455 
122 442 
123 223 
124 467 
125 478 
126 448 
127 448 
128 496 
129 491 

Batch F - 130 467 
.131 481 
132 507 
133 459 
134 530 
135 362 
136 493 
137 500 
138 553 

* Value not used in analysis 

ut 
(in) 

JK. 

(lbs/min) 
*t 

(lbs/in) 

1.00 595 456 
1.01 590 445 
1.03 584 423 
1.01 598 491 
1.01 598 476 
1.01 590 407 
1.02 608 460 
1.03 594 459 
1.01 597 470 

595 454 

1.02 596 446 
1.02 584 433 
1.02 218* 
1.00 585 467 
1.01 606 474 
1.01 594 444 
1.01 591 444 
1.02 598 486 
1.02 595 481 

594 459 

1.00 585 467 
0.99 575 486 
1.00 599 507 
1.00 589 459 
1.01 592 525 
1.02 570 355* 
1.00 595 493 
1.01 604 495 
1.00 592 553 

589 498 
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TENSION TEST #5 

Observed Test Data; (December 2, I960) 

Specimen ,*U dt R ft 
Number (lbs) (in) (lbs/min) (lbs/in) 

Batch A ° 85 418 0.99 595 423 
86 409 1.01 545 405 
87 397 1.01 575 393 
88 .435 1.02 573 426 
89 392 1.01 596 388 
90 451 1.01 581 446 
91 402 1.02 560 394 
92 410 1.02 565 402 
93 .428 1.01 602 424 

Means 577 411 

Batch B - 94 407 1.00 577 407 
95 426 0.99 584 430 
96 446 1.00 604 446 
97 480 1.01 590 475 
98 457 1.00 598 457 
99 432 -1.00 615 432 

100 469 1.00 592 469 
101 478 0.99 666 484 
102 222 1.01 - 220* 

Means 603 450 

Batch C - 103 499 0.99 668 504 
104 453 1.00 596 453 
105 412 1.00 646 412 
106 493 1.00 584 493 
107 474 1.00 575 474 
108 517 1.01 622 512 
109 502 0.99 604 507 
110 440 1.00 586 440 
111 558 1.00 587 ,558 

Means 608 484 

* Value not used in analysis 
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D21 

TENSION TEST #6 

Purpose; :To study the effect on the tensile strength of mortar 
containing fibrous reinforcement at curing ages of seven, 
fourteen, and twenty-eight days. 

Performed: .December 5 and 6, 1960 

Batches: 6 Batch A- 9 specimens, 
Batch B - 9 specimens, 
Batch-C - 9 specimens, 
Batch D - 9 specimens, 
Batch E - 9 specimens, 
Batch F - 9 specimens, 

Mix; 1:3 Materials: Cement . . . . . . ... . . 450g 
Sand (Ottawa I). . . . ... 1350g 

W/C: 0.55 Water ... . .... . . . 248ml 
Additive .     36g 

Additive; Bronze-coated segments; 3/4"; 0.013"; 2% 

control 
2% reinf. 
2% reinf. 
2% reinf. 
control 
control 

Mixing: Mech I Compaction: None Molds: 0 

Curing: (Batches A, B, & C made on.; L2/5, the remainder on .12/6) 

Batch Tmw Tm 
t T (days) tew (days) 

(°F) (°F) i 14 28 l 14 28 

A ■ 75.8 77.2 7.07 14.85 28.05 6.07 13,85 27.05 
B ,75.3 75.8 7.06 14.84 28.04 6.06 13.84 27.04 
C 75.0 76.2 7.04 14.83 28.03 6.04 13.83 27.03 

D 76.5 7.06 14.82 27.88 6.06 13.82 26.88 
E 76.2 76.7 7.04 14.79 27.89 6.04 13.79 26.89 

' F 75.2 . « 7.02 14.77 27.86 6.02 13.77 26.86 

12/5 12/6 Average 

H
I O

 

days 70.2 69.7 70.0 (3)* 
.14 days 69.3 69.0 69.2 (6) 
28 days 68.9 68.8 68.9 (6) 

H (°F-hr) 7 days 10200 10100 10150 
14 days 23010 22830 22920 
28 days 44750 44350 44550 

* indicates number of temperature readings 

Testing: .Olsen 300,000# (tested wet) 
Seven and fourteen days - LC600 - P100% 
Twenty-eight days - R6000 - P 10% 
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TENSION TEST #6 

Observed Test Data: 

Specimen 
Number 

Pu 
(lbs) 

dt 
(in) 

R 
(lbs/min) (lbs^in) 

SEVEN DAYS 

Batch A - 139 339 1.04 588 326 
142 407 1.03 632 395 
145 365 1.02 619 358 

Batch E - 175 409 1.01 .591 405 
178 399 1.02 613 391 
181 383 1.01 605 379 

Batch F = 184 346 1.01 600 343 
187 343 1.00 578 343 
190 387 1.02 564 379 

Means 599 369 

Batch B - 148 407 1.01 576 403 
151 387 1.02 604 379 
154 384 1.00 596 384 

Batch C - 157 350 1.01 596 346 
160 327 1.02 596 321 
163 419 1.01 600 415 

Batch D - 166 377 1.01 608 373 
169 452 1.00 601 452 
172 403 1.01 583 399 

Means 596 386 

FOURTEEN DAYS 

Batch A - 140 406 1.03 394 
143 456 1.03 520 .443 
146 452 1.02 603 444 

Batch E - 176 401 1.01 595 397 
179 459 1.01 626 455 
182 483 1.01 638 478 

Batch F - 185 388 1.01 384 
188 478 1.01 598 473 
191 498 1.01 595 493 

Means 596 440 
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TENSION TEST #6 

D23 

Observed Test Data: .(continued) 

Specimen ?u dt ■ R ft 
Number (lbs) (in) (lbs/min) (lbs/in) 

FOURTEEN DAYS (continued) 

Batch B - 149 495 1.03 - 481 
152 490 1.01 620 485 
155 469 1.00 606 469 

Batch C - 158 486 1.02 551 476 
161 458 1.01 554 454 
164 446 1.02 - 437 

Batch D - 167 497 1.02 560 487 
170 442 1.01 571 438 
173 455 1.01 645 450 

Means 587 464 

TWENTY-EIGHT DAYS 

Batch A - 141 440 1.03 541 427 
144 491 1.05 566 467 
147 462 1.05 411 440 

Batch E =177 410 1.02 571 402 
180 427 1.01 595 423 
183 477 1.01 610 472 

Batch F - 186 422 1.02 545 414 
189 423 1.01 638 419 
192 411 1.01 631 407 

Means 568 430 

Batch B = 150 425 1.02 741 416 
153 523 1.01 645 518 
.156 458 1.01 - 454 

Batch C - 159 472 1.01 653 468 
162 483 1.03 606 469 
165 455 1.01 560 450 

Batch D = 168 490 1.01 705 485 
171 545 1.01 573 540 
174 406 1.00 619 406 

638 467 
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TENSION TEST #7 

Purpose: To study the effect on the tensile strength of mortar 
containing fibrous reinforcement of varying lengths. 

Performed: December 7 and 8, 1960 

Batches: 6 Batch A = 9 specimens, control 
Batch B = 9 specimens, 2% reinf., 1" segments 
Batch C = 9 specimens, 2% reinf., 1%" 
Batch D - 9 specimens, 2% reinf., %" 
Batch E - 9 specimens, 2% reinf., 3/4" 
Batch F - 9 specimens, 2% reinf., 1%" 

Mix: 1:3 

W/C: 0.55 

Materials: Cement . . . . . . . . . . 450g 
Sand (Ottawa -I).... . . . . 1350g 
Water .     248ml 
Additive     . . 36g 

Additive: Bronze-coated segments, %, 3/4, 1, 1^, 1%"; 0.013"; 2% 

Mixing: Mech I Molds: 0 

Compaction: None 

Curing: Batches A, B, and C made on 12/7; the remainder on 12/8. 

Batch ^mw Tm tT Ccw 
(°F) (oF) (days) (days) 

. A .72.6 74.5 7.21 6.15 
B 72.0 73.2 7.22 6.15 
C 74.0 74.5 7.21 6.14 

D 72.4 72.2 7.68 6.63 
E 72.0 71.0 7.69 6.63 
F 72.4 71.8 7.68 6.62 

12/7 12/8 Average 

Tc (°F) 69.3 68.9 69.1 
H (°F-hr) 10240 10960 10600 

(Six curing temperature readings made) 

Testing: Olsen 300,000# » LC600 -P100% (tested wet) 
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TENSION TEST #7 
D26 

Observed Test Data: 

Specimen Pu 

Number (lbs) 

Batch A - 193 349 
194 372 
195 357 
196 397 
197 392 
198 403 
199 253 
200 363 
201 400 

Means 

Batch B - 202 375 
203 410 
204 372 
205 408 
206 451 
207 398 
208 425 
209 424 
210 352 

Means 

Batch C - 211 406 
212 410 
213 396 
214 348 
215 424 
216 482 
217 333 
218 466 
219 478 

Means 

t\ (in) 
R 

(lbs/min) (lbs^in) 

1.00 572 349 
1.00 610 372 
1.00 607 357 
1.02 617 389 
1.01 582 388 
1.01 622 399 
1.01 566 250* 
1.01 603 359 
1.01 600 396 

598 376 

1.02 582 368 
1.02 619 402 
1.00 561 372 
1.02 625 400 
1.00 - 451 
1.00 600 398 
1.00 615 425 
1.00 610 424 
1.01 607 349 

602 399 

1.02 588 398 
1.02 605 402 
1.01 610 392 
1.00 582 348 
1.00 595 424 
1.00 581 482 
1.02 584 326 
1.01 649 461 
1.02 593 468 

599 411 

* Value not included in analyzed data 
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TENSION TEST #7 

Observed Test Data; (continued) 

Specimen ?u dt ■ R ft 
Number (lbs) (in) (lbs/min) (Ibs/in) 

Batch D - 220 383 1.01 a 379 
221 434 0.99 581 438 
222 409 1.01 595 405 
223 434 1.02 612 425 
224 390 ,1.03 580 379 
225 442 1.01 595 437 
226 383 1.00 616 383 
227 381 1.00 610 381 

.228 398 1.00 398 
Means 598 403 

Batch E - 229 368 1.01 581 364 
230 434 1.00 595 364 
231 350 1.01 578 347 
232 412 1.00 586 412 
233 400 1.01 565 396 
234 404 1.01 598 400 
235 395 1.01 616 391 
236 418 1.02 599 410 
237 383 1.01 617 379 

Means 593 393 

Batch F - 238 327 1.01 588 324 
239 461 1.02 599 452 
240 385 1.02 634 377 
241 403 1.02 600 395 
242 458 1.02 615 449 
243 388 1.02 615 380 
244 410 1.02 594 402 
245 478 1.03 = 464 
246 373 1.02 585 366 

604 401 
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D29 

TENSION TEST #8 

Purpose; To study the effect produced by variation in the amount 

of fibrous reinforcement on the tensile strength of mortar. 

Performed: January 16, 17, and 18, 1961 

Batches: .27 Specimens per batch: 3 

Materials: Cement . . 150g 
Sand (Ottawa I). . . 450g 

Water  86.5ml 
Additive . . (1%). . 6g 

Additive: Bronze-coated segments; ,0.013"; 0 thru 8% @ interval of 

1% 

Batch Identification: 

Batch Al, A2, A3 - 3 specimens, control 
Batch Bl, B2, B3 - 3 specimens, 1% reinf. 

Batch Cl, C2, C3 - 3 specimens, 2% reinf. 

Batch Dl, D2, D3 - 3 specimens, 3% reinf. 

Batch El, E2, E3 = 3 specimens, 4% reinf. 

BatchFl, F2, F3 - 3 specimens, 5% reinf. 
Batch Gl, G2, G3 - 3 specimens, 6% reinf. 

Batch Hi, H2, H3 - 3 specimens, 7% reinf. 

Batch Jl, J2, J3 - 3 specimens, 8% reinf. 

(numbers following batch letter indicate day mixed) 

Mixing: .Mech I Molds: P 

Compaction: None 

Curing: See next page 

Testing: Olsen 300,000# - LC600 - P100% (tested wet) 

Mix: 1:3 

W/C: 0.575 
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TENSION TEST #8 

Curing: Batch listing indicates order mixed for particular day. 

Batch Tmw •^m t«ji ^wc 
(°F) (°F) (days) (days) 

Record for 1/16 
A1 70.0 65.9 6.94 5.94 
Bl 68.5 64.2 6.93 5.93 
Cl 69.2 66.4 6.93 5.93 
D1 69.8 66.7 6.92 5.92 
El 70.8 67.4 6.92 5.92 
FI 71.0 68.4 6.90 5.90 
Gl 70.3 67.6 6.89 5.89 
HI 70.9 66.8 6.88 5.88 
J1 71.2 

Tc = 66.3 °F 
H = 9400 °F-hr 

(7 readings) 

6.88 5.88 

Record for 1/17 
D2 72.2 70.8 6.95 5.95 
E2 71.8 69,2 6.97 5.97 
F2 71.8 68.9 6.96 5.96 
G2 71.4 69.2 6.95 5.95 
H2 71.2 68.8 6.95 5.95 
J2 70.8 68.5 6.94 5.94 
A2 70.8 68.2 6.90 5.90 
B2 70.8 68.4 6.83 5.83 
C2 71.2 68.3 6.91 5.91 

T = 66.6 °P (7,readings) 
H = 9480 °F-hr 

Record for 1/18 
G3 74.2 77.2 7.05 6.05 
H3 75.9 74.2 7.04 6.04 
J3 75.5 74.4 7.04 6.04 
A3 75.2 73.8 7.03 6.03 
B3 75.8 73.8 7.02 6.02 
C3 75.8 73.9 7.02 6.02 
D3 75.2 73.5 7.01 6.01 
E3 75.7 73.8 7.01 6.01 
F3 75.8 73.2 7.00 6.00 

T - 66.6 °F (7.readings) 
H = 9620 °F- •hr 

Average for.test 

Tc = 66.4 °F 
H = 9500 °F-hr 
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TENSION TEST #8 

D31 

Observed Test Data: 

Specimen Wad pu dt R ft 
Number (g) (lbs) (in) (lbs/min) (lbs/in) 

Batch A1 = 247 133.3 307 1.00 555 307 
248 131.3 328 0.99 581 331 
249 133.6 313 1.00 566 313 

Batch A2 ~ 292 129.0 247 0.98 585 252 
293 130.3 256 1.00 605 256 
294 128.4 293 0.99 614 296 

Batch A3 - 310 132.8 341 0.99 587 .344 
311 133.1 336 1.00 576 336 
312 133.2 260 0.99 580 262 

Means 131.7 583 300 

Batch B1 “ 250 135.8 307 1.00 592 307 
251 134.9 295 0.99 550 298 
252 135.4 324 0.99 630 328 

Batch B2 - 292 128.5 244 1.01 611 242 
296 130.4 278 0.99 605 281 
297 131.1 279 0.98 607 285 

Batch B3 - 313 133.9 303 1.00 568 303 
314 133.5 326 0.99 575 330 
315 133.4 325 0.99 575 328 

133.0 590 300 

Batch Cl - 253 135.8 293 1.00 679 293 
254 136.1 299 1.01 631 296 
255 135.5 347 1.00 656 347 

Batch C2 r 298 132.2 317 1.00 613 317 
299 132.4 291 1.00 606 291 
300 128.5 278 1.01 586 275 

Batch C3 - 316 131.5 311 0.99 576 314 
317 131.9 328 1.00 592 328 
318 132.9 368 1.00 605 368 

Means 133.0 616 314 
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TENSION TEST #8 

Observed Test Data; (continued) 

Specimen Wad Pu dt R 
Number (g) (lbs) (in) (lbs/min) (lbs/in) 

Batch Dl - 256 134.9 380 0.99 607 384 
257 135.8 372 0.99 714 376 
258 135.8 306 1.01 656 303 

Batch D2 - 274 132.1 216 1.01 214 
275 133.5 310 1.01 549 307 
276 133.1 229 1.01 - 226 

Batch D3 - 319 131.3 351 1.00 593 351 
320 132.1 302 0.99 579 305 
321 131.6 293 0.99 600 296 

Means 133.4 611 307 

Batch El - 259 136.1 315 0.99 604 318 
260 136.2 335 0.99 582 338 
261 136.1 305 1.00 600 305 

Batch E2 - 277 135.2 227 1.02 564 223 
278 135.4 293 1.01 512 290 
279 132.1 232 1.01 595 230 

Batch E3 - 322 133.2 282 1.00 586 282 
323 133.6 395 1.00 611 395 
324 134.7 420 0.99 612 424 

Means 135.0 585 312 

Batch FI - 262 134.2 317 1.01 554 314 
263 133.2 275 0.99 577 278 
264 133.5 291 1.00 536 291 

Batch F2 - 280 136.0 309 1.00 613 309 
281 137.1 314 1.02 596 308 
282 134.8 304 1.01 582 301 

Batch F3 - 325 136.9 286 1.02 566 280 
326 136.1 310 1.00 627 310 
327 133.7 331 1.00 585 331 

Means 135.1 582 302 



TENSION TEST #8 

D33 

Observed Test Bata: .(continued) 

Specimen Wad 
Number (8) 

Batch Gl - 265 134.7 
266 136.3 
267 133.6 

Batch G2 - 283 136.2 
284 137.1 
285 137.0 

Batch G3 - 301 139.5 
302 135.7 
303 140.8 

Means 136.8 

Batch HI - 268 135.7 
269 136.7 
270 135.5 

Batch H2 - 286 136.8 
287 136.1 
288 135.2 

Batch H3 - 304 139.3 
305 139.0 
306 139.1 

Means 137.0 

Batch Jl - 271 138.0 
272 138.1 
273 137.1 

Batch J2 - 289 136.0 
290 138.3 
291 134.5 

Batch J3 - 307 139.8 
308 139.9 
309 138.8 

Means 137.8 

dt R 
ft 

(in) (lbs/min) (lbs/in) 

1.00 578 346 
1.00 585 308 
1.00 591 358 
1.00 589 275 
.0.99 604 301 
1.00 616 314 
1.01 585 304 
1.02 582 320 
1.02 618 417 

594 327 

1.01 620 ,404 
1.00 598 358 
1.00 604 300 
1.00 628 255 
1.00 607 300 
1.00 589 290 
1.02 592 297 
1.01 582 323 
1.02 579 356 

600 320 

1.01 602 324 
1.01 639 399 
1.02 630 351 
0.99 617 313 
1.00 591 355 
1.01 596 301 
1.01 588 313 
1.01 575 291 
1.00 590 392 

603 338 

*u 
(lbs) 

346 
308 
358 
275 
298 
314 
307 
.326 
425 

408 
358 
300 
255 
300 
290 
303 
326 
364 

328 
403 
356 
310 
355 
304 
316 
294 
392 
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TENSION TEST #9 
D35 

Purpose: To study the effect of variations in the type, length, 
and amount of fibrous reinforcement on the tensile 
strength of mortar using the "Brazilian" test method. 

Batch A - 3 control cylinders 
Batch B - 3 cylinders, 3% reinf., additive (la) 
Batch C - 3 cylinders, 3% reinf., additive (lb) 
Batch D - 3 cylinders, l%7o reinf., additive (la) 
Batch E - 3 cylinders, 3% reinf., additive (2a) 
Batch F - 3 cylinders, 3% reinf., additive (2b) 

Materials: Cement   .... 500g 
Sand (Ottawa I) . . . . . . . . 1500g 
Water  250ml 
Additive . . (3%)  60g 

Galv. segments; 0.0128"; 1% and 3% 
(a) %" 
(b) 1" 

Bronze-coated segments; 0.013"; 3% 

(a) %" 
(b) 1" 

Performed: February 19, 1961 

Batches: 6 

Mix: 1:3 

W/C: 0.50 

Additives: (1) 

(2) 

Mixing: Mech I 

Compaction: o 5 minutes 

Curing: 

Batch Tr Tmw 
(°F) (°F) 

A 72.2 71.8 
B 72.2 74.3 
C 72.2 73.6 
D 72.2 74.4 
E 71.7 73.8 
F 72.0 73.0 

Molds: P 

Tm tT tcw 
(°F) (days) (days) 

73.8 6.82 6.00 
73.4 6.83 6.00 
74.5 6.84 6.01 
73.6 6.84 6.01 
73.8 6.84 6.02 
74.0 6.91 6.09 

Tr (at immersion) = 68.4 °F 

Tc = 71.0 °F (6 readings) 
H = 10260 °F-hr 

Testing: Olsen 300,000# - R60000 - P 5% (tested SSD) 

Comment: See Appendix "C" for an explanation of the Brazilian 
test method. 
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TENSION TEST #9 
D36 

Observed Test Data: (Density study) 

Specimen Wad vc, fad 3 
Number (8) (cm3) (g/cm3) 

Batch A - 328 458.9 206.0 2.23 
329 456.9 205.7 2.22 
330 456.0 204.9 2.23 

Mean 2.23 

Batch B - 331 464.1 204.2 2.27 
332 468.1 206.3 2.27 
333 465.1 204.9 2.27 

Mean 2.27 

Batch C - 334 465.3 205.4 2.27 
335 468.6 207.2 2.26 
336 469.6 205.9 2.28 

Mean 2.27 

Batch D - 337 .462.0 205.3 2.25 
338 463.8 206.7 2.24 
339 460.4 205.1 2.24 

Mean 2.24 

Batch E - 340 466.9 205.1 2.28 
341 467.8 206.1 2.27 
342 465.4 204.4 2.28 

Mean 2.28 

Batch F - 343 468.4 205.9 2.27 
344 471.8 206.8 2.28 
345 468.3 205.6 2.28 

Mean 2.28 
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TENSION TEST #9 
D37 

Observed Test Data; . (Tensile strengths) 

Specimen Lc • De R ft 
Number (lbs) (in) (in) (psi/min) (psi) 

Batch A - 328 5590 3.99 2.003 179 446 
329 5080 3.98 2.004 162 406 
330 5550 3.98 2.000 - 444 

Means 171 432 

Batch B - 331 7800 3.97 1.999 176 625 
332 8490 3.98 2.007 167 676 
333 7190 3.98 2.000 168 575 

Means 170 625 

Batch C - 334 9020 3.99 2.000 186 720 
335 8630 4.00 2.006 159 685 
336 9430 4.00 2.000 158 751 

Means 168 . 719 

Batch D - 337 7310 3.98 2.002 148 584 
338 6700 3.98 2.009 156 534 
339 6080 3.98 2.001 160 486 

Means 155 535 

Batch E - 340 6720 3.98 2.001 151 437 
341 6800 3.98 2.006 153 543 
342 7010 3.97 2.000 150 563 

Means 151 548 

Batch F - 343 6800 4.00 2.000 158 541 
344 7550 3.99 2.007 165 601 
345 6470 3.99 2.001 158 516 

Means 160 553 
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D39 

TENSION TEST #10 

Purpose: To study the effect of variations in the amount of fibrous 
reinforcement on the tensile strength of mortar using the 
"Brazilian" method. 

Performed: March 1, 1961 

Batches: 6 

Mix: 1:3 

W/C: 0.50 

Batch A = 
Batch B = 
Batch C - 
Batch D - 
Batch E - 
Batch F - 

3 control cylinders 
3 cylinders, 3% reinf 
3 cylinders, 6% reinf 
3 control cylinders 
3 cylinders, 3% reinf 
3 cylinders, 6% reinf 

Materials: Cement   
Sand (Ottawa I). . 
Water ...... 
Additive . . .(3%) 

500g 
1500g 
250ml 
60 g 

Additive: Galv. segments; 1"; 0.0128"; 3 and 6% 

Mixing: Mech I 

Compaction: 

Curing: 

5 minutes 

Molds: P 

Batch Tr 
(°F) 

1-mw 
(°F) 

T 
(°F) 

tT 
(days) 

fccw 
(days) 

A 73.8 74.2 73.5 6.89 5.90 
B 73.0 , 73.5 74.3 6.89 5.91 
C 72.1 73.6 75.2 6.90 5.91 
D 68.0 73.0 73.0 6.91 5.92 
E 68.5 71.8 72.5 6.91 5.92 
F 68.9 71.0 74.2 6.91 5.93 

Tr (at immersion) = 75.2°F 
Tr (at testing) = 75.7 °F 

Tc = 73.1 °F (9 readings) 
H = 10370 °F-hr 

Testing: Olsen 300,000# - R60000 - P 5% (tested SSD) 

Comment: This test was made in conjunction with tension test #11 
and compression test #9 to obtain comparison values of 
briquet tensile strengths and compressive strengths. 
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TENSION TEST #10 

D40 

Observed Test Data; (Density Study) 

Specimen Wad Vc 0 
Number (g) (cm3) (g/cm 

Batch A - 346 454.4 205.0 2.22 
347 455.8 205.2 2.22 
348 454.9 205.9 2.21 

Batch D - 355 456.3 205.7 2.22 
356 456.5 205.4 2.22 
357 454.5 204.7 2.22 

Mean 2.22 

Batch B - 349 462.9 205.2 2.26 
350 464.1 204.7 2.27 
351 461.1 205.4 2.24 

Batch E - 358 464.2 204.5 2.27 
359 469.2 204.7 2.29 
360 463.5 205.4 2.26 

Mean 2.26 

Batch C - 352 472.8 206.2 2.29 
353 473.8 206.7 2.29 
354 470.0 206.2 2.28 

Batch F ~ 361 469.3 207.0 2.27 
362 478.0 207.0 2.31 
363 474.8 207.8 2.28 

Mean 2.29 

-140- 



D41 

TENSION TEST #10 

Observed Test Data: (Tensile Strengths) 

Specimen Pu Lc Dc R ft' 
Number (lbs) (in) (in) (psi/min) (psi) 

Batch A - 346 8480 3.99 1.998 167 677* 
347 4890 3.99 1.999 156 390 
348 5420 4.00 2.000 178 431 

Batch D - 355 4480 4.00 1.999 159 356 
356 5100 3.99 2.000 164 407 
357 5260 3.98 1.999 158 421 

Means 164 401 

Batch B - 349 8530 3.99 1.999 157 680 
350 7880 3.98 1.999 166 630 
351 7460 3.99 2.000 180 595 

Batch E - 358 7760 3.98 1.998 157 621 
359 8890 3.98 1.999 158 711 
360 8570 3.98 2.000 169 685 

Means 165 654 

Batch C - 352 11600 4.01 1.999 177 920 
353 11630 4.02 1.999 159 920 
354 10280 4.01 1.999 L54 816 

Batch F - 361 8880 4.03 1.998 153 702 
362 11060 4.03 1.998 159 875 
363 .9740 4.03 2.001 158 769 

Means 160 834 

* Value not used in analysis 
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D42 
TENSION TEST #10 

Analyzed Test Data: 

Batch Summary: 

Statistic Batch 
A & D B & E C & F 

r (%) 0 3 6 

n 5 6 6 

X (psi) 401 654 834 

<? (psi) 29.5 44.8 87.5 

0 (7.) 7.36 6.86 10.50 

5% P (psi) 57.8 87.7 .171.4 

?t 
2.32 2.36 2.40 

?ad 2.22 .2.26 2.29 

C (7>) 95.9 96.2 95.3 

Test Summary: 

For.1" galvanized segments using the Brazilian test method, 
percentage increases over control were: 

1. 3% reinforcement - 63.2% increase 

6% reinforcement - .108.0% increase 

2. Equation of V line: 

ft' = (413) + (72.2)(r) 

3. Equation of ,,^?n line: 

Aft' = (17.5) (r) 
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TENSION TEST #11 
D43 

Purpose: To supplement the data of tension test #10 with tensile 
strength values of briquets mixed under similar condi¬ 
tions: To survey briquet strengths, both plain and rein¬ 
forced, with and without mechanical compaction. 

Performed: March 1, 1961 

Batches: 4 Batch A1 - 3 control briquets, hand placed. 
Batch A2 - 3 control briquets, mechanically 

compacted 
Batch Bl - 3 briquets, 3% reinf., hand placed. 
Batch B2 - 3 briquets, 37o reinf., mechanically 

compacted 

Mix: 1:3 Materials: Cement   500g 
Sand (Ottawa I). . . . . ... . 1500g 

W/C: 0.50 Water  250ml 
Additive . . (3%)  60g 

Additive: Galvanized segments; l1'; 0.0128"; 3% 

Mixing: Mech I Molds: P 

Compaction: 5 minutes (for batches A2. and B2) 

Curing: Batches with same letter designator are from same mix 

Batch Tr 1-mw Tm tT fccw 
(°F) (°F) (°F) (days) (days) 

A 1 & 2 68.9 71.0 71.8 6.92 5.93 

B 1 & 2 68.7 70.7 71.7 6.91 5.92 

Tr (at immersion) = 75.2i°F 
Tr (at testing) = 75.7 °F 

Tc = 73.1 °F (9 readings) 
W = 10410 °F -hr 

Testing: Olsen 300,000# - LC600 - Pl007o (tested wet) 
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D44 
TENSION TEST #11 

Observed Test Data: 

Specimen Wad Pu -At >R 

Number (8) (lbs) (in) (lbs /min) (lbs/in) 

Batch A1 364 135.1 391 1.01 551 387 
365 133.8 371 1.01 560 367 
366 135.5 405 1.01 571 401 

Means 134.8 561 385 

Batch A2 367 138.7 422 1.01 570 418 
368 139.0 386 1.02 580 378 
369 139.4 224 1.02 554* 220* 

Means 139.0 575 399 

Batch Bl- 370 140.9 488 1.02 589 478 
371 142.7 433 1.03 572 420 
372 140.9 399 1.02 594 391 

Means 141.5 585 430 

Batch B2 - 373 143.9 396 1.02 571 388 
374 .145.9 452 1.02 622 443 
375 142.3 433 1.01 571 429 

Means 144.0 588 420 

* Values not included in analysis 
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D45 
TENSION TEST.#11 

Analyzed Test Data: 

Batch Summary: 

Statistic BATCH 
A1 A2 B1 B2 

Compacted Yes No Yes 

r (%) 0 0 3 3 

n 3 2 3 3 

X (lbs/in) 385 399 430 420 

?ad 2.13 2.19 2.21 2.26 

ft 
2.32 2.32 2.36 2.36 

C (%) 92.2 94.4 93.8 96.1 

Test Summary: 1" galvanized segments (3%) 

1. Hand-placed briquets: 
Percentage increase over control: 

Affc ■» 11.7% 
Equation of "m" line: 

ft = (385) + (15.0) (r) 
Equation of "ff" line: 

Aft = (3.90) (r) 

2. Mechanically compacted briquets: 
Percentage increase over control: 

Affc ■- 5.25% 
Equation of "m" line: 

ft = (399) + (7.00)(r) 
Equation of " © " line: 

Aft = (1.75) (r) 

3. Ratio of tensile strength of mechanically compacted 
briquets to control cylinders of test #10. 

Ratio of means = ^99 psi _ 0.995 
401 psi 

/ 
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D46 

» 

COMPRESSION TEST #1 

Purpose: To study the effect of fibrous reinforcement on the 
compressive strength of mortar. 

Performed: September 16, 1960. 

Batches: 4 Batch A - 3 control cylinders 
Batch B - 3 control cylinders 
Batch C - 3 cylinders, 3% reinforced 
Batch D - 3 cylinders, 2>% reinforced 

Mix: 1;3 Materials: Cement   ...... 375g 
Sand (Bank). ........ 1125g 

W/C: 0.533 Water    200ml 
Additive    45g 

Additive: Slightly rusted tag wire, 0.375", 0.018", 3% 

Mixing: Hand Molds: 0 

Compaction: None 

Curing: No temperatures recorded. 

Batch t^ twc 

(days) (days) 

A 7.10 6 
B 7.08 6 
C 7.10 6 
D 7.08 6 

Testing: Riehle 60,000# (tested air dry 1 hour) 

Comment: Constant rate of load difficult to maintain on Riehle. 

-146” 



COMPRESSION TEST #i 

Observed Test Data: 

Specimen R pu 
fc 

Number (in2) (psi/sec) (lbs.) (psi) 

Batch A - 1 3.14 19.7 12500 3940 
2 3.16 39.4 10970 3470 
3 3.17 - 13430 4240 

Means 29.5 3880 

Batch B - 4 3.14 . _ 12190 3880 
5 3.14 - 13690 4360 
6 3.16 29.0 ,12490 3950 

Means 29.0 4060 

Batch C - 7 3.14 14.8 12990 4140 
,8 3.15 27.4 11160 3540 
9 3.16 23.4 11150 3530 

Means 21.5 3740 

Batch D -rlO 3.15 35.9 10530 3340 
11 3.13 28.1 10560 3380 
12 3.14 - 10740 3420 

Means '32.0 3380 

Analyzed Test Data: 

Batch Summary: 

Statistic Batch 
A & B C & D 

r w 0 3 
n 6 6 

X (psi) 3970 3560 

cr (psi) 311 296 
* <%) 7.84 8.32 

5% P 610 581 

Test Summary: 3/8" tag wire segments 

1. Decrease in compressive strength due to fibrous reinforce 
ment was 10.8%. 

. The significance ratio of the means was -2.46 or signifi¬ 
cant to.the 7% level. 
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D48 

COMPRESSION TEST #2 

Purpose: To study the effect of fibrous reinforcement on the 
compressive strength of mortar under mechanical com¬ 
paction. 

Performed; October 19, 1960 

Batches: .2 Batch A - 
Batch B - 

9 control specimens 
9 specimens, 3% reinf. 

Mix; .1:3 

W/C: 0.45 

Materials: Cement . . . . . • • . . . • 
Sand (Ottawa II) .   
Water ........... 
Additive . ... . . ..... 

1150g 
3450g 
520ml 
138g 

Additive; Galv. segments, 1" , 0.0128", 3% 

Mixing: Mech II Molds: ;P 

Compaction: o 4 min., 1 min 

Curing: 

Batch Data; 

Batch Tmw 
(°F) 

'^m 
(°F) 

*"T fcwc 
(days) (days) 

A 73 79 6.84 5.74 

B 73 81 6.93 5.87 

Curing Water: 

T = 76.5°F c 

H = I0660°F-hr (5 readings) 

Testing: Olsen 300,000# ~ R60000 - P10% (tested wet) 
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■4f D49 
COMPRESSION TEST #2 

Observed Test Data: 

Specimen Ac2 
% 
\ R pu fc 

Number (in) 1 (psi/sec) (lbs) (psi) 

Batch A - 13 3.14 26.7 13620 4340 
14 3.14 24.1 13470 4290 
15 3.14 24.9 14150 4500 
16 3.14 25.4 12660 4020 
17 3.15 27.2 13480 4280 
18 3.14 24.6 13340 4250 
19 3.14 24.7 . 14110 4490 
20 3.15 25.4 13790 .4380 
21 3.14 25.4 12550 3990 

Means 25 .'4 4280 

Batch.B - 22 3.14 16080 5130 
23 3.15 - 15270 ,4860 
24 3.14 14200 4530 
25 3.14 - 15450 4920 
26 3.14 *=* 15630 4980 
27 3.14 26.6 14900 4740 
28 3.14 27.4 15160 4830 
29 3.14 25.3 14760 4700 
30 3.14 .24.4 15710 .5010 

Means '25.9 4860 

Analyzed Test Data: 

Batch summary: 

Statistic BATCH 
A B 

r (%) 0 3 
n 9 9 
X (psi) 4280 4860 
d (psi) 141 181 
'> (%) 3.29 3.72 

5% P (psi) 277 355 

Test Summary: 1" galvanized segments 

1. Increase in .compressive strength of reinforced specimens 
over control cylinders was 13.6% 

2. The significance ratio of the means was 6.57 or signi¬ 
ficant to the 1% level. 
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( D50 

COMPRESSION TEST #3 

Purpose: To study the effect of the water-cement ratio on the 
compressive strength, density, and consistency of results. 

Performed; November 2, 1960 

Batches: 4 Batch A - 9 specimens, W/C = 0.450 
Batch B - 9 specimens, W/C = 0.525 
Batch C - 9 specimens, W/C = 0.600 
Batch D - 9 specimens, W/C - 0.400 

Mix: 1:3 Mixing: Mech I Molds .: 0 

W/C: Variable Compaction: 0 15 min 

Materials: (Batched to give same 

A 

yield in wet volume) 
BATCH 
B C D 

Cement - g 1218 1171 1129 1251 
Sand (Ottawa II)-g 3654 3513 3387 3753 
Water - ml 548 615 678 500 

Curing: 

Batch Data: 

Batch Tmw Tm t'p fcwc 
(°F) (°F) (days) (days) 

A 72.9 78.2 7.09 5.33 
B 73.1 78.4 7.08 5.31 
C 73.0 78.5 7.07 5.30 
D 73.1 77.8 7.07 5.30 

T •(conclusion of mixing) - 76.3°F 
Tr (at immersion - 0.67 days hence) - 70.8°F 

Tc = 74.6 °F (6 readings) 

H = 9,500°F-hr 

Testing: Olsen 300,000# - R60000 - P10% (tested wet) 

Comment: .On fourth day after mixing, specimens removed from curing 
water, wiped dry, weighed, and dried at 104°C for twenty- 
four hours. The cylinders were again weighed and re-immersed 
in the curing water. 
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D51 
COMPRESSION TEST 

Observed Test Data; (Density Study) 
^d _d 

Specimen ^ssd wod Vd, ?ssd ?od - 
Number (g) (g) (cm3) (g/cm3) (g/cm3) 

Batch A - 31 464.5 434.0 204.4 2.27 2.12 
32 467.4 438.0 205.0 2.28 2.14 
33 463.0 433.0 204.5 2.26 2.12 
34 463.5 434.0 205.0 2.26 2.12 
35 464.0 434.0 204.5 2.27 2.12 
36 464,5 435.0 205.0 2.26 2.12 
37 464.0 435.0 204.0 2.27 2.13 
38 462.5 433.0 205.0 2.26 2.11 
39 464.0 434.5 205.0 2.26 2.12 

Means 2.27 2.12 

Batch B - 40 456.2 420.5 204.0 2.24 2.06 
41 458.5 422.0 205.5 2.23 2.05 
42 454.0 418.0 205.0 2.22 2.04 
43 458.0 423.0 204.5 2.24 2.07 
44 457.0 422.0 204.3 2.24 2.06 
45 457.0 421.5 205.0 2.23 2.06 
46 460.0 424.5 205.5 2.24 2.06 
47 462.0 427.5 206.0 2.24 2.08 
48 458.0 422.5 205.0 2.24 2.06 

Means 2.24 2.06 

Batch C - 49 460.5 424.0 205.5 2.24 2.06 
50 461.5 425.0 205.5 2.25 2.07 
51 458.0 419.5 205.5 2.23 2.04 
52 458.5 420.5 205.0 2.23 2.05 
.53 458.0 419.0 206.0 2.23 2.04 
54 453.5 415.5 205.0 2.21 2.02 
55 461.0 423.5 206.5 2.24 2.05 
56 459.5 421.0 206.5 2.22 2.04 
57 455.0 416.0 205.5 2.22 2.02 

Means 2.23 2.04 

Batch D - 58 460.0 433.5 206.0 2.23 2.10 
59 462.5 435.5 205.5 2.25 2.12 
60 460.5 434.0 205.5 2.24 2.12 
61 . 454.5 427.5 204.5 2.22 2.09 
62 464.0 437.5 205.5 2.26 2.13 
63 460.0 433.5 204.5 2.25 2.12 
64 457.5 430.5 204.5 2.24 2.10 
65 4*63.0 437.0 206.0 ! 2.24 2.12 
66 461.0 434.5 205.5 2.24 2.11 

Means 2.24 2.11 
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COMPRESSION TEST #3 

D52 

Observed TestflData: (Compressive Strengths) 

Specimen Pu ^Co R 
Number (lbs) (in2) (psi/sec) (psi) 

Batch A - 31 8520 3.15 28.2 2700 
32 8740 3.14 20.2 2780 
33 12540 3.15 25.5 3980 
34 9080 3.14 27.5 2890 
35 12050 3.13 31.5 3850 
36 12120 3.14 28.6 3860 
37 12140 3.13 29.8 3880 
38 12500 3.13 30.2 3990 
39 11490 3.14 27.4 3670 

Means 27.7 3510 

Batch B - 40 9200 3.12 27.2 2940 
41 8030 3.13 23.6 2560 
42 6930 3.13 24.6 2210 
43 8960 3.12 26.1 2870 
44 6970 3.14 24.4 2220 
45 8580 3.12 28.4 2750 
46 7070 3.12 . 26.7 2260 
47 8310 3.14 25.9 2640 
48 9200 3.14 26.4 2930 

Means 25.9 2600 

Batch C - 49 8580 3.14 25.5 2730 
50 5560 3.14 20.1 1770 
51 8160 3.14 27.4 2600 
52 7120 3.14 23.9 2270 
53 6110 3.14 21.6 1940 

. 54 7900 3.13 29.4 2520 
55 8150 3.13 . 26.3 2600 
56 8040 3.14 28.2 2560 
57 7970 3.13 22.4 2540 

Means '25.0 2390 

Batch D - 58 13800 3.14 27.4 4400 
59 14950 3.14 27.2 4760 
60 13240 3.14 27.2 4220 
61 8720 3.14 - 2780* 
62 15780 3.14 31.8 5020 
63 14610 3.14 26.8 4650 
64 13540 3.13 25.3 4330 
65 15590 3.14 26.1 4960 
66 15100 3.15 34.2 4800 

Means 27.3 4640 

* Not used in analysis 
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D53 

COMPRESSION TEST #3 

Analyzed Test Data: 

Batch Summary: 

Statistic Batch 
D A B C 

W/C ratio 0.40 0.45 0.525 0.60 

n 8 9 9 9 

"x (psi) 4640 3510 2600 2390 

Cf (psi) 297 551 303 330 

0 (%) 6.41 15.70 11.55 13.80 

5% P (psi) .583 1082 595 648 

on 

^ad 2.11 2.12 2.06 2.04 

„n 
)ssd 2.24 2.27 2.24 2.23 

?t 2.38 2.34 2.29 2.24 

Pc (%) 13 15 18 19 

V (%) 27 22 23 20 
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D54 
COMPRESSION.TEST #4 

Purpose: To study the effect on the compressive strength of 
mortar containing various amounts of fibrous rein- 
forcement. 

Performed: November 8, 1960 

Batches: 4 Batch A - 9 control specimens 

Batch B = 9 specimens, 1% reinf. 
Batch C =9 specimens, 2% reinf. 

Batch D - 9 specimens, 3% reinf. 

Materials: Cement HOOg 
Sand (Ottawa II) .... 3300g 
Water  633ml 
Additive (1%). . ... . . 44g 

Mix: 1:3 

W/C: .0.575 

Additive: Galv. segments; 1"; 0.0128"; 1, 2 and 3% 

Mixing: Mech I 

Compaction: 

Curing: 

Molds: 0 

15 min (continuous during placing) 

Batch Tmw 
(°F) 

Tm 
(oF) 

fcT 
(days) 

fcwc 
(days) 

A 75.8 79.1 7.09 6.07 
B 75.0 78.2 7.07 6.04 
C 75.0 78.2 7.07 6.04 
D 74.0 78.5 7.07 6.04 

Tc = 71.7 °F 

H .= 10430 °F-hr (2 readings) 

Testing: Olsen 300,000# - R60000 - P 10% (tested wet) 
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D55 
COMPRESSION TEST #4 

Observed Test Data; 

Specimen ?u Ac R fc 
Number (lbs) (in2) (psi/sec) (psi) 

Batch A - 67 10400 3.14 31,8 3320 
68 8130 3.15 25.5 2580 
69 7870 3.14 24.1 2510 
70 9750 3.15 32.9 3090 
71 7900 3.13 26.6 2520 
72 9060 3.14 26,2 2880 
73 9100 3.14 33.4 2900 
74 7520 3.14 26.0 2400 
75 8340 3.14 28.2 . 2650 . 

Means 28.3 2760 

Batch B - 76 8880 3.14 25.0 .2830 
77 10740 3.14 38.9 3420 
78 9540 3.14 31.6 3040 
79 9310 3.14 26.0 2960 
80 8020 3.14 . m 2550 
81 9480 3.14 29.0 3020 
82 8800 3.14 24.4 2800 

.83 10470 3.14 34.4 3330 

.84 10700 3.15 35.8 3400 
Means 30.6 3040 

Batch C - 85 10460 3.15 m 3320 
86 9810 3.15 - 3120 
87 10010 3.14 . 3190 
88 8470 3.14 26.2 2700 
89 9390 3.15 28.6 : 2980 
90 .9960 3.14 42.4 3170 
91 10250 3.14 29.6 3260 
92 9820 3.15 26.0 3120 
93 9520 3.14 26.8 3030 

Means 29.9 3100 

Batch D - 94 9960 3.15 25.9 3160 
95 8510 3.15 26.0 .2700 
96 9950 3.14 32.0 3160 

,97 .10190 3.14 .28.2 3240 
98 8000 3.15 27.0 2540 
99 10040 3.15 m 3190 

100 ' 10210 3.14 27.6 3260 
101 8370 3.15 25.8 2660 

,102 10010 3.14 34.4 3190 
Means 28.4 3010 
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COMPRESSION TEST #4 
D56 

Analyzed Test Data: 

Batch Summary: 

Statistic Batch 
A B C D 

r (%) 0 1 2 3 

n 9 9 9 9 

X (psi) 2760 3040 3100 3010 

<5 (psi) 308 310 183 288 

(%) .11.14 10. 20 5.90 9.57 

5% P (psi) 604 608 358 575 

Test Summary: 1" galvanized segments 

1. Percentage increases in the means of the reinforced 
groups over the control batch were; 

2. The significance ratio and level of significance of the 
differences in the means between reinforced and control 
batches were: 

r Significance ratio Level of 
(%) of means significance 

1 1.93 10 7. 
2 2,86 3 % 
3 1.79 12 7. 
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COMPRESSION TEST #5 
D57 

Purpose: To study the effect on the compressive strength of mortar 
containing fibrous reinforcement at seven, fourteen and 
twenty-eight days. 

Performed: November 17, 1960 

Batches: 4 Batch A - 9 specimens, control 
Batch B- 9 specimens, 1% reinf. 
Batch C - 9 specimens, control 
Batch D - 9 specimens, 1% reinf. 

Mix: 1:3 Materials: Cement HOOg 
Sand (Ottawa I).  3300g 

W/C: 0.575 Water  633ml 
Additive (1%). .  44g 

Additive: Galv. segments; 1"; 0.0128"; 1% 

Mixing: Mech I Molds: :0 

Compaction: 5 min. 

Curing: 

Batch Tmw 
(°F) 

^m 
(°F) (7) 

tx 
(days) 

(14) (28) (7) 

twc 
(days) 
(14) (28) 

A 73.0 74.1 7.06 14.54 28.57 5.92 13.39 27.38 
B 71.9 73.8 7.07 14.52 28.55 5.88 13.32 27.31 
C 73.9 74.2 7.03 14.51 28.54 5.82 13.29 27.28 
D 74.0 74.5 6.97 14.45 28.51 5.81 13.28 27.30 

Testing Age 
(days) 

14 28 

Comment: 

Tc (°F) 
H (°F-hr) 
readings 

74.0 
10,410 

3 

70.8 
22,670 

5 

70.8 
46,350 

13 

Testing: Olsen 300,000# - R60000 - P 10% (tested wet) 

Three samples from each batch tested at times specified. 
The samples from each batch, tested at a particular time, 
were from different molds. 
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D58 
COMPRESSION TEST #5 

Observed Test Data: 

Specimen Wad pu ^c2 (in2) 
R fc 

Number (g) (lbs) (psi/sec) (ps±: 

SEVEN:DAY 

Batch A - 103 457.4 10060 3.14 25.4 3200 
106 455.1 8300 3.14 26.2 2640 
.109 455.3 11710 3.14 29.6 3740 

Batch C - 121 457.2 11210 3.14 26.4 3570 
124 456.6 10060 3.14 29.1 3200 
127 463.1 12560 3.14 31.2 4000 

Means 457.5 28.0 3390 

Batch B - 112 465.1 11250 3.14 26.6 3680 
115 458.4 12210 3.14 28.8 3890 
118 466.0 12830 3.14 31.0 4090 

Batch D - 130 457.6 11340 3.14 29.6 3610 
133 458.7 10980 3.14 26.9 3500 
136 462.7 12100 3.14 35.0 3850 

Means 461.4 29.7 3770 

FOURTEEN DAY 

Batch A - 104 460.6 15210 3.15 27.6 4840 
107 456.2 15550 3.14 30.0 4950 
110 453.8 11360 3.14 - 3620 

Batch C - 122 457.9 13830 3.16 38.1 4380 
125 456.2 10000 3.15 25.4 3180 
128 463.2 15290 3.15 33.2 4850 

Means 458.0 30.9 4300 

Batch B - 113 462.1 15380 3.15 27.9 4880 
116 457.1 11950 3.14 28.2 3810 
119 462.9 13350 3.15 31.4 4240 

Batch D - 131 456.8 11860 3.15 26.9 3780 
134 460.1 11830 3.16 26.8 3750 
137 . 460.7 10420 3.15 25.4 3310 

Means 460.0 27.8 3960 
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D59 

COMPRESSION TEST #5 

Observed Test Data; (continued) 

Specimen ^ad *u R fc 
Number (g) (lbs) (in2) (psi/sec) (psi) 

TWENTY-EIGHT DAY 

Batch A - 105 462.5 9700 3.16 - 3070 
108 457.7 12610 3.15 30.2 4010 
111 457.8 18530 3.14 38.1 5910 

Batch C- 123 459.7 .12730 3.15 30.2 4040 
126 455.3 13100 3.14 30.8 4170 
129 

Means 
■ 464.0 
459.5 

11010 3.15 30.2 
31.9 

3500 
4120 

Batch B - 114 459.2 17280 3.15 40.6 5480 
117 .457.5 16580 3.15 33.0 5260 
120 460.3 17140 3.15 35.2 5450 

Batch D.- 132 457.6 16870 3.14 49.6 5380 
135 462.8 17460 3.15 34.0 5540 
138 459.7 .13260 3.15 29.6 4210 

Means 459.5 37.0 5220 
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D61 

COMPRESSION TEST #6 

Purpose: To study the effect on the compressive strength of 
mortar containing dispersed fibrous reinforcement for 
various water-cement ratios. 

Performed: December 1, 1960 

Batches: 6 

Mix: 1:3 

W/C: Variable 

Batch A - 6 control specimens, W/C = 0.45 
Batch B - 6 specimens, 27. reinf., W/C = 0.45 
Batch C - 6 control specimens, W/C = 0.55 
Batch D - 6 specimens, 2% reinf., W/C =0.55 
Batch E - 6 control specimens, W/C = 0.65 
Batch F - 6 specimens, 2% reinf., W/C = 0.65 

Materials: Cement   . ... 750g 
Sand (Ottawa I). . . . . . . 2250g 
Water, Batch A & B . . ... . . 338ml 

Batch C & D . . . . . 413ml 
Batch .E & F ....... . 60g 

Additive: Bronze-coated segments, 1", 0.013", 2% 

Mixing: Mech I Molds; 0 

Compaction: 

Curing: 

5 min. 

Batch Tmw Tm trji t 
wc 

(°F) (°F) (days) (days) 

A 73.0 77.8 7.33 6.41 
B 72.9 76.2 7.33 6 41 
C 74.0 72.9 7.32 6.38 
D 72.3 73.0 7.30 6.39 
E 74.1 73.8 7.29 6.37 
F 73.7 71.5 7.28 6.36 

Tc = 71.1 °F 

H = 10,900 °F-hr (3 readings) 

Testing: Olsen 300,000# - R60000 - P 107. (tested wet) 
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D62 
COMPRESSION TEST #6 

Observed Test Data: 

Specimen "ad pu AC9 
R ^c 

Number (g) (lbs) (in2) (psi/sec) (psi) 

Batch A - 139 451.5 18480 3.14 - 5890 
140 453.6 16920 3.15 29.5 5370 
141 453.2 14270 3.15 26.6 4530 
142 ,453.8 12250 3.15 25.9 3890 
143 455.2 12400 3.14 31.3 3950 
144 456.7 18140 3.14 34.4 5780 

Means 454.0 29.5 4900 

Batch B - 145 459.2 13390 3.14 31.6 4260 
146 459.2 15160 3.14 31.6 4830 
147 458.2 16820 3.15 31.6 5340 

.148 460.7 11560 3.14 27.8 3680 
149 460.1 14340 3.14 29.7 4570 
150 456.7 19040 3.13 36.4 6080 

Means 459.0 31.5 4790 

Batch C - 151 449.6 12320 3.13 34.2 3940 
152 453.2 13100 3.13 37.4 .4190 
153 452.2 10630 3.14 28.7 3385 
154 454.6 12110 3.15 36.9 3840 
155 455.2 13080 3.15 32.6 4150 
156 451.6 13980 3.14 35.6 4450 

Means 452.7 34.2 3990 

Batch D - 157 464.3 13930 3.14 31.0 4440 
158 459.4 11010 3.15 30.1 3500 
159 455.0 12750 3.14 35.2 4060 
160 455.4 12020 3.14 42.5 3830 
161 460.3 11060 3.14 31.1 3520 
162 457.9 14430 3.13 36.0 ,4610 

Means 458.7 34.3 3990 

Batch E - 163 459.0 7560 3.14 25.4 2410 
164 458.9 8550 3.15 33.0 2710 
165 453.2 10810 3.14 29.6 3440 
166 456.3 8390 3.14 27.5 2670 
167 460.0 9410 3.15 29.3 2990 
168 456.4 9070 3.14 28.9 2890 

Means 457.3 29.0 2850 

Batch F - 169 453.9 11500 3.14 39.8 3660 
170 455.6 10890 3.15 31.7 3460 
171 456.8 10580 3.14 28.3 3370 
172 453.4 11560 3.14 40.9 3680 
173 457.3 11800 3.15 31.5 3750 
174 451.2 12000 3.14 40.5 3820 

Mehns 454.7 35.5 3620 
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D64 

COMPRESSION TEST #7 

Purpose: To study the effect of varying the intensity and 
duration of mechanical compaction on the compressive 
strengths of two mortar mixes. 

Performed: January 6, 1961. 

Batches: 6 Specimens per batch: 6 

Batch identification: 

Batch A - W/C =0.45 ® l minute 
Batch B W/C = 0.45 0 l minute 
Batch C - W/C = 0.45 0 5 minutes 
Batch D - W/C = 0.45 © 5 minutes 
Batch E - W/C =0.65 0 1 minute 
Batch F - W/C =0.65 G 1 minute 

Mix: 1:3 Materials ; Cement   . 750g 
Sand   . 2250g 

W/C: 0.45 and 0.65 Water . (Batches A to D) . . 336ml 
(Batches E & F) . . 488ml 

Additive: None Mixing: Mech I 

Compaction: See above Molds; P 

Curing: 

Batch Tmw Tm fcT fccw 
(°F) (°F) (days) (days) 

A 71.0 72.5 8.96 8.46 
B 72.7 73.8 8.94 8.47 
C 72.8 73.4 8.93 8.47 
D 72.8 73.8 8.97 8.46 
E 72.4 73.9 8.95 8.46 
F 72.5 74.2 8.94 8.47 

Tc 67.4 °F-hr (2 readings) 

H = 13700 °F-hr 

Testing: Olsen 300,000# - R60000 - Pl2% (tested wet) 

Comment: The highly porous interior and irregular surface of 
specimens from batches As B, and C clearly showed the 
lack of adequate compaction. 
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COMPRESSION TEST #7 
B65 

Observed Test Data: (Density Study) 

c 
Specimen Wad VCo Sad, 
Number (8) (cm3) (g/cm3) 

Batch A - 175 400.0 206.0 1.94 
176 396.8 206.5 1.92 
177 399.2 206.0 1.94 
178 395.0 206.5 1.91 
179 389.0 206.5 1.88 
180 399.8 206.0 1.94 

Mean 1.92 

Batch B - 181 407.7 206.0 1.98 
182 411.2 206.0 .1.99 
183 436.3 205.5 2.12 
184 420.6 206.0 2.04 
185 417.7 206.5 2.02 
186 453.3 206.0 2.20 

Mean 2.06 

Batch C - 187 394.9 205.5 1.92 
188 384.3 206.5 1.86 
189 387.2 206.0 1.88 
190 410.3 206.0 1.99 
191 395.6 206.5 1.92 
192 387.9 206.5 .1.88 

Mean 1.91 

Batch D - 193 454.4 206.5 2.20 
194 452.7 . 205.5 2.20 
195 453.0 205.5 2.20 
196 450.8 206.0 2.19 
197 413.0 206.0 2.00 
198 406.2 206.0 1.97 

Mean 2.13 

Batch E - 199 448.9 203.5 2.20 
200 451.2 203.5 2.22 
201 450.5 203.5 2.21 
202 447.9 204.5 2.19 
203 447 8 203.0 2.21 
204 448.9 204.5 2.20 

Mean 2.21 

Batch F - 205 446.2 203.5 2.19 
206 448.9 203.5 2.20 
207 449.6 204.0 2.20 
208 447.3 203.5 2.20 
209 447.2 203.5 .2.20 
210 449.2 203.5 2.21 

Mean 2.20 
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COMPRESSION TEST #7 
D66 

Observed Test Data: (Compressive Strengths) 

Specimen Pu ^c9 R fc 
Number (lbs) (in2) (psi/sec) (psi) 

Batch A - 175 6500 3.14 27.4 2070 
176 4250 3.14 24.5 1350 
177 4620 3.14 25.3 1470 
178 5240 3.14 27.1 1670 
179 4540 3.15 28.0 1440 
180 3980 3.14 25.4 1270 

Means 26.3 1550 

Batch B - 181 7040 3.14 27.4 2240 
182 6010 3.14 25.8 1910 
183 10000 3.13 28.1 3190 
184 7140 3.14 28.0 2270 
185 5460 3.15 25.5 1730 
186 12070 3.14 ' 27.7 3840 

Means 27.1 2530 

Batch C - 187 4170 3.13 26.0 1330 
188 3820 3.15 27.4 1210 
189 4080 3.14 27.6 1300 
190 5150 3.14 26.7 1640 
191 4550 3.15 28.5 1440 
192 5250 3.14 26.9 1670 

Means 27.2 1430 

Batch D - 193 15430 3.14 27.2 4920 
194 13230 3.14 26.6 4240 
195 15620 3.14 31.0 4980 
196 14820 3.14 28.5 4730 
197 6050 3.14 28.6 1930 
198 5630 3.14 23.8 1790 

Means 27.6 3270 

Batch E - 199 8490 3.14 31.5 2700 
200 7710 3.14 26.4 2450 
201 8800 3.15 31.4 2790 
202 8590 3.14 26.8 2730 
203 8570 3.14 35.8 2730 
204 8540 3.14 29.5 2720 

Means 30.2 2690 

Batch F - 205 7550 3.14 25.5 2400 
206 8160 3.14 27.8 2600 
207 8310 3.15 27.7 2640 
208 8410 3.14 26.4 2680 
209 7590 3.15 26.2 2520 
210 .8770 3.14 26.4 2790 

Means 26.7 2610 
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D68 

COMPRESSION TEST #8 

Purpose: To study the effect on the compressive strength of mortar 
containing varying amounts of fibrous reinforcement. 

Performed: January 20, 1961 

Batches: 6 Batch A - 6 specimens, control 
Batch B - 6 specimens, 1% reinf 
Batch C - 6 specimens, 2% reinf 
Batch D •» 6 specimens, 4% reinf 
Batch E - 6 specimens, 6% reinf 
Batch F - 6 specimens, 8% reinf 

Mix: 

W/C: 

1:3 

0.58 

Materials: Cement . . . . . 
Sand (Ottawa I). 
Water . ... . 
Additive (1%). . 

725g 
2175g 
420ml 
29g 

Additive: Bronze-coated segments; 0.013"; 1, 2, 4, 6, and 8% 

Mixing: Mech I Molds: P 

Compaction : ^ seconds; 0 45 seconds (see 

Curing: 

Batch Tmw ^m tT fcwc 
(op) (°F) (days) (days) 

A 74.0 76.9 7.00 6.13 
B 73.8 74.9 7.00 6.11 
C 73.5 74.8 7.02 6.16 
D 73.0 73.5 7.04 6.17 
E 72.8 72.9 7.09 6.22 
F 69.5 72.8 7.02 6.20 

Tc = 65.6°F (7 readings) 

H = 9710 °F-hr 

Testing: 

Comment: 

Olsen 300,000# 

(1) 

R60000 - 0 .15% (tested wet) 

(2) 

The low value of the mean compressive strength of 
batch ,fCn is felt to be an error in the amount of 
cement used; (i.e., 625g weighed out instead of 725g) 
Batch "F11 received an additional one minute of com¬ 
paction at the second setting. 

-168- 



COMPRESSION TEST #8 

D69 

Observed Test Data: (Density Study) 
c 

Specimen Wad Vc3 (cm^) 
?acl 

Number (8) (g/cm3) 

Batch A - 211 448.4 205.4 2.18 
212 449.7 205.4 2.19 
213 449.0 206.1 2.18 
214 447.7 205.4 2.18 
215 447.7 204.9 2.18 
216 444.4 203.6 2.18 

Mean 2.18 

Batch B - 217 .449.8 203.6 2.21 
218 450.5 203.6 2.21 
219 450.4 203.6 2.21 
220 450.1 203.6 2.21 
221 451.1 203.8 ■ 2.21 
222 448.2 203.6 2.20 

Mean 2.21 

Batch C 223 448.7 203.6 2.20 
224 448.0 204.3 2.19 
225 447.8 205.3 2.18 
226 446.2 204.4 2.18 
227 450.7 204.9 2.20 
228 446.9 203.8 2.19 

Mean 2.19 

Batch D - 229 450.8 204.6 2.20 
230 454.0 205.3 2.21 
231 452.4 204.6 2.21 
232 453.8 203.6 2.23 
233 455.8 204.6 2.23 
234 456.2 205.3 2.22 

Mean '2.22 

Batch E - 235 458.4 205.9 2.23 
236 459.1 205.9 2.23 
237 461.6 205.9 2.24 
238 457.3 205.3 2.23 
239 461.6 205.9 2.24 
240 458.8 205.3 2.23 

Mean 2.23 

Batch F - 241 466.0 204.6 2.28 
242 467.4 205.9 2.27 
243 464.3 205.3 2.26 
244 462.3 205.9 2.24 
245 464.4 205.3 2.26 
246 463.2 205.3 2.26 

Mean 2.26 
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D70 
COMPRESSION TEST #8 

Observed Test Data: (Compressive Strength) 

Specimen Pu R h 
Number (lbs) (in2) (psi/sec) (psi) 

Batch A - 211 10690 3.15 32.2 3390 
212 10490 3.15 33.2 3330 
213 10860 3.15 33.2 3440 
214 10510 3.14 33.0 3350 
215 10540 3.14 33.4 3360 
216 10250 3.14 31.4 3260 

Means 32.7 3360 

Batch B - 217 10830 3.14 33.6 3460 
218 10590 3.13 35.9 3370 
219 10960 3.14 33.8 3490 
220 10580 3.14 34.2 3370 
221 10830 3.15 34.2 3440 
222 10120 3.14 34.0 3220 

Means 34.3 3390 

Batch C - 223 7040 3.14 34.0 2240 
224 6920 3.14 32.4 2200 
225 7340 3.14 32.9 2340 
226 7190 3.14 29.8 2280 
227 6210 3.15 35.8 1970 
228 6710 3.14 34.0 2140 

Means 33.2 2200 

Batch D229 10480 3.14 3240 
230 9940 3.15 32.3 3150 
231 10440 3.14 36.0 3320 
232 10350 3.13 33.5 3300 
233 10520 3.14 35.2 3360 
234 10270 3.14 35.1 3270 

Means 34.4 3270 

Batch E - 235 8770 3.14 33.1 2800 
236 10500 3.14 34.0 3340 
237 9500 3.14 35.0 3020 
238 9950 3.14 33.8 3160 
239 8060 3.14 32.4 2570 
240 10020 3.14 37.2 3180 

Means 34.3 3010 

Batch F - 241 10210 3.14 32.2 3260 
242 10760 3.15 33.8 3420 
243 10810 3.14 32.0 3440 
244 10640 3.13 33.9 3430 
245 10100 3.14 33.1 3220 
246 8240 3.13 30.0 2630 

Means 32.5 3270 
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COMPRESSION TEST #9 
D72 

Purpose: To supplement the data of tension test #10 with the effect 

on the compressive strength of mortar containing fibrous 

reinforcement. 

Performed: March 1, 1961 

Batches: 2 Batch A - 3 control cylinders 

Batch B - 3 cylinders, 3% reinf. 

Mix: 1:3 Materials: Cement   500g 

Sand (Ottawa I)   1500g 

W/C; 0.50 Water  250ml 

Additive . . (3%)  60g 

Additive: Galvanized segments; 1"; 0.0128"; 3% 

Mixing: Mech I Molds: P 

Compaction: minutes 

Curing: 

Batch T 

<°§> 
^mw 
<°F) (°F) 

*"T 
(days) (days) 

A 68.6 70.5 71.5 6.91 5.93 

B 68.2 70.3 71.8 6.91 5.92 

Tr (at immersion) = 75.2°F 

Tr (at testing) = 75.7°F 

Tc « 73.1 ^F (9 readings) 

H = 10410 °F-hr 

Testing: Olsen 300,000# - R60000- P 12% (tested wet) 

Comment: The batches of this test are of the same type as those 

of tension test #10 and were made concurrently with that 

test. 

-172- 



COMPRESSION TEST #9 D73 

Observed Test Data: 

Specimen Wad Ac, R fc 
Number (g) (lbs) (in2) (psi/sec) (psi) 

Batch A - 247 454.1 17440 3.14 25.0 5550 
248 455.6 16110 3.13 25.0 5150 
249 454.2 15150 3.14 25.4 4820 

Means 454.6 25.1 5170 

Batch B - 250 464.3 18580 3.14 26.0 5920 
251 461.8 18000 3.13 26.6 5750 
252 466.4 16700 3.14 25.6 5320 

Means 464.2 26.1 5660 

Analyzed Test Data: 

Batch Summary: 

Statistic Batch 
A B 

r (%) 0 3 

n 3 3 

x (psi) 5170 5660 

n 
P 2.21 2.25 
'ad 

?t 
. 2.32 2.36 

c (%) 95.4 95.8 

Test Summary: 1" galvanized segments 

1. Percentage increase of reinforced specimens oyer control 
was 9.48%. 

2. Ratio of tensile strength versus compressive strength^ 
control specimens: (from tension test #10) 

ft' = (0.078)(fc) 
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FLEXURE TEST #1 
D74 

Purpose: To 'study the effect of fibrous reinforcement on .the 
strength of mortar. 

Performed: January 26, 1961. 

Batches: 6 Batch A - 1 beam, control 
Batch B - 1 beam, 3% reinf. 
Batch C - 1 beam, control 
Batch D 1 beam, 37a reinf. 
Batch E - 1 beam, control 
Batch F - 1 beam. 3% reinf. 

Mix: :1:3 Materials: Cement . 
Sand (Bank)...... 

W/C: 0.575 Water 
Additive 

Additive: Bronze-coated segments, 1"; 0 .013"; 3% 

Mixing: Mech I Molds: P 

Compaction: None 

Curing: 

Batch ^mw Tm tT *"CW 
(°F) (°F) (days) (days) 

A 72.5 69.8 7.22 5.19 
B 71.8 70.0 7.25 5.21 
C 70.0 68.8 7.25 5.22 
D 74.5 - 7.32 5.29 
E 73.5 70.3 7.32 5.29 
F 72.5 70.8 7.32 5.29 

Tr (at testing) = 73.7 °F 

Tc = .72.1 °F (4 readings) 
H = 9090 °F-hr 

1800g 

Testing: .Olsen 300,000# - R60000 = P 5% (tested 45 min, after 
removal from curing water) 

Comment: Plane of loading parallel to plane of top face as poured 
(i.e., beam tested on smooth sides). Center point loading 
used with unsupported length being 18 inches. 
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FLEXURE TEST #1 

D75 

Observed Test Data: 
Density 

0 c 
Specimen Wad VC3 ) ad 

Number (kg) (cmJ) (g/cmJ) 

Batch A = 1 6.665 3077.1 2.17 
Batch C - 3 6.669 3077.1 2.17 
Batch E - 5 6.683 3108.0 2.15 

Mean 2.16 

Batch B - 2 6.848 3097.4 2.21 
Batch D 4 6.805 3102.0 2.19 
Batch F - 6 6.829 3091.6 2.21 

Mean 2.20 

Moments 

Specimen 
Number "fit) 

Md 
(in-lbs) 

*u 
(lbs) 

ML 
(in-lbs) 

Batch A - 1 15.2 29.1 567 2550 
Batch C - 3 15.2 29.1 527 2370 
Batch E - 5 15.3 29.4 549 2470 

Batch B - 2 15.6 30.0 618 2780 
Batch D * 4 15.5 29.8 612 2755 
Batch F «• 6 15.6 30.0 581 2615 

Modulus of Rupture 

Specimen 
Number 

s3 
(in3) &> (psb 

R 
(psi/min) 

fr 
(psi) 

Batch A - 1 4.51 566 6.5 272 573 
Batch C 3 4.48 529 6.5 284 536 
Batch E 5 

Means 
4.50 549 6.5 304 

289 
555 
555 

Batch B - 2 4.52 615 6.7 305 622 
Batch D - 4 4.48 614 6.7 275 621 
Batch E - 6 4.47 585 6.7 290 592 

Means 290 612 
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D76 

FLEXURE TEST #1 

Analyzed Test Data: 

Batch Summary: 

Statistic Batch 
A, C, & E B, D, & F 

r (%) 0 3 

n 3 
, 3 

X (psi) 555 612 

c 
?ad 2.16 2.20 

2.27 . 2.31 

C (%) 95.4 95.2 

Test Summary: 1" bronze fibers 

Reinforced beams exhibited an increase in flexural strength 
over plain beams of 10.3%. 
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FLEXURE TEST #2 

D77 

Purpose: To study the effect of increasing the fiber length on 
the flexural strength of mortar 

Performed; February 8, 1961 

Batches: 2 (see comment) 

Batch A - 1 beam, control 
Batch B - 1 beam, 3% reinf. 

Mix: 1:3 

W/C: 0.575 

Materials: Cement   . • 
Sand (Bank).   
Water   
Additive . .(3%) . ... . 

. 1800g 

. 1035ml 

. 216g 

Additive: Bronze- ■coated segments; 2"; 0.031"; 3% 

Mixing: Mech I Molds: 0 

Compaction: None 

Curing: 

Batch T 

(Of) 
^mw Tm fcT t uwc 
(°p) (°F) (days) (days) 

A 68.0 71.7 74.8 7.57 4.92 

B 71.3 71.0 75.2 7.58 4.95 

No curing temperatures recorded 

Testing: Olsen 300s000# - R6000 - P 5% 
(tested 45 minutes after removal from curing water) 

Comment: Mixer stalled during high speed portion of batch "B". 
Two inch segments in mix caused wet material to be too 
stiff and thus was too great a load for the driving 
mechanism of the mixer to move. 
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FLEXURE TEST #2 
D78 

Observed Test Data: 

Density 

Specimen 
Number 

Wad 
(kg) 

Vc3 (cm) 
<?*d 
(g/cnr5) 

Batch A - 7 6.592 3070 2.15 

Batch B - 8 6.841 3077 2.22 

Moments 

Specimen 
Number 

Wssd 
(lbs) 

Md 
(in-lbs) 

A 
(lbs) 

ML 
(in-lbs 

Batch A - 7 15.0 30.3 523 2354 

Batch B - 8 15.6 31.6 589 2651 

Modulus of Rupture 

Specimen 
Number 

S 
(in3) 

^rl ^r2 
(psi) (psi) 

R fr 

(psi/min) (psi) 

Batch A - 7 4.48 525 6.8 265 532 

Batch B - 8 4.47 593 7.1 270 600 

Analyzed Test Data: 

Batch Summary: 

Statistic Batch 
A B 

r (%) 0 3 
n 1 1 
5T (psi) .532 600 

_c 
?ad 2.15 2.22 

2.27 2.31 

C (7o) 94.7 96.3 

Test Summary: 2M bronze fibers 

Reinforced beam exhibited an increase in flexural strength of 
11.3%. 
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BOND TEST #1 

D79 

Purpose: To determine the comparative bond strengths of bronze- 
coated and galvanized wires for a nominal grip length 
of one inch. 

Performed: February 15, 1961 

Batches: 2 Batch A1 . - 3 specimens, bronze-coated wire 

A2 - 3 specimens, galvanized wire 

Mix; 1:3 Materials: Cement . .  200g 
Sand (Ottawa I). . . . . . . . 600g 

W/C: 0.50 Water . . .  100ml 

Wire: (1) Bronze-coated wire; 0.01311 

(2) Galvanized wire: 0.012811 

Mixing: 

Compaction: 

Cur ing 

Mech I 

6 minutes 

Single letter designator 
the same mix. 

Molds: P 

indicates that batches are from 

Batch 

A 

T 
(°F) 

5* 
(°F) 

76.5 78.2 77.8 

No curing temperatures recorded 

t»ji tcw 

(days) (days) 

8.78 7.84 

Testing: Special pull-out apparatus (See Figure £ ) 

Comment: (1) 

(2) 

(3) 
(4) 

Molds were assembled from plywood sections which had 
been soaked for twenty-four hours in molten paraffin. 
Wires were in a horizontal position when specimens 
cast. A slight pre-tensioning was induced to aid 
in alignment. 
Specimen sizes for all bond tests were 2M x 2" x Lgn. 
After specimens removed from forms, it was noted that 
all three bronze-coated wires twisted freely in their 
mortar blocks. 

-179- 



BOND TEST #1 

D80 

Observed Test Data: 

Specimen . Lu 

Number (in) 

Batch A1 1 1.005 

2 1.012 
3 0.997 

Means 

Batch A2 - 1 0.993 

2 0.983 
3 1.013 

Means 

^u fg fu 
(lbs) (psi) (psi) 

4.42 33,900 118 

3.03 22,800 73 

3.78 28,600 93 

28,400 95 

7.38* 57,400** 185# 

7.34* 57,000** 185# 
7.32* 56,800** 180# 

57,100** 182# 

* indicates wire broke at this load 

** ultimate strength of wire 

# indicates bond strength greater than this value 

Analyzed Data: 

Nominal grip length - 1M 

Bronze-coated steel wire: 
Bond strength developed was 95 psi. 

Stress in wire at pull out load was 28,400 psi. 

Galvanized wire: 

Ultimate strength of wire was 57,100 psi. 
Bond stress was at least 182 psi. 

It -should be remembered that none of the bronze wires 
exhibited any adhesive ability prior to immersion. 
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BOND TEST #2 
D81 

Purpose: To determine the comparative bond strengths of bronze- 
coated and galvanized wires for a nominal grip length 
of one inch. 

Performed: February 19, 1961 

Batches: 2 Batch A1 - 3 specimens, bronze-coated wire 

Batch A2 - 3 specimens, galvanized wire 

Mix: 1:3 Materials: Cement .... 
Sand (Ottawa I) 

W/C: 0.50 Water .... 

Wire: (1) Bronze-coated wire; 0.013". 

(2) Galvanized wire; 0.0128" 

500g 

Mixing: Mech I 

Compaction: 

Curing: 

5 minutes 

Molds: 

Batch l-lfr 
H
O
 

Tmw 
(°p) (°F) 

tT 
(days) 

fcwc 
(days) 

A 72.1 70.8 73.4 7.11 6.19 

Tr (at immersion) = 68.4 °F 

Tc = 70.3 °F (6 readings) 

H = 10440 op-hr 

Testing: Special pull-out apparatus 

Comment: (1) Specimens #9 and #12 were not tested as they had 
failed to bond before immersion. 

(2) Preparation of molds and size of specimens.the 
same as in bond test #1, 
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BOND TEST #2 
D82 

Observed Test Data: 

Specimen Lu *u ,fs., (psi) (psi) Number (in) (lbs) 

Batch A1 - 7 0.965 8.06 60,800 204 
8 0.985 10.28 77,400 264 
9 Mot tested 

Means 
69,100 234 

Batch A2 -10 
11 
12 

Means 

0.985 
0.967 
Not tested 

7.27* 
7.32* 

56,500** 
56,800** h-*

 
00
 0

0 
00

 

56,700** 186# 

* indicates wire broke at this load 
** indicates ultimate tensile strength of wire 
# indicates that bond strength greater than this value 

Analyzed Data: 

Nominal grip length - 1" 

Bronze-coated steel wires: 
Bond stress developed was 234 psi. 
Stress in wire at bond failure was 69,100 psi. 

Galvanized wires: 
Ultimate tensile strength was 56,700 psi. 
Bond stress at ultimate tensile strength was 186 psi. 
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D83 

BOND TEST #3 

Purpose: To determine the comparative bond strengths of ironze- 
coated and galvanized wires for a nominal grip Imgth 
of one-half inch. 

Performed; February 22, 1961 

Batches: 2 

Mix: 1:3 

W/G: 0.50 

Batch A1 - 3 specimens, bronze-coated wire 

Batch A2 - 3 specimens, galvanized wire 

Materials: Cement .... 
Sand (Ottawa I) 
Water .... 

5C\0g 
150(5# 
250ml 

Wire: (1) Bronze-coated wire; 0.013" 
(2) Galvanized wire; 0.0128" 

Mixing: Mech I 

Compaction: 

Curing: 

5 minutes 

Molds; P 

Batch T T T zr mw m 
(°F) (OF) (°F) 

tT 
(days) 

^c 
(days) 

A 78.8 79.7 77.8 7.08 6.17 

T r 
(at immersion) => 82.0 °F 

m = 71.0 °F (3 readings) 

H - 10510 °F-hr 

Testing: Special pull-out apparatus 

Comment: Preparation of molds and size of specimens the same as 
in bond test #1 
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D84 

BOND TEST #3 

Observed Test Data: 

Specimen Lu 

Number (in) 

Batch A1 - 13 0.469 
14 0.492 
15 0.523 

Means 

Batch A2 - 16 0.482 
17 0.537 
18 0.501 

Means 

p„ f f„ u s u 
(lbs) (psi) (psi) 

2.75 20,800 144 
3.53 26,600 175 
1.55 11,700 73 

19,700 131 

7.29* 56,600** 376# 
7.39* 57,400** 342# 
7.46* 58,000** 371# 

57,300** 363# 

* Indicates wire broke at this load 
** Indicates ultimate tensile strength of wire 
# Indicates that bond strength greater than this value 

Analyzed Data; 

Nominal grip length - %" 

Bronze-coated steel wires: 
Bond stress developed was 131 psi. 
-Stress in wire at bond failure was 19,700 psi. 

Galvanized wires: 
Ultimate tensile strength was 57,300 psi. 
Bond strength at ultimate tensile stress was 363 psi. 
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D85 
BOND TEST #4 

Purpose: To determine the comparative bond strengths of bronze 
coated and galvanized wires for a nominal grip length 
of one-quarter inch. 

Performed: February. 25, 1961 

Batches: 2 Batch A1 - 3 specimens, bronze-coated wire 

Batch A2 - 3 specimens, galvanized wire 

Mix: 1:3 

W/C: 0.50 

Materials: Cement   .... 500g 
Sand (Ottawa I). . . . . . 1500g 
Water  250ml 

Wire: .(1) 

(2) 

Mixing: 

Compaction: 

Curing: 

Bronze-coated steel wire; 0.013" 
Galvanized wire; 0.0128" 

Mech I 

5 minutes 

Molds: P 

Batch T 

(°F) 

A 75.5 

■^•mw Jm tip , fccw 
(°F) (°F) (days) (days) 

73.9 81.5 7-01 6.03 

Tr (at immersion) = 83.8 °F 
Tr (at testing) = 78.5 °F 

Tc = 72.2 °F (2 readings) 

H = 10440 °F-hr 

Testing: Special pull-out apparatus 

Comment: Preparation of molds and size of specimens the same as 
in bond test #1. 
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1)86 

BOND TEST #4 

Observed Test Data; 

Specimen 
Number 

hi 
(in) 

*u 
(lbs) 

fs 
(psi) 

fu 
(psi) 

Batch A1 - 19 0.245 0.54 4,100 54 
20 0.233 1.18 8,900 .124 
21 0.215 1.15 8,700 131 

Means 7,200 103 

Batch A2. - -22 0.250 6.72 52,200** 670# 
23 0.230 6.70* 52,100** 725# 
24 Not tested*** 

Means 52,200** 698# 

*' Indicates wire broke at this load 
** Indicates ultimate tensile strength of wire 
*** Specimen discarded at immersion, wire fell out on removal 

of forms 
# Indicates that bond strength greater than this value 

Analyzed Data: 

Nominal grip length - 

Bronze-coated steel wires: 
Bond stress developed was 103 psi. 
Stress in wire at bond failure was 7,200 psi. 

Galvanized wires: 
Ultimate tensile strength was. 52,200 psi. 
Bond strength at ultimate tensile stress was 698 psi. 
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MISCELLANEOUS TEST #1 
D87 

SPECIFIC GRAVITIES OF CEMENT AND SAND 

1. Cement: Specific gravity of cement was determined using ASTM 
Standard C188-44 

Wc - weight of cement sample in grams 
Vk - volume of displaced kerosine in milliliters 

Specific Gravity = Wc /. Vk = 64.Og / 20.5 ml 

Specific gravity of cement =3.20 

2. Sand: The specific gravities of the three sands used in this 
investigation were determined from the following calculation. 

Wf - weight of an empty 500 ml volumetric flask in grams 
Ww - weight of flask and 500 ml of distilled water 
Ws - weight of sand sample in grams 
Wt - weight of flask, water and sand sample; flask being 

filled to 500 ml mark, in grams 

• Wi = v- wf 
w9 = w - w - w* 

t s f 

Vs - absolute volume of sand in milliliters 

Vs = (1 = W2 / Wx) x 500 ml 

specific gravity = Ws / Vs 

Observed Data: 

Type of Wf Ww Ws Wt 
Sand <g) (g) (g) (g) 

Bank 136.7 635.0 242.6 785.9 
Ottawa I 137.1 635.5 302.5 824.2 
Ottawa II 137.1 635.5 300.6 822.5 

Calculated Data: 
♦ 

Type of Wl Wo Vs sp.gr. 
Sand (S) (g) (ml) 

Bank 498.3 406.6 92.0 2.64 
Ottawa I 498.4 384.6 114.2 2.65 
Ottawa II 498.4 384.8 114.0 2.64 
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MISCELLANEOUS TEST #2 
D88 

SIEVE ANALYSIS OF BANK SAND 

I. Two sieve analyses were made on the bank sand; the results 
were as follows: 

Sample #A (1109.3 g) 

Sieve # Wt Retained Cumulative Percent 
US Standard Weight 

Retained 
Passing 

(8) (%> (%) 

4 0.0 0.00 100.00 
8 13.8 1.25 98.75 

16 169.7' 16.61 83.39 
30 298.5 43.62 56.38 
60 519.2 90.60 9.40 

100 89.7 98.72 1.28 
200 11.0 99.72 0.28 
Pan 3.2 100.00 0.00 

1105.1(99.62%) 

Sample #B (1105.1 g) 

4 0.0 0.00 100.00 
8 12.7 1.15 98.85 

16 174.8 17.01 82.99 
30 299.5 44.19 55.81 
60 507.2 90.22 9.78 

100 89.2 98.32 1.68 
200 13.3 99.53 0.47 
Pan 5.2 100.00 0.00 

1101.9(99,71%) 

2. The average percent passing of the two analyses are presented 
below along with the ASTM limits. 

Sieve .% ASTM 
Number Passing limits 

4 100.00 95 - 100 
8 98.80 ,80 - 100 

16 83.19 50 - 85 
30 56.10 25 - 60 
60 9.59 8 - 25 

100 1.48 2-10 
200 0.38 0 - 3 
Pan 0.00 
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MISCELLANEOUS TEST #3 
D89 

PROPERTIES OF FIBROUS REINFORCEMENT 

Dimensions of Cross-section: 

Wire us Nominal No. of 
type gage dia. Measurements 

(in) (in) 

Bronze 31 0.0132 6 0.0131 

Galvanized 32 0.0128 6 0.0127 

Tag 27 0.0173 4 0.0175 

Calculated Dimensions; 

Wire Perimeter ^Wo 
type (in) (in2) 

Bronze 4.12 x 10" 2 1.35 x 10~4 

Galvanized 3.99 x 10~2 1.27 x 10“4 

Tag 5.50 x 10-2 2.40 x 10“4 

3. Specific Gravity: Four measured 12 inch sections of each wire 
were weighed and averaged. This average weight per unit length 
was divided by the cross-sectional area to obtain the specific 
gravity. 

Wire Wt per 12" 
3 

Wt per in Sp. gr 
type (g) (g) 

Bronze 0.2096 129.4 7.90 

Galvanized 0.1834 120.3 7.34 

Tag 0.3774 131.0 7.99 

4. Ultimate Strength: Using a modification to the special pull-out 

determined. The values 
of three tests. 

of "Pu" for each wire represent 

Wire ?u fs 
type (lbs) (psi) 

Bronze 12.99 96,200 

Galvanized 7.33 57,600 
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D90 

MISCELLANEOUS TEST #4 

FEEDER AMPLITUDE OF SYNTRON VIBRATOR AT VARIOUS DIAL POSITIONS 

1. Using a feeder amplitude measuring device, amplitudes at 
various locations on the vibrating table were recorded. 

Dial 
Position 

1 

Feeder Amplitude in 
Location 

2 3 

inches 

4 5 

o 0.003 0.006 0.005 0.004 0.004 

0 0.010 0.014 0.009 0.010 0.008 

© 0.020 0.030 0.023 0.028 0.020 

© 0.030 0.038 0.032 0.035 0.030 

© 0.040 0.048 0.046 0.048 0.040 

These locations are shown on the diagram below: 

CoA/r/zoL- 

Box 

VIB rzf\ TOR 

3. The readings above apply to the empty vibrator table. With 
the-tie down board and molds on the table, magnitudes of 
readings taken on top of molds were very close to zero in 
all cases. 
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