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This project waS undertaken in an eff3rt to determine the 
effect of various types of caps upon the true strength of concrete 
test cylinders. An effort was made to establish tûe relationship 
of the caps with regard to the advantages or disadvantageE of each 
from an economical arid time-saving standpoint. 

Using three sets of thirty standard test cylinders each six 
types of caps were used. These caps included Leadite, a cornmerct1 
lead-sulfur compound; nat-oement; plaster of paris a big grade 
dental plaster; ground ends; a 3 to i mixture of 9laster and 
cement; and steel shot. 

The groups of thirty were sLibdivided into six lots of five 
cylinders each, and each 1t wu assigned to one particular type 
of cap9ing. 

After the teet cylinders were made and were allowed to cure 
for a 28 day period under constant temperature and ioIsture 
conditione they were removed In the proper sequence, capped with 
the assigned material, and tested to destruction in the Southwark- 
mery testing machine. The head speed was maintained at the constan 
rate of 0.05 inches per minute. 

The average unit conipresive strength of each group of five 
was taken and then compared to that of the other groupe of five. 
The group having the ground ends was used ae a baeI for comparison. 
The n.ximum and minimum individual values and the standard 
deviation were also determined for each group. 

The results obtained indicate that Leadite was the superior 
aai on a basis of economy, accuracy of reu1ts, and dependability. 
The neat-cement cap showed corriparible reeults and its use is 
particularly advantageous when it is necessary that the cylinders be 
capped in the field. The remaining caps1 while satisfactory for 
ordinary test purposes, cause a wider range of variation; therefore 
they are not recommended for accurate comparisons aong 11e 
test cylinders. 
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LABORATORY AND STATISTICAL STUDY OF 
CONCRETE TEST CYLINDER CAPPING METHODS 

GENERA L 

As a result of the recent standardIzation and devel- 

opinent of cements, concrete has become increasingly impor- 

tant as a structural material. One has but to consider 

the massive structures now under construction or recently 

completed to understand the importance to which concrete 

has risen. 

The Shasta Darn in California, the Grand Coulee Darn 

in Washington, Boulder Darn, the famed concrete pontoon 

bridge, and many others are all powerful tributes to the 

skill and science employed by the modern concrete con- 

struction engineer. 

His job is a difficult one. It entails the problem 

of selecting, mixing, and placing his materials in such 

a fashion that he ill be assured a structure of the 

required uniform strength at the lowest cost and the 

maximum erviceabiiity. 

His job Is further complicated by the fact that con- 

crete contains many variables which may alter the ultimate 

properties within 'wide limits. The quality of the ingre- 

dients, the relative proportions thereof, the method and 

length of time of mixing and placing, and the treatment 

of the finished product are all factors upon which the 

final properties of the concrete depend. 
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As a result of the presence of these variables, it 

is necessary that a constant check be made to ascertain 

whether or not the concrete is maintaining the proper 

quality and uniform strength throughout. 

To accomplish this end, samples are generally taken 

from the mix, allowed to cure, and tested in compression 

at a later date; although lt is not an infrequent pro- 

cedure to cut cores of the concrete after lt has been 

cured on the job. 

The American Society for Testing Materials has set 

forth a specific procedure to be followed in obtaining 

samples for test purposes. (ASTM Designation: C39-33.) 

Paragraph a, C39-33, states: "Compression tests of 

concrete shall be made on cylinders of diameter equal to 

one half the length. The standard shall be 6 by 12 inch 

cylinders where the coarse aggregate does not exceed 

2 inches, by 12 inch cylinders shall be used; 2 by 

inch cylinders may be used for mixtures without coarse 

aggregate." 

As stated previously, these samples are generally 

taken from a given batch and are taken from that batch 

in such a fashion that the sample will be of a representa- 

tive nature. After the test specimens are removed from 

the parent batch, they are allowed to cure--or age--as 

nearly as possible under the same conditions as the parent 

concrete. If curing conditions of the two were not the 

game, then no comparison could be drawn with any degree of 
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accuracy. 

Of course, there is a different viewpoint which must 

be considered. That is, the question of the potential 

quality of the concrete. True, the field-cured specimen 

will give the best correlation between the sample and the 

structure, but it would not necessarily indicate the po- 

tential strength of the concrete 1f lt were cured under 

ideal conditions. Then, too, the field-cured specimen 

would offer no indication as to whether failure was due 

to poor materials, bad proportioning, or unsuitable cur- 

ing conditions. Thus, by using the laboratory method of 

curing the specimen in a moist room at constant tempera- 

ture, the latter variable would be overcome allowing the 

results of the tests to be interpreted properly. 

Most test cylinders are allowed to age or cure in 

the presence of moisture for a period of 28 days and are 

tested as soon as they are removed from the moist room. 

The 28-day period Is not necessarily fixed, but the water- 

cement ratio versus compressive strength curves used in 
designing mixtures are usually based on the 28-day 

strength of moisture-cured concrete; hence, the 28-day 

period Is generally accepted as standard. This may be 

traced to the fact that the greatest rate of increase In 

strength occurs, in most cases, within the 28-day period. 

Before the cylinders may be tested, care must be 

taken that the ends are smooth and perpendicular to the 

longitudinal axis. This condition permits the load to be 
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distributed evenly over the entire cross sectional area. 

If there were irregularities in the surface of the con- 

crete, the bearing plates of the testing machine would 

transmit the load only to the high points of the concrete. 

This condition zould develop stress concentrations at the 

points of contact and would cause premature failure of the 

specimen, thus giving an erroneous resultant unit stress. 

In order to forestall such an occurrence, the cylin- 

clers are capped" in some fashion so that a smooth uni- 

f orm surface is presented to the bearing plates of the 

testing machine. 

In accordance 'with ASTM Designation 031-38, paragraph 

7 (b): 'When specimens are not capped in the field, they 

shall be capped before testing in such a manner that the 

ends are perfectly plane and at right angles to the axis 

of the cylinder. The material used for capping and the 

thickness of the cap shall be such that it 'will not flo'w 

or fracture under the load." 

The standard method of capping as set forth by the 

ASTM involves the use of a stiff, neat cement paste 'which 

is placed on the open end of the concrete 'while it is 

still in the cylindrical mold. A piece of oiled glass 

plate is then worked on the fresh paste until it rests 

on the top edge of the mold. This operation assures a 

smooth surface to be presented to the testing machine. 
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Obviously, there must be other methods of capping 

'which 'will also satisfy the standard specIfication with 

regard to resistance to fracture or flow. 

It is the purpose of this paper, therefore, to corn- 

pare some of the various types of cappings now in use, 

and to determine the effect, if any, of each of the caps 

upon the compressive strength of the concrete. Other 

factors 'which 'will be considered include econonty, or the 

question of the cost of capping materials; ease of cap- 

ping, or the elimination of drudgery, time 'waste, and 

detailed 'work; and, reliability 'which insures uniform 

results, all other things being equal. 



INTRODUCTION 

The work involved in carrying out this investigation 

might be considered as falling into two distinct phases. 

The initial phase concerned the design and construc- 

tion of the concrete specimens to be used as a basis for 

the test; while the final phase involved the selection, 

application, and classification of the cappings used. 

It was decided that three design strengths of con- 

crete would be employed, and that six different capping 

methods would be used. In order to insure a greater 

accuracy of results, five specimens were assigned to each 

cap and each design strength. The average unit strength 

of the five specimens of a given design strength and cap 

would then be nearer to normal. 

This arrangement, then, would call for a total of 

ninety test cylinders, or thirty for each of the three 

design strengths. 

The six cappings used were as follows: 

1. Ground Ends. Each end of the cylinder was ground 

smooth, flat, and perpendicular to the axis of the sped- 

men. The operation was performed by hand, using an abra- 

sive, Aluminox No. 80, and a flat steel plate. This 

method was used as a standard with which the other 

methods can be compared. 

2. Leadite. A commercial lead-sulfur compound which 

is applied to both ends of the specimen by means of an 

Nardiello capper. This substance is applied in the 



7 

liquid state and allowed to harden. Leadite caps are used 

almost exclusively in the ;aterials laboratory at Oregon 

State College. 

3. Neat_Cement. A cap 'which is applied only to one 

end of the cylinder. Phis method is prescribed as standard 

by the ASTM. 

11.. Steel Shot. Thig cap is also applied only to one 

end of the specimen. A base plate containing a layer of 

steel shot is placed on the bed plate of the testing 

machine. The rough end of the cylinder is embedded in the 

shot until all irregularities in the surface are filled. 

The load is then transmitted through the shot to the spec i- 

men. 

5. Plaster of Paris. A cap 'which is applied to both 

ends of cylinder from 2 to 1. hours prior to compression 

test. 

6. Cement and Plaster Paris. Mixed dry in the ratio 

of 3 to i by volume, and applied in the form of a paste 

to both ends of the cylinder. 

The above capping methods 'will be described in 

greater detail in Chapter III. 

The primary objective involved in the construction 

of the test cylinders must be clearly understood. The 

ultimate success of the entire investigation depends upon 

the rigid control of all variables. Other'wise, no signif- 

icance could be attached to results obtained by the use of 

the different caps, for the difference of strengths might 



be attributed to the concrete itself rather than to the 

caps. 



CHAPTER I 

DESIGN OF CONCRETE MIXTURES FOR TEST CYLINDERS 

The three mixes as selected for test purposes were 

a follows: 

Mix I design strength 
Mix II design strength 
Mix III design strength 

at 28 days 2000 psi 
at 28 days k000 psi 
at 28 days 3000 psi 

Before the thirty cylinders were made from each of 

the three mixes, it was necessary to determine the water- 

cement ratio, and the best proportions of cement, fine 

aggregate,and coarse aggregate to use. 

The trial batch method was employed to determine the 

mixture which would give the desired workability. This, 

combined with the water-cement ratio as the indicator for 

probable strength, forms the basis for the most widely 

used method of concrete mixture design. 

In using this method, the water-cement ratio is 

first selected which will provide the strength required. 

This ratio may be obtained from available test data, 

curves, or tables. A trial batch is then made of small 

amounts of cement and water blended in the required ratio. 

To this is added the fine and coarse aggregate until the 

desired workability is obtained. The degree of workabil- 

ity is generally determined by the slump test; therefore, 

enough concrete should be made to fill the standard slump 

cone, which has a capacity of 0.2035 cubic foot. While 

more than one combination of aggregates may give the 
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desired workability with a given water-cementratlo, the 

selection of the proper combination usually depends upon 

the relative cost of' each. The selection also depends 

upon the combination which will give the greatest density. 

Selection of Materials. All materials required for 

the completion of the ninety cylinders were assembled be- 

f ore any test work was begun. The cement and aggregates 

were stored inside and permitted to reach a uniformity of 

temperature and moisture content so that there would be 

no variation from day to day. 

Santa Cruz cement, Willamette river sand and gravel 

were used In all mixes. 

Procedure. For Mix I, the water-cement ratio to 

produce a probable strength of 2000 psi vas found to be 

0.665 by weight. 

From previous laboratory work at Oregon State College, 

it was known that 2.5 pounds of water and the necessary 

amount of cement to produce the given ratio, would yield 

sufficient concrete to fill the slump tester. Therefore, 

a neat-cement paste was mixed, consisting of 2.5 pounds 

of water and 3.76 pounds of cement 0.665). 

To this the fine and coarse aggregates were added until a 

workable mix was obtained. The fresh concrete was placed 

in the slump tester, and the consistency vas determined. 

The weights of all materials were noted, and the 

proportion by weight of each vJ: found. 



11 

This procedure was also followed in designing Mix II 

and Mix III. The necessary changes were made in the 

water-cement ratios to produce the desired change in 

strength. 

The results of the trial batch method for each mix 

are as follows: 

Mix I (2000 psi) 

Proportions by weight: l:3.k8:k.88 
Water-cement ratio by weight: 0.665 
Slump: k inches 

Mix II (14.000 psi) 

Porportions by weight: l:2.05:5.3..) 

Water-cement ratio by weight: 0.kkk 
Slump: 2 inches 

Mix III (3000 psi) 

Proportions by weight: 1:2.56:14.07 
Water-cement ratio by weight: 0.55k 
Slump: k inches 
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CHAPTER II 

CONSTRUCTION OF TEST CYLThDERS 

Following the selection of the proper proportions for 

Mix I as set forth in the previous chapter, the necessary 

amounts of materials were assembled for the construction 

of the thirty cylinders required of Nix I. 

The mix was divided into five batches, with enough 

concrete for six cylinders in each batch. Each cylinder 

in that particular batch as identified and assigned to 

each of the six caps. This made certain that any slight 

discrepancy among successive batches would not be mis- 

construed as an effect of a particular type of cap used. 

If all six cylinders in each batch vere capped alike, 

then some slight variation in strength from batch to 

batch might be falsely interpreted as an effect due to 

the cap alone, and not to the concrete itself. Then, too, 

an average of the five batches would give a clearer inter- 

pretation to the true strength of the mix. 

On the basis of the yield of concrete from the trial 

batch, the amounts of materials were calculated to pro- 

duce sufficient concrete for six cylinders. The batch, 

however, was made in such a fashion that there was some 

surplus concrete after the six molds were filled. This 

avoids the necessity of using the last bits of concrete 

in the mixing box. These last portions usually contain 

a preponderance of the fine aggregate and water-cement 
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paste; hence, the cylinder containing this material would 

not conform to those previously molded. 

Procedure. In order to insure a more uniform dis- 

tribution, the coarse aggregate as first screened into 

two sizes, and equal parts of each were used. The small 

size varied from i/ inch to 3/14 inch, whIle the larger 

size varied from 3/4 inch to i i/k inch. 

The water, cement, fine aggregate, and the two sizes 

of coarse aggregate were carefully weighed out and placed 

by the clean, water-tight, non-absorbent mixing box. 

The cement was placed in the box and the water was 

added and mixed until a smooth, uniform paste was formed. 

To this was added both sizes of coarse aggregate. After 

all particles were entirely coated with the paste, the 

sand was added. The entire batch was then mixed thor- 

oughiy by hand until the concrete was uniform in appear- 

ance and all materials were thoroughly mixed with the 

paste. 

The consistency of the fresh concrete was then deter- 

mined by the standard slump test. The six molds were 

assembled, marked, and filled with the concrete. 

An electric vibrator was used to puddle the con- 

crete to insure a dense product with a smooth surface 

next to the mold. 

The concrete was trowelled off even with the top 

edge of the mold, and an oiled glass plate was placed 

over the open surface. The cylinders were permitted to 



stand in the molds at room temperature for a period of 2k 

hours. At the end of that time, they were removed from 

the molds, marked, and placed in the curing room. Here 

they were kept moist at a constant temperature of 700 F. 

for a period of 28 days. 

If two batches were to be made the same day, the mix- 

ing box was cleaned and dried thoroughly between mixes. 

This was necessary in order to eliminate any free moisture 

which might affect the water-cement ratio of the subse- 

quent batch. 

Since one of the six cylinders in each batch was to 

be capped with neat-cement, the selected specimen was 

capped before it was removed from the mold. A stiff, 

neat-cement paste was made as soon as the cylinders were 

completed. The paste was allowed to stand for about 2 

hours in order to allow for shrinkage to take place. At 

the end of that time, the paste was placed on the open 

end of the cylinder, and an oiled glass plate worked down 

on it until the plate came in contact with the edge of 

the mold. 

This procedure, with the necessary changes involved 

to produce a different design strength, was followed in 

making the test cylinders in Mix II and Mix III. 
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CHAPTER III 

CAPPING METHODS 

The six capping methods used in this investigation 

have been previously described in brief; however, the 

details of those methods and the advantages or disadvan- 

tages of each will be covered more fully at this point. 

1. Leadite. Leadite Is a lead-sulfur compound, 

made by the Leadite Company of Philadelphia, in the forni 

of a fine, jet-black powder. Its use requires a special 

type of capper swh a that mentioned before. The 

powder is first melted in a container over a gas flame 

and then poured into the mold as soon as lt becomes a 

viscous fluid. When the fluid solidifies upon cooling, 

lt forms a hard, smooth, dense solid which adheres 

firmly to the ends of the cylinder. After the cylinder 

has been tested, the caps may be removed, remelted, and 

used again. 

This item has an Importance economically speaking; 

although the cycle cannot be continued indefinitely. The 

process of melting and remelt Ing tends to break down the 

compound until the fluid becomes too viscous to produce 

a smooth cap. The break down is caused by the gradual 

loss of sulfur during the melting process. By adding 

fresh powder, this condition may be remedied. 

This method is efficient and rapid, and lt produces 

a cylinder with bearing surfaces smooth and parallel; 
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however, it is rather unpleasant to work with, as the sul- 

fur fumes given off by the melting Leadite are quite dis- 

agreeable. A simple ventilating hood, if properly de- 

signed, will offset this difficulty. 

Specimens are usually capped just prior to testing, 

although they may be prepared in advance and returned to 

the curing room to await the test. 

2. Neat-Cement. This type of cap was described in 

Chapter II. As stated before, this method is standard 

(ASTM), and is fairly efficient. Since only one end of 

the cylinder is capped, a problem arises in adjusting 

the surface parallel to that formed by the base plate of 

the mold. 

The cap, being applied soon after the cylinder is 

molded, has ari opportunity to set just as long as the 

specimen does, and attain a hardness similar to that of 

the mortar in the concrete. Then, too, when the test is 

scheduled, the specimen may be taken directly to the 

testing machine without any further capping operations. 

This method, then, would provide a saving in time. 

3. Ground Ends. This capping method requires more 

time and physical effort than the other types. An abra- 

sive (in this case, Aluminox, #80) mixed with a small 

amount of water, is used. The abrasive is placed on a 

machined steel plate, water is added a a lubricant, and 

the cylinder is then moved back and forth by hand until 
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the irregularities in the end surfaces are removed. The 

performance is then repeated for the opposite end. Care 

must be exercised in the final stages of grinding, because 

the mortar will tend to 'wear away more rapidly than the 

exposed pieces of coarse aggregate. This situation would, 

of course, defeat the purpose of the grinding operation. 

While this method is rather tedious, it does provide 

a specimen 'which may be used as standard. There need be 

no 'worry as to the effect of an alien material used in 

capping; hence, in this investigation, the ground-end 

cylinders were used as a standard with which to compare 

the other types of capping. 

k. Plaster of Paris. This cap was applied to the 

specimen from 2 to k hours before testing in order for 

the plaster to attain sufficient hardness. 

A mass of the fresh plaster 'was placed on a smooth 

flat steel plate, and the cylinder was placed vertically 

on the plaster. The weight of the cylinder forced the 

distribution of the plaster until the entire end was 

coated. 

A similar quantity of the fresh plaster was placed 

on the top end, and an oiled glass plate 'was forced down 

upon lt to form the smooth cap. Again it 'was necessary 

to handle this operation in such a fashion that the ends 

of the cylinder vere smooth, parallel, and perpendicular 

to the longitudinal axis. 
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5. Cement and Plaster of Paris. The technique em- 

ployed in the application of this cap was identical with 

that as set forth in the preceding paragraph. 

The material used sias a mixture of cement and plaster 

of paris in the ratio of 3 to i by volume. 

The presence of the cement delayed the hardening 

action of the plaster but promoted a more lasting hard- 

ness. The plaster, if used alone, tends to soften slight- 

ly after it has been allowed to set for two or three hours. 

This method is used entirely in the laboratory of the 

Oregon State Highway Department, and it is considered to 

be sufficiently accurate for their use. 

The blending of the cement 'ith the plaster gave a 

somewhat smoother surface than that of the plaster alone. 

6. Steel Shot. This method of capping 'was, by far, 

the quickest and easiest of the six types used. A £lane, 

. cJ base plate from a 6 by 12 inch mold was filled to 

a depth of 3/8 inches 'with 1/16 inch steel shot. The 

cylinder was placed in the base plate and rotated until 

it was firmly seated in the shot. This operation gave 

the shot an opportunity to adjust itself to the irregular- 

ities of the surface of the cylinder end. 

The base plate and the cylinder were then placed in 

the machine for testing. 

Since the roughest end of the cylinder is generally 

the open end as molded, it is best to invert the cylinder 



so that the rough end will be in contact 'with the steel 

shot. The smooth end 'will then be in contact 'with the 

head of the machine so that the load 'will be evenly dis- 

tributed. 

The cost of such an operation is negligible, and the 

time required is at a minimum since there are but few pre- 

liminary steps to be indertaken. 
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CHAPTER IV 

TEST PROCEDURE AND RESULTS 

The test cylinders, after they had been permitted to 

age and cure in the moist room for the specified 28-day 

period, were removed in the proper sequence to be capped 

'with the assigned material. All specimens, with the excep- 

tion of neat-cement cap, were capped the day of the test. 

Following the capping processes, the cylinders, one at 

a time, 'were taken to the Southwark-Emery, 600,000 pound 

testing machine. At this point, the test specimen was 

measured to determine the mean diameter and to make certain 

that the 2 to i ratio of length to diameter was maintained 

as required by the ASTM standards. This latter varied 

slightly with the cap thickness but not enough to affect 

the results. 

The cylinder as placed in the machine, and the 

spherically mounted head was brought to bear, 'without 

shock, upon the top surface of the specimen. The load 

'was applied at a constant head speed of 0.05 inches per 

minute, and 'was maintained to the point of fracture. The 

ultimate load at this point 'was recorded. Using the mean 

diameter as previously determined, the cross-sectional 

area was calculated and the unit stress found. 

For each mix, the unit compressive strengths of five 

cylinders of like caps were averaged. 
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The average strengths thus found vere' compared and 

listed in the order of decreasing strength as shown in 

Table II. 

The complete set of individual test results is shown 

in Table I. 

Since the average strengths did not indicate the 

amount of variation of the individual cases from the mean, 

the standard deviations for each mix and cap were cal- 

culated and recorded in Table II. 

By knowing the deviation in each case, the observer 

can determine which capping method has the greatest amount 

of variation within the group; and, consequently, which 

cap will produce the most consistent results. 
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Southvark-Emery Testing Machine 
Capacity, 600,000 Lbs. 

Pictured here are the testing machine and accompany- 

Ing control cabinet used in all compression tests. The 

total loads were recorded on the dials from which, by 

means of a trailer needle, the ultimate loads were deter- 

mined 'without keeping a constant watch on the dial. 

The power Is transmItted hydraulically to the movable 

head of the machine. 
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TABLE I 

Mix I 

Individual Coupression Test Result8 at 28 Days 

Concrete mix: Proportions l3.48:4.88 by weight 
Water-cement ratio: 0.665 by weight 

Cross- 
Mean dia- section- 
meter of al Area Ultimate Unit 

Speci- Dato o1 Specimen square Load, Load, 
men Test Cap Used inches inchos pounds psi 

I-D-1 Mar. 22 leadite 6.045 28.6 71,250 2490 
I-c-1 Mar. 22 plaster 6.07 29.0 71,000 2440 

par is 
I-E-1 Mar. 22 ground 6.125 29.4 73,500 2500 

ends 
I-A-1 Llar. 22 cement & 5.98 28.2 68,000 2420 

plaster 
paris 

I-B-1 Mar. 22 neat 6.03 28,7 71,400 2480 
cerne nt* 

I-F-1 Mar, 22 Steel 6,00 28.3 69,600 2460 
s hot* 

I-F-2 lLar. 23 leadite 6.05 28.8 59,750 2075 
I-C-2 War, 23 plaster 6.045 28.7 57,500 2000 

paris 
I-A-2 Lar. 23 ground 5.99 28.2 58,500 2080 

ends 
I-D-2 Mar. 23 cement ¿: 6.025 28.5 62,000 2160 

pia s te r 
I-B-2 ]ar, 23 neat 6.08 29.1 59,500 2050 

cement* 
I-E-z Liar. 23 steel 5.95 27.9 57,000 2040 

shot* 

I-D-3 Mar. 23 leadite 6.00 28.3 58,000 2040 
I-F-3 1ar. 23 p1ster 6.11 29.3 57,750 1970 

paris 
I-C-3 Mar, 23 ground 5.99 28.2 57,000 2020 

ends 

I-A-3 Mar. 23 cement 
: 5.99 28.2 55,500 1970 

plaster 
I-B-3 !ar. 23 neat 6.00 28.3 56,500 1995 

cements 
I-E-3 Mar. 23 steel 6.035 28.7 56,500 1965 

shots 



24 
Cross- 

Lean dia- section,. 
meter of a]. Area Ultimate Unit 

Sped- Date of Specimen square Load, Load, 
men Test Cap Used inches inches pounds psi 

I-F-4 Mar. 25 leadite 6,09 29,1 62,000 2110 
I-D-4 Mar. 25 plaster 6.00 28.3 57,000 2060 

paris 
I-A-4 Mar, 25 ground 6.00 28.3 59,000 2090 

ends 
I-C-4 Mar. 25 cement . 6.03 28.6 57,700 2020 

plaster 
I-B-4 Mar, 25 neat 6.08 29.1 60,800 2075 

cement* 
I-E-4 Mar, 25 steel 5.97 28.1 56,500 2020 

shot* 

I-E-5 Mar. 25 leadite 6.06 28.8 59,600 2080 
I-A-5 Mar. 25 plaster 6.00 28.3 58,500 2050 

paris 
I-C-5 Mar. 25 ground 6.04 28.6 60,000 2090 

ends 
I-F-5 Mar, 25 cement & 5,98 28.1 27,500 2040 

plaster 
paris 

I-B-5 Mar, 25 steel 5.985 28.0 56,500 2020 
shot 

*Capped on one end only. 
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Lux II 

Individual Compression Test Results at 28 Days 

Concrete mix: Proportions 1:2.05: 3.3 by weight 
Water-cement ratio; 0:444 by weight 

Cross- 
Mean dia- section- 
meter of al Area Ultimate Unit Sped- Date of Specimen square Load, Load, 

raen Test Cap Used inches inches pounds psi 
II-E-1 Mar, 26 leadite 6,035 28.5 120,uOO 4210 II-F-1 Mar. 26 plaster 6.01 28.4 118,000 4150 

par 18 
II-C-1 Lar. 26 ground 6.01 28.4 119,400 4190 

ends 
II-D-1 rar. 26 cement & 6.00 28.3 118,250 4180 

plaster 
paris 

II-B-1 Mar. 26 cement 6.01 28.4 119,000 4180 
II-A-1 Llar, ¿6 steel 6.00 28.3 117,500 4140 

shot 

II-A-2 ?.ar, 27 leadite C.08 29.1 122,000 4195 
II-E-2 Luar. 27 plaster 6.03 28.5 119,500 4175 

paris 
II-D-2 Mar. 27 ground 6.00 28.3 119,200 4180 

ends 
II-F-2 ìFar. 27 cement 6.09 29.2 121,000 4150 

pla8 te r 
II-B-2 Lar. 27 cernent 6.03 28.4 119,000 4180 
II-C-2 Mar. 27 steel 6.01 28.35 119,000 4170 

shot 

II-C-3 Mar. 27 loadite 6.035 26,6 118,000 4130 II-F-3 Mar. 27 plaster 6.00 28.3 114,200 4040 
pa r is 

II-E-3 Luar. 27 ground 6.02 28.4 118,500 4160 
ends 

II-D-3 Lar. 27 cement - 5.95 27.8 112,000 4030 
plaster 

II-3-3 Mar. 27 neat 6.00 28.3 115,500 4080 
cement 

II-A-3 Mar. 27 steel 6.03 28.4 113,000 3980 
shot 



Speci- Date of 

men Test Cap Used 

II-D-4 L:ar. 28 leadis 
II-C-4 Mar. 28 plaster 

paris 

II-F-4 liar. 2B ground 
ends 

II-D-4 Liar. 28 cernent ¿. 

plaster 
paris 

II-B-4 Mar, 28 cernent 

II-A-4 Mar, 28 steel 

shot 

II-D-5 Mar, 28 leadite 

II-Â-5 Mar. 28 plaster 
par is 

II-C-S Mar. 28 ground 
ends 

II-F-S Mar, 28 cement & 
plaster 
paris 

II-D-5 Liar, 28 neat 
cement 

II-E-5 Mar, 28 steel 

shot 

Cross- 

Mean dia- section.. 

meter of al Area 
Specimen square 
inches inches 

6.04 28.6 

6.02 28.4 

6.03 28.5 

5.99 28.2 

26 

Ultimate Unit 
Load, Load, 

pounds psi 

119,200 4180 

118,600 4180 

119,500 4190 

116,000. 4120 

6.02 28.4 116,900 4180 

6.01 28.4 116,000 4085 

6.02 28,4 119,500 4175 

6.03 28.5 116,400 4060 

5.99 28.2 117,000 4160 

6.04 28.6 117,500 4120 

6.00 28.3 117,000 4140 

5.99 28.2 113,400 4020 
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i.:îx III 

Individual Compression Test Results at 28 Days 

Concrete mix: Proportions 1:2.56: 4.07 by weight 
Water-cement ratio: 0.554 by weight 

Cross- 
Mean dia- section- 
meter of al area Ultimate Unit 

Sped- Date of Specimen square Load, Load, 
men Test Cap Used inches inches pounds psi 

III-C-1 April 2 leadite 5.96 27.9 88,000 3150 
III-F-1 April 2 plaster 6.02 28.4 87,000 3060 

paris 
III-F-1 April 2 ground 6.07 28.8 89,500 3110 

ends 
III-A-1 April 2 cement & 6.00 28.3 86,500 3040 

plaster 
paris 

III-B-1 April 2 cement 59 28.2 87,500 3100 
III-D-1 April 2 steel 6.05 28.5 85,500 3000 

shot 

III-E-2 April 2 leadite 6,00 28.3 89,000 3140 
III-C-2 April 2 plaster 6.04 28.7 88,000 3060 

paris 
III-F-2 April 2 ground 6.00 28.3 88,500 3125 

ends 
III-A-2 April 2 cornent & 5.98 28.2 85,000 3020 

plaster 
pa r is 

III-13-2 April 2 cement 6.00 28,3 87,500 3090 
III-D-2 April 2 steel 6.01 28.35 85,000 3000 

shot 

III-F-3 April 3 leadite 6.01 28.4 88,000 3100 
III-A-3 April 3 plaster 5.96 27.9 86,600 3050 

paris 
III-E-3 April 3 ground 6.015 25,4 87,500 3080 

ends 
III-C-3 April 3 cernent 6.06 28.8 87,000 3020 

pias tei- 
paris 

III-B-3 April 3 neat 6.00 28.3 87,000 3080 
cement 

III-D-3 April 3 steel 6.03 28.5 85,000 2990 
shot 
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Cr088- 

.ean dia- section- 
meter of al Area Ultimate Unit 

Sped- Date of Specimen square Load, Load, 
men Test Cap Used inches inches pounds psi 

III-E-4 April 3 leadite 5.975 28.0 91,000 3250 
III-F-4 April 3 plaster 5.975 28.0 89,000 3180 

paris 
III-C-'i April 3 ground 6.00 28.3 93,000 3280 

ends 
III-D-'i April 3 cement & 5.9? 28.0 88,700 3165 

plaster 
paris 

III-13-4 April 3 cement 6.02 28.4 91,500 3220 
III-A-4 April 3 steel 6,02 2.4 89,400 3140 

shot 
III-E-5 April 5 leadite 6.00 28.3 87,500 3080 
III-C-5 April 5 plaster 6.02 28.4 85,000 2980 

paris 
III-F-5 April 5 ground 6.01 28.35 87,000 3070 

ends 

III-A-5 April 5 cement - 5.96 27.9 84,000 3020 
plaster 
paris 

III-B-5 April 5 cement 6.06 28.8 87,700 3040 
III-D-5 April 5 steel 6.00 28.3 85,000 3000 

shot 



29 

TABLE II 

Suimn&ry of Test Results 

:ix I 

Average 
Unit Maximiun 1.:inum Standard 

Compressive Comp. Comp. Deviation 
Strength Strength Strength 

Cap Used p31* psi psi 

Leadite 2159 2490 2040 164 
Ground ends 2156 2500 2020 174 
1eat cement 2130 2480 1995 177 
Canent and plaster paris 2122 2420 1970 161 
Plaster paris 2104 2440 1970 171 
Steel shot 2101 2460 1965 181 

Mix II 

Leadite 4178 4210 4130 26.4 
Ground end8 4176 4190 4160 13.4 
Neat cement 4152 4180 4080 32.2 
Plaster paris 4125 4180 4080 55.5 
Cement and plaster paris 4120 4180 4030 50.2 
Steel shot 4079 4170 3980 71.0 

Lix III 

Leadite 3144 3250 3080 58.8 
Ground ends 3133 3180 3070 76.0 
Neat cement 3106 3220 3040 60.9 
plaster paris 3066 3180 2980 64.2 
Cernent and plaster paris 3053 3165 3020 56.5 
Steel shot 3026 3140 2990 56.2 

*Listed in order of decreasing strength. 
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CHAPTER V 

DISCUSSION AND CONCLUSIONS 

It will be noted from the summary of results listed 

in Table II that there is apparently a distinct correla- 

tion between the type of cap used and the compressive 

strength of the concrete. 

However slight the effect of the cap might be, that 

effect is, nevertheless, present. True, the variation 

from one extreme to the other might be considered negli- 

gible for ordinary test purposes, but the fact remains 

that, when extreme care is taken, the type of cap used 

constitutes an influence that ought not be overlooked. 

Considering the fact that the ground end cylinders 

were used as standard, it is evident that the leadite 

caps, giving results slightly higher than standard, and 

the neat-cement caps, giving slightly lover results, 

most nearly approach dependable values. 

The plaster caps and the cement-plaster caps, by 

their reactions, indicate that they must be carefully 

handled so that they will have the opportunity to attain 

a maximum or uniform hardness; otherwise, the results 

will fluctuate within certain limits, depending upon the 

cap hardness. 

The steel shot cap, while it proved to be the 

simplest to apply, vas not particularly satisfactory. 

The low value of the resultant compressive strength 
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using this cap might be attributed to the fact that the 

shot used was too large. Obviously, then, it would be 

impossible for the entire end surface of the cylinder to 

be in contact as was originally assumed. Since this 

would mean that the load was being transmitted to a 

smaller area, the load required to produce the failure 

would also be smaller. 

From the standpoint of obtaining uniform results, 

cylinders capped with leadite, neat-cement, or having 

ground ends might be recommended in that order of pref- 

erence, with other three types following closely in the 

order shown in Table II. 

From the standpoint of speed of application, reH- 

ability of results, and economy, the leadite cap might 

well be considered ag the leader in this particular 

field. Using leadite in conjunction 'with th O1sen-ìard- 

leib capper, one is assured a specimen of smooth, hard 

ends which are plane and perpendicular to the longitu- 

clinal axis of the cylinder. 

Leadite, then, fulfills all requirements as set 

forth in the ASTM standards. 

Since it is not always possible to gain access to a 

leadite capper, the next cap recommended 'would be that 

of neat-cement. It is easy to apply, costs very little, 

and produces satisfactory results. The only difficulty 

arises from the fact that it is rather hard to make 
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certain that the opposite ends of the cylinder are paral- 

lel to each other and perpendicular to the axis. 

Ground end cylinders, while producing reliable re- 

sults, are hardly acceptable as long as lt is necessary 

to grind them by hand. This operation involves a sacri- 

fice of time, and, therefore, 'would be a distinct handicap 

where a large number of specimens 'were to be capped. 

It is difficult to arrive at any definite conclusions 

'which might be dra'wn from the calculated standard devia- 

tions. For example, the deviation of the steel shot cap 

'was at a maximum in the first two mixes, but it became a 

minimum in the third mix. 

The large deviations found In Mlx I may be traced 

to the first batch of that mix. It will be noted that 

the strength of that particular batch 'was considerably 

higher than that of the remaining four batches. With 

only five samples considered, a 'wide variation of one 

sample 'will produce, as in this case, a marked effect 

upon the standard deviation of the group. 

The leadite cap, while not having the lo'west 

standard deviation, 'was fairly consistent. In Mixes I 

and II, it had the second lowest deviation in the mix, 

and in Mix III lt dropped to third place. 

The standard deviations of the remaining caps 

fluctuated rather 'widely as indicated in Table II. 

From the individual maximum and minimum values 
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listed in Table II, lt can be seen that there I quite an 

overlapping of results. For Instance, an individual cyl- 

inder of a particular cap might have a strength within 

the range of a cylinder having a different cap, even 

though the mean values were not the same. 

In conclusion, it can nov be said that, for practical 

purposes and ordinary test conditions, the effect of the 

type of cap or compressive strength is very slight. The 

important factor, then, becomes the question of conveni- 

ence of capping, the cost, and the speed of the capping 

operation. 

From this standpoint, leadite may be considered as 

first choice of all caps tested. It Is easy to apply, 

costs very little, and requires but a short period of 

time for preparation. 

Even though the ground end caps produce good results, 

the cost of preparation with regard to time spent Is al- 

most prohibitive. This method might well be brought into 

prominence, however, if the specimen could be prepared 

mechanically rather than by hand. 

The use of neat-cement caps compares favorably with 

leadite In that the time required for capping is at a 

minimum. The cost would be higher, but this factor would 

be offset by the fact that no special capper Is required, 

as in the case of leadite. This cap is recommended for 

specimens prepared in the field. 
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As stated previously, the principal danger involved 

in the use of plaster of paris, and a mixture of plaster 

and cement, arises from the fact that the hardness of the 

caps tends to vary too greatly. It would be too diffi- 

cult, under normal test conditions, for the time between 

capping and testing to be kept at a constant value. 

The variation of results using the steel shot might 

possibly be overlooked, since it is a simple cap to apply 

and the cost is negligible. For reason of the afore- 

mentioned variation, however, this type of cap is not 

ree ommended. 
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